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Abstract: Use of Castellated beams for various multipurpose structures is gaining rapid popularity and appeal. Castellated 
beam is the beam that is formed by modifying a standard rolled beam by creating a regular pattern of holes in the web and 
reassembling the beam with a deeper web by taking advantage of the cutting pattern.The main advantage that these beams 
possess is to increase the moment of inertia and section modulus, which consequently results in greater strength and 
rigidity. In the present work, castellated beams are analyzed for different shapes of web openings under various loads for a 
particular span of the beam and support conditions and the structural responses are investigated and compared. The shear 
capacity of the web is investigated in particular as the web is more prone to shear failures and the effect of stiffeners is 
analyzed for the various web openings. Also, effect of shear stress and deflection is studied and compared for the 
castellated beams with varied spacing between the web openings.  
From the results obtained from ANSYS 14.5, it is concluded that the shear strength of castellated beam can be improved 
by providing stiffeners along the web openings or in the solid web portion. On increasing the clear distance between the 
web openings, it is concluded that the shear stress deformation and deflection of the beam can be reduced. The structural 
responses of castellated beams with various shapes of web openings are compared with the parent beam and the results are 
inferred.  
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1. INTRODUCTION: 
 
In the modern era, the construction technology has enhanced the dimension of structural engineering. Today the world is 
progressing in every sector not only in industrialization but also in infrastructure sector. All the metropolitan cities are 
touching the sky with high buildings, offices, malls, hotels, building floor systems, wide roof or hall covering systems, so 
use of steel as a structural member is gaining importance to complete this requirement. In steel structures, the concept of 
pre-engineered building (PEB) is most popular, because of simplicity and speed of construction. Such PEB have large span 
but subjected to less loading. So steel sections are subjected to safe in strength requirement but do not satisfy the 
serviceability requirement. So it is essential to use beam with more depth, to satisfy serviceability requirement. Use of 
open web beam (castellated beam) is the best solution in order to overcome this difficulty. 
 
A castellated beam is a beam style where an I-beam is subjected to a longitudinal cut along its web following a specific 
pattern in order to divide it, and reassemble the beam with a longer web by taking advantage of the cutting pattern. 
 
The primary advantage of castellated beams is the improved strength due to the increased depth of the section without any 
additional weight. 
 

 

 

2. METHODOLOGY: 

(a) Theoretical calculations for the parent beam 

 (ISMB 300 beam of 4m span, simply supported at both the ends, loaded with a concentrated load at 1/4th of the span from 
either ends) 

The formula used for determining the maximum shear stress, fv is as follows:  



fv = VQ/Ib 

where, 

V = vertical shear, usually from shear diagram  

Q = first moment of area  

    = Ay  

A = area of shape above or below the neutral axis  

y = distance from neutral axis to centroid of area ‘A’ 

I = moment of inertia of shape  

b = width of area ‘A’ 

The formula for determining the maximum deflection of a simply supported beam with a concentrated load at 1/4th 
distance from either ends of the span is given by, 

Δ = 141wl3/5000EI 

where, 

w = shear force 

l = span of the beam 

E = Young’s modulus of steel 

I = moment of inertia 

(b) Theoretical calculations for a Castellated beam with various shapes of web openings 

(ISMB 300 Castellated beam of 4m span, 400mm depth, simply supported at both the ends, loaded with a concentrated 
load at 1/4th of the span from either ends) 

The maximum deflection of the T- section is at the mid span and is due to the net load carrying capacity and local effects 
and is calculated by,  

δ = δ1 + δ2 = L/325 

                  = 4000/325 

                  = 12.30 mm   where,  

δ1 = Deflection due to net load carrying capacity  

δ2 = Deflection due to local effects 

 

The beam is checked in shear. The average allowable shear at the end is calculated from,   

Tva= 0.4fy 

      = 0.4*250 

      = 100 N/mm2 

where, 

fy= Yield strength of structural steel = 250 MPa 

3.  NUMERICAL STUDY: 



In the present work, the conventional beam and the castellated beams with various shapes of web openings are analyzed 
under different concentrated loads for the same span. 

Also, the castellated beams for different values of c/c spacing between the web openings are analyzed.  

• c/c spacing of 280mm. 

• c/c spacing of 300mm. 

Stiffeners are introduced in the web openings and in the solid web portion, and the stress stresses and deflections are 
studied and compared. 

The following structural responses on the beam are studied in all cases: 

1.  Beam shear carrying capacity. 

2.  Deflection of castellated beam. 

Loading Condition: Two concentrated loads at 1/4th distance from either ends of the span of the beam. 

Support Condition: Simply supported at both the ends. 

 

Figure 1: ISMB 300 Parent beam of 4m span 

 

Figure 2: ISMB 300 Castellated beam of 4m span having different shapes of web openings 

 

Figure 3: ISMB 300 Castellated beam of 4m span with stiffeners in the web openings 



 

Figure 4: ISMB 300 Castellated beam of 4m span with stiffeners in the solid web portion of the beam 

4. RESULTS AND DISCUSSIONS: 

The parent beam along with the castellated beams with various shapes of web openings have been analyzed for different 
loading conditions as mentioned below. After a particular stage of loading, it was observed that the permissible limits of 
shear stress and deflection have been exceeded substantially. For these cases, stiffeners were suggested on openings of the 
web and also on the solid portion of the web. The results from the study and analysis are discussed in the tables below and 
the conclusions drawn are reviewed in Section 5. 

Table 1: Comparison of shear stress and deflections between the conventional beam and castellated beam with 
various shapes of web openings. 

Load 
Applied 

Parent Beam Rhombus openings 
castellated beam 

Circular openings 
castellated beam 

Hexagonal openings 
castellated beam 

Max. 
Shear 
Stress 

(N/mm2) 

Deflection 
(mm) 

Max. 
Shear 
Stress 

(N/mm2) 

Deflection 
(mm) 

Max. 
Shear 
Stress 

(N/mm2) 

Deflection 
(mm) 

Max. 
Shear 
Stress 

(N/mm2) 

Deflection 
(mm) 

20 kN 36.42 2.84 35.19 1.70 34.48 1.92 32.32 1.81 

30 kN 54.64 4.27 52.79 2.55 51.72 2.89 48.48 2.72 

40 kN 72.85 5.69 67.76 3.41 68.97 3.85 64.64 3.63 

50 kN 91.07 7.12 84.70 4.26 86.21 4.82 80.80 4.53 

60 kN 109.28 8.54 101.64 5.11 103.45 5.78 96.96 5.44 

70 kN 127.50 9.97 118.58 5.96 120.69 6.75 113.12 6.35 

80 kN 145.71 11.39 135.52 6.82 137.94 7.71 129.28 7.26 

 

It is observed that deflections are more in the case of circular openings and the shear stresses are maximum in the case 
of the same openings. However the values of deflections for all the load cases upto 80 Kn  are within permissible 
limits. 

Table 2: Comparison of shear stresses and deflections for a castellated beam with rhombus shaped web openings 
with stiffeners 

 Deflectio
n 

(mm) 

Maximum Shear 
stress 

( N/mm
2
) 

% Decrease in 
deflection 

% Decrease in 

 shear stress 



Without stiffeners 6.82 135.523  

6.74% 

 

2.54% With vertical stiffeners in the 
web openings 

6.36 133.076 

 

2.63% 

 

2.49% With vertical stiffeners in the 
solid portion of the web 

6.64 134.135 

 

Table 3: Comparison of shear stresses and deflections for a castellated beam with circular shaped web openings 
with stiffeners 

 Deflection 

(mm) 

Maximum Shear 
stress 

( N/mm
2
) 

% Decrease in 
deflection 

% Decrease in 

 shear stress 

Without stiffeners 7.71 137.94  

               2.46% 

 

               3.046% With vertical stiffeners in the 
web openings 

7.52 132.738 

 

5.05% 

 

3.05% With vertical stiffeners in the 
solid portion of the web 

7.32 133.726 

 

Table 4: Comparison of shear stresses and deflections for a castellated beam with hexagonal shaped web openings 

 Deflection 

(mm) 

Maximum Shear 
stress 

( N/mm
2
) 

% Decrease in 
deflection 

% Decrease in 

 shear stress 

Without stiffeners 7.26 129.28  

6.33% 

 

7.04% With vertical 
stiffeners in the web 

openings 

6.80 120.175 

 

 

2.49% 

 

 

2.21% 

With vertical 
stiffeners in the solid 

portion of the web 

7.08 126.414 

 
From the above 3 tables  it is observed that  on adding vertical/diagonal stiffeners inside the openings increased the shear 
carrying capacity and decreased the deflections in the web of the castellated beams better than adding vertical stiffeners in 
the solid web section of the beam.   
 

Table 5: Comparison between ISMB 300 Rhombus Castellated beam with 80 mm end to end spacing and 100mm 
end to end spacing between openings. 

 With 80mm end to end spacing With 100mm end to end spacing  

Load Deflection(mm) Maximum 
Shear 

Deflection(mm) Maximum 
Shear 

% Decrease in % Decrease in 



Applied Stress(N/mm2) Stress(N/mm2) deflection shear stress 

20kN 1.70 35.19 1.40 22.16 17.64 37.02 

30kN 2.55 52.79 2.11 33.25 17.25 37.01 

40kN 3.41 67.76 2.81 44.33 17.59 34.57 

50kN 4.26 84.70 3.52 55.41 17.37 34.58 

60kN 5.11 101.64 4.22 66.50 17.41 34.57 

70kN 5.96 118.58 4.93 77.58 17.28 34.57 

80kN 6.82 135.52 5.63 88.66 17.44 34.57 

 

Table 6: Comparison between ISMB 300 Circular Castellated beam with 80 mm end to end spacing and 100mm 
end to end spacing between openings. 

Table 7: Comparison between ISMB 300 Hexagonal Castellated beam with 80 mm end to end spacing and 100mm 
end to end spacing between openings. 

 With 80mm end to end spacing With 100mm end to end spacing  

Load 
Applied 

Deflection(mm) Maximum 
Shear 

Stress(N/mm2) 

Deflection(mm) Maximum 
Shear 

Stress(N/mm2) 

% Decrease in 
deflection 

% Decrease in 
shear stress 

20kN 1.92 34.48 1.84 32.12 4.16 6.84 

30kN 2.89 51.72 2.76 48.18 4.49 6.84 

40kN 3.85 68.97 3.69 64.24 4.15 6.85 

50kN 4.82 86.21 4.61 80.31 4.35 6.84 

60kN 5.78 103.45 5.53 96.37 4.32 6.84 

70kN 6.75 120.69 6.46 112.4 4.29 6.86 

80kN 7.71 137.94 7.38 128.5 4.28 6.84 

 With 80mm end to end spacing With 100mm end to end spacing  

Load 
Applied 

Deflection(mm) Maximum 
Shear 

Stress(N/mm2) 

Deflection(mm) Maximum 
Shear 

Stress(N/mm2) 

% Decrease in 
deflection 

% Increase in 
shear stress 

20kN 1.81 32.32 1.76 32.80 2.76 1.48 

30kN 2.72 48.48 2.64 49.20 2.94 1.48 

40kN 3.63 64.64 3.53 65.60 2.75 1.48 

50kN 4.53 80.80 4.41 82.00 2.64 1.48 



From the above 3 tables  it is observed that  on increasing the spacing of the openings the responses are decreased 
revealing that more area is available to resist the shears and deflections. Also the % increase in the shear stresses in all the 
load cases for all the shape of the openings is almost remained the same. 

5. CONCLUSIONS: 

• Simply supported castellated beams with various shapes of web openings under different load conditions for 4m 
span were analyzed for shear failure and it is found that 

 The maximum  decrease in deflection was observed in the castellated beam with hexagonal shaped 
openings with respect to the conventional beam which was 36.25%. 

 The maximum decrease in shear stress was observed in the castellated beam with hexagonal shaped 
openings with respect to the conventional beam which was 11.27%.  

 
• On adding vertical/diagonal stiffeners inside the openings increased the shear carrying capacity of the castellated 

beams better than adding vertical stiffeners in the solid web section of the beam.  But, on adding more vertical 
stiffeners in the solid web portion other than under point loads, the shear stress and deflection values could go 
down by a vast margin and this could possibly become the optimum choice.  

 The maximum decrease in deflection was observed in the castellated beam with hexagonal shaped 
openings with diagonal stiffeners in the openings and was 6.33%.  

 The maximum decrease in shear stress was observed in the castellated beam with hexagonal shaped 
openings with vertical stiffeners in the solid web portion which was 7.04%.  

            Hence, a simply supported hexagonal castellated beam is considered optimum under the effect of stiffeners. 
 

• On increasing the clear distance between the web openings (from 80mm to 100mm), the shear stress deformation 
and deflection of the beams were reduced in comparison with the former case. 

 The maximum average decrease in deflection was observed in the castellated beam with rhombus shaped 
openings with an end to end distance of 100mm when compared with the castellated beam with rhombus 
shaped openings with an end to end distance of 80mm. This value of % decrease was calculated to be 
17.42%. 

 The maximum average decrease in shear stress was observed in the castellated beam with rhombus 
shaped openings with an end to end distance of 100mm when compared with the castellated beam with 
rhombus shaped openings with an end to end distance of 80mm. This value of % decrease was found to 
be 35.41%. 
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Abstract :In this project work the seismic behaviour of multi-storey RC set-back buildings is investigated 
and compared with that of the regular buildings resting on the ground. In the 1st type of set-back buildings, 
a setback is created in the 1st bay and the numbers of bays have been increased from 2 to 4 in x-direction. In 
the 2nd type of set-back  buildings, a setback has been created in 1st bay & 2nd bay and the buildings have 



been analyzed by varying the bays from 2 to 4. Similarly 3rd and 4thtype of set-back buildings with 
appropriate bays are modelled and are analyzed for seismic performance. 

 

Initially, free vibration analysis has been carried out for all the set-back buildings considered in the 
project. The time periods and mode shapes are obtained for all the above set-back buildings. All these 
buildings are analyzed for seismic forces by using seismic coefficient method as per IS 1893 using Staad 
Pro. Finally, the variation of Time period/Frequencies, Beam end forces, Reactions and Base shears for 
various buildings have been reviewed and some conclusions are drawn. 

 

Keywords :plan irregularity, Fundamental Time period, Mass participation, lateral Forces and Base shear. 

 

1. INTRODUCTION : 

 

During an earthquake, failure of a structure starts at points of weakness. This weakness arises due to 
discontinuity in mass, stiffness and geometry of the structure. The structures having this discontinuity are 
termed as irregular structures. Irregular structures contribute a large portion of urban infrastructure. Vertical 
irregularities are one of the major reasons for failures of structures during earthquakes. So, the effect of vertical 
irregularities on the seismic performance of structures becomes really important. A building with irregular 
configuration may be designed to meet all code requirements, but it will not perform well compared to the 
building with a regular configuration. 

As per IS 1893 Part 1,  Linear static analysis of structures can be used for regular structures of limited 
height as in this process lateral forces are calculated as per code based fundamental time period of the structure. 
Linear dynamic analysis is an improvement over linear static analysis, as this analysis produces the effect of the 
higher modes of vibration and the actual distribution of forces in the elastic range in a better way. 

 

2. METHODOLOGY : 

 

Equivalent Static Analysis : 

 

The equivalent static analysis procedure consists of the following steps.  

Step 1 : Compute the fundamental natural period of the structures, using either the approximate formula from 
standard or based on rational analysis. Approximate fundamental natural period of vibration (𝑇𝑇𝑎𝑎 ), in seconds, of 
a moment-resisting frame building is given by (IS 1893, 2002)   

𝑇𝑇𝑎𝑎 = 0.075ℎ0.75for RC framed building without brick infill panels  

𝑇𝑇𝑎𝑎 = 0.09ℎ
√𝑑𝑑

for all other buildings   

Where,   h = Height of the building in m.  



d = Base dimension of the building at ground level in m, along the direction of the lateral force. 
Step 2 : Compute the design horizontal seismic coefficient, Ah using the formula, 

𝐴𝐴ℎ =
𝑍𝑍𝑍𝑍
2𝑅𝑅

�
𝑆𝑆𝑎𝑎
𝑔𝑔
� 

Where,  Z = Zone factor, equal to 0.10, 0.16, 0.24, 0.36 corresponding to seismic zone II, III, IV and V  

 I = Importance factor, equal to either 1.0 (for general buildings) or 1.5 (for important buildings) 

R = Response reduction factor,  ranges from 1.5 to 5  corresponding to least ductile to most ductile building 
system        

𝑆𝑆𝑎𝑎 /g = Spectral acceleration coefficient corresponding to time period computed in Step 1, and damping ratio, ζ   

Step 3 : Compute the design seismic base shear (Vb) by,  

𝑉𝑉𝑏𝑏 = 𝐴𝐴ℎ𝑊𝑊 

Where, W = Seismic weight of the building equal to full dead load plus fraction of live load (25% of live load 
for residential building and 50% of live load for commercial buildings)  

Ah = Design horizontal seismic coefficient.   
Step 4 : Determine the design lateral force on the structure from the design base shear calculated in Step 3 using   

𝑄𝑄𝑖𝑖 = 𝑉𝑉𝑏𝑏
𝑊𝑊𝑖𝑖ℎ𝑖𝑖2

∑ 𝑊𝑊𝑗𝑗ℎ𝑗𝑗2𝑛𝑛
𝑗𝑗=1

 

Where,     

𝑄𝑄𝑖𝑖  = Design lateral force at floor i  

𝑊𝑊𝑖𝑖  = Seismic weight of floor i  

hi  = Height of floor i measured from base  

 n   = Number of storeys in the building   

3.  NUMERICAL STUDY : 

(a) Free Vibration analysis :-  

 

In this project work, several multistory RC Set-back buildings resting on plain ground are 
considered for the study. All these buildings are modeled in Staad Pro. For a better comparative study, 
regular buildings also have been modeled and compared with various set- back buildings resting on plain 
ground. One sample 3D models of the building is shown in Fig. 1(a). Initially, free vibration analysis has 
been carried out to obtain the time periods and frequencies. A sample Table containing Time period, 
Frequency is given in Table 1(a). The fundamental mode shapes of a sample building is shown in Fig. 
1(b). The mass participation factors of a sample building is given in Table in 1(b).      

The buildings are located in seismic zone V. The thickness of the slab is 120 mm. The live load 
is 2 kN/m2. M 20 grade concrete and Fe 415 grade steel are used. 



 

 

 

Fig. 1 (a) – 3D Model of  SB1-Regular Building 

 

 

Fig. 1 (b) – Fundamental Mode Shape of 
SB1-Regular Building 

 

Table 1 (a) - Time Period & Frequency of a SB1-Regular Building 

 

 

 

 

 

Table 1(b)-Mass Partcipation Factor of 

a SB1-Regular Building 

Mode Frequency(cycles/sec) Period(sec) 

1 2.55                0.39        

2 3.03                 0.33 

3 3.65                 0.27       

4 3.74                  0.27    

5 4.20                 0.24      

6 4.98              0.20      

Mode X Y Z Sum - X Sum -Y Sum - Z 

1 0.00   0.00 87.62 0.00 0.00 87.62 

2 0.00 0.00 0.00     0.00 0.00 87.62 

3 82.28 0.00 0.00    82.28    0.00 87.62 

4 0.00 0.00 1.67    82.28     0.00 89.28 

5 0.00 0.00 0.00    82.28   0.00 89.28 

6 1.81   0.00 0.00 84.09    0.00 89.28 



 

 

(b) Seismic Analysis :- 

 

In this study, several multi-storey RC set-back resting on plain ground are analyzed by seismic 
coefficient method as per IS 1893. For a better comparative study, a regular building has also been 
analysed and compared with various set-back buildings resting on plain ground. The beam end force 
summary (i.e. Axial force, Shear force and Bending Moment) and Reactions of 2 storey, 3 storey, 4 
storey and 5 storey regular buildings are found out. The base shear of the buildings are shown in Fig. 
2,3,4 and 5. 

 

 

Fig. 2 Base Shear of SB2- Regular Building 

 

 

Fig. 3 Base Shear of SB2-3 Bay Building 

 

 

Fig. 4  Base Shear of SB2-4 Bay Building 



 

 

Fig. 5 Base Shear of SB2-5 Bay Building 

 

4. Results and discussion : 

 

The variation of time period with number of bays for all set-back buildings SB1, SB2, SB3 and 
SB4 and Regular buildings is found out and a sample graph is shown in Fig.6. The variation of time 
period with number of storeys for regular buildings and set-back buildings is also plotted. Similarly, the 
variation of mass participation factor with number of bays for all set-back buildings SB1, SB2, SB3 and 
SB4 and Regular buildings is found out and also the variation of mass participation factor with number of 
storeys for regular buildings and set-back buildings is also plotted. 

 

 Seismic analysis of previously said set-back buildings has been carried out using seismic 
coefficient method as per IS 1893 in Staad pro. The results obtained from the seismic analysis are 
reviewed. The variation of base shear with number storeys for all regular and set-back buildings is 
plotted.  

 

 

Fig. 6 Variation of Time Period with Number of Bays for SB - 1 
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CONCLUSIONS : 

 

 The performance of set-back buildings during seismic excitation could prove more 

vulnerable compared to regular buildings resting on plain ground. 

 Set-back buildings shows poor performance in the event of an earthquake compared to 

that of regular buildings.   

 It has been observed that the time period has been increased by 118 %, as the number of 

bays &storeys are increasing by 3 levels.  

 It has been observed that mass participation factor decreased by 10 %, as the number of 

bays &storeys are increasing by 3 levels.  

 It has been observed that base shear increased by 243 %, as the number of bays &storeys 

are increasing by 3 levels.   
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Abstract: From the past 10 years, due to drastically change in climate, it was observed that there were very few rains. The 
season also terminates very fast. Hence it has become a challenge for irrigation department to manage water for efficient 
growth of crops. An attempt has been made in finding out necessary measures so as to make the best use of water for good 
yield of crops by using a numerical software tool called Hydrus1-D which models one dimensional flow of water and 
solute particles. The results show that by using this tool, about 40%-50% of the water can be saved by means of effective 
irrigation scheduling. In this study, main emphasis is made on using the Hydrus 1 – D software tool for effective irrigation 
scheduling. The soils taken for this project are chosen from the soil catalog present in the software. Irrigation schedule for 
wheat and cotton crops are developed under different conditions. In all the cases, it is assumed that initially the soil is at its 
field capacity. All the data is collected from weather stations and are transformed to required form. Results are generated in 
graphical form. All the results are analyzed and effective irrigation schedule is prepared for these crops in this project. 
 
Keywords: Field capacity, permanent wilting point, optimum moisture content, irrigation scheduling, soil water storage, 
reference crop evapo-transpiration, crop coefficients. 
 
1. INTRODUCTION  
 India is the second largest country next to China in terms of population. Also the major productivity of the 
country comes from agriculture. From the past five years, the country experiences irregular and insufficient rainfall which 
resulted in decrease in agricultural productivity. Also due to rapid growth of urbanization, many agricultural lands are lost 
due to conversion. If this will continue, by 2020, there is a chance that major part of the country experiences drought and 
famine. There is one more factor that leads to decrease in agricultural productivity, that is, inadequate water supply. This is 
because, not all the agricultural farms are supplied water with canals. As the rains are also not up to the mark, it is very 
essential to expand the irrigated agriculture by proper water utilization management. Water is the most critical input for 
enhancing agricultural productivity, and therefore expansion of irrigation has been a key strategy in the development of 
agriculture in the country. India’s irrigation potential has increased from 22.6 mha in 1951 to about 90 mha at the end of 
1995. It is estimated that even after achieving the full irrigation potential, nearly 50 percent of the total cultivated area will 
remain rain fed. Since 50 percent of cultivated area rely completely on rain, as there are no proper rains in the country in 
the past 5 years, these areas must be also provided good quality water by means of irrigation. Therefore, proper water 
management is necessary. 

In India, people living in majority of the villages due to lack of proper awareness and due to high cost of 
equipment, follow over flooding or inundation method of irrigation. In earlier days, due to eco-friendly environment, the 
excess water that penetrates deeper than the root zone depth and horizontal seepage of water served the purpose of ground-
water-recharge. The land was also free from contaminants such as leachates, industrial wastes, chemical fertilizers, etc. 
The population is also less in earlier days and there were large quantities of resources present. At present, due to polluted 
environment, the excess water that penetrates deeper below the root zone depth carries along with it toxic substances such 
as chemicals present in fertilizers and contaminates the rest of water present below ground water-table thus making large 
quantities of water unfit to use. The share of water use other than for agriculture was only 13 percent in 1985, which is 
likely to become 27 percent by 2025. Such a fast growth of water need in the face of emerging supply constraints is likely 
to result in a wide supply gap for irrigation water in the near future. 



Field application efficiency is defined as the ratio of depth of water applied to field to the depth of water actually 
stored in root zone of the crop. It gives the fraction of water that is effectively utilized by the plants. In general, due to the 
implementation of traditional practices in irrigation, the field application efficiency is very low (i.e., 55% to 65%). Major 
portion of the water is lost due to runoff and deep percolation. It is necessary to prevent these water from being lost and 
help increase in irrigated agriculture. 

2.  STUDY AREA DETAILS 

 The weather stations at a region record data corresponding to that region such as precipitation(mm/day), relative 
humidity(fraction), solar radiation (MJm-2day-1), maximum daily temperature(oC) and minimum daily temperature(oC). 
Hence the study area must be chosen in such a way such that there must be at least one weather station near to that area. 
Based on the above mentioned criteria, study region is chosen near to Alur village located at Mahaboobnagar district. 
Geographically this lies between the Longitudes of 78.1083oW  to78.1437oEand Latitudes of 16.7299oN to 16.6891oS. 
 
3. PARTITIONING OF CROP EVAPOTRANSPIRATION INTO EVAPORATION AND TRANSPIRATION 
COMPONENTS   

Reference crop evapo-transpiration: It is the evapo-transpiration from the reference surface. The reference surface is a 
hypothetical grass reference crop with an assumed crop height of 0.12m, a fixed surface resistance of 70 s/m and an albedo 
of 0.23. It is represented by ETo 

Albedo: It means that the fraction of incident solar radiation that is being reflected back in to space. 

By Hargreaves method, reference crop evapo-transpiration is calculated as 

ETo = 0.0023 RA TD
0.5 (Tm + 17.8) 

RA ----- extra terrestrial radiation (mm/day) 
TD ------ difference between maximum and minimum temperatures (oC) 
Tm ------ mean temperature (oC)  
RA(mm/day) = RA(MJm-2day-1)/2.45 

Crop evapotranspiration(ETc) = Kc (ETo) 

Kc -------- Single crop co-efficient. 

The value of Kc varies with the development of crop. The different growth stages of crop in general are shown below along 
with variation in Kc. 

 

Figure 1: Kc variation with crop growth. 

Table 1: Crop growth stages and their duration. 

Crop  Developmental stages with duration (days) 
---  Initial  Development Mid phase  Late season Total 

Wheat  15  25 50  30 120 
Cotton  25  40 50  45 160 

 

Table 2: Single crop coefficient values. 

Crop                                          Kc Values  
---   Initial   Development Mid phase   Late season  End   



         
Wheat   0.7   Varies 

Lineraly 
1.15   Varies 

Lineraly 
0.3   

         
cotton   0.35   Varies 

Lineraly 
1.17   Varies 

Lineraly 
0.6   

 

Table 3: Crop transpiration coefficients. 

Crop Kcb Values 

     --- Initial Development Mid phase Late season End 

Wheat 0.3 Varies linearly 1.10 Varies linearly 0.2 

Cotton 0.15 Varies linearly 1.12 Varies linearly 0.45 

 

          Now we have Kc = Kcb + Ke 

Kcb ---- transpiration co-efficient. 

Ke ---- evaporation co-efficient. 

         Now, Crop evaporation = Ke (ETc) 

          Crop transpiration = Kcb (ETc) 

Ke = Kc – Kcb 

4.  METHODOLOGY IMPLEMENTED 

           Crop type and the soil in which it is grown is selected and information regarding root zone depth is obtained. Daily 
data such as precipitation, solar radiation, temperature data, etc for the region selected is collected for the entire crop 
period. The soil properties such as field capacity, permanent wilting point, permeability and specific gravity are noted. All 
the settings in the software are adjusted in proper way. The settings include iteration criteria, time- step boundary condition 
and time – variable boundary conditions. All the data derived such as precipitation, transpiration and evaporation are 
entered in to the Hydrus software.  Initially the soil moisture content is kept at field capacity. Hydrus 1 – D is executed . 
After execution, output files are generated. From these output files, soil moisture variation with duration can be read. The 
day on which the moisture content drops below Optimal Moisture content, irrigation is applied. The amount of water that 
has to be applied during irrigation in order to increase the soil moisture to field capacity has to be calculated.  

Amount of water to be applied = 𝑑𝑑∗(𝐹𝐹.𝐶𝐶−𝑂𝑂.𝑀𝑀.𝐶𝐶)∗𝛾𝛾s
𝛾𝛾𝑤𝑤

 

d ---- root zone depth (cm)  

γs ---- density of soil solids  

γw ---- density of water  

 

 

5.  RESULTS  

By implementing the previous procedure, irrigation scheduling is done and is as given below: 

Table 4: Irrigation schedule for wheat in Sandy clay loam soil. 

Day Depth of water to be applied (cm) 

1 0(Initially soil is at field capacity) 



36 10 

56 10 

75 10 

96 09 

 

 

 

 

Figure 2: Soil water storage variations after subsequent irrigations. 

Similar procedure is implemented for various cases and the effective irrigation schedule is prepared. These are listed 
below. 

Table 5: Irrigation schedule for wheat crop grown in Silty clay loam soil. 

Day Depth of water to be applied (cm) 

1 0(Initially soil is at field capacity) 

41 22 

69 22 

82 22 

92 22 

104 22 

 

Since Silty clay loam soils are fine grained, runoff is more in those soils. Another attempt has been made by applying 
water in small amounts say 5cm with interval of10 days. It is observed that soil water storage has increased 
considerably than the previous case. 



 

(a) Large depths of water applied less frequently.             (b) Small depths of water applied more frequently. 

Figure 3: Comparison between large depth irrigation and more frequent irrigation in Silty clay loam soil. 

 

Table 6: Irrigation schedule for cotton crop in Sandy clay loam soil without considering precipitation. 

Day Depth of water to be applied (cm) 

1 0(Initially soil is at field capacity) 

4 3 

13 3 

22 5 

34 5 

56 5 

91 8 

118 10 

 

6.  COMPARISION WITH TRADITIONAL METHODS 

• For wheat crop, traditional methods show total water application depth varies between 45cm – 65 cm.Hydrus 
generated results show depth of 35cm-40cm.(65% of traditional method)  

• For cotton crop, traditional methods show a total depth of about 70cm – 130cm.  Hydrus generated results show 
depth of 20cm – 40cm.(57% of traditional)  
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Abstract: In our country traffic flow is heterogeneous which is affected by various traffic characteristics such as driver 
behavior and prevailing conditions of road geometrics. Most of the Signalized intersections are often experienced for delay 
and congestion by the road users. This is because of non-lane based vehicular flow in the traffic stream, varying pavement 
width and driver characteristics. Improved traffic flow and signal has considerable impact on fuel consumption, safety and 
comfort of driver. Headway is predominant parameter in determination of traffic signals time. Evaluation of traffic signal 
which is the important parameter is achieved through measurement of vehicular delay and estimation of level of service 
(LOS). In urban scenario the land use pattern has considerable impact on traffic conditions which further influence the 
operation efficiency of the intersection.  
In the present study an attempt is made to analyze the headway behavior of different vehicular composition in the traffic 
stream at signalized intersection which is evaluated through estimation of control delay and level of service. Estimation of 

RE 

 
RE 

 



control delay was carried in the field in accordance with Highway Capacity Manual 2000 and compared for arriving level 
of service criteria for Indian traffic conditions. Two intersections were selected in the city as Fathenagar and Bowenpally 
for the study. Signal time, headway and Level of Service were determined which was modeled in simulation software 
(VISSIM 5.4). Fathenagar intersection was designed for cycle time of 163 seconds with an average delay of 64.95 seconds. 
Bowenpally intersection was designed for cycle time of 161 seconds with an average delay of 49.05 seconds. The two 
intersections presently have Level of Service of ‘E’ and ‘C’. Improvement in the existing sections was achived through 
lane prioritization at Fathenagar and Bowenpally Intersection. Delay and Level of Service was improved. It was observed 
from simulation results that Fathenagar and Bowenpally Intersections has improved its Level of Service (LOS)from ‘E’ to 
‘C’ and ‘C’ to ‘B’ 
 
Key Words: Level of Service (LOS), Passenger Car Unit (PCU), Delay and Gap characteristics. 
 
1.0 INTRODUCTION: 
Urbanization is the physical growth of urban areas as a result of global economy. This is mainly due to industrialization 
where commuters shift from rural to urban areas for want of better living standards. Hyderabad is one of the sixth 
metropolitan cities which possess diversified traffic characteristics. Traffic flow characteristics include speed of vehicles, 
their concentration and density. These are governed by factors attributable to road features, vehicle performance 
characteristics and road user behavior. The city comprises of heterogeneous traffic with two- wheeler, three – wheelers, 
four- wheeler etc. as a leading percentages in mode share. The area of the Hyderabad Metropolitan Region has increased 
manifold to 6,852 sq. km. Hence, there is need to have a fresh look on traffic & transportation issues.  

 
1.1 Objectives of study 
The objective of this study is to study the potential improvements on traffic operations at selected sections of signalized 
intersection that serve for motorized mode of transportation. A methodology is proposed to reach a desired equilibrium 
between delays and travel time for estimation of LOS for road users at the intersections.  

a) Collect and process real-world traffic data on the selected study area 
b) Develop and calibrate a computer model of the study area in VISSIM 5.4, microscopic simulator software.  
c) Plan signal time that for estimation of vehicular delay and LOS at signalized intersections. 
d) To evaluate delay and estimate LOS of existing and improved section by microscopic simulation technique.  

2.0 LITERATURE REVIEW 
In order to achieve a clear knowledge in the field of Level of service at signalized intersections and simulation models, 

a literature review was performed. Large numbers of studies have been conducted globally for developing pavement 
performance models.  

Akcelik(2009) have developed new expressions for delay, queue length at traffic signals operating in a fixed time 
mode so as to provide simple working modes to predict traffic operating characteristics in both under saturated and 
temporarily oversaturated conditions. A major contribution of this paper is considered to be presenting expressions to 
predict the stop rate at traffic signals. Abhishai et al (2010) has stated that the level of service of a bus line is evaluated by 
its operational characteristics, particularly by the ratio between average bus travel time on a given route and the average 
passenger car travel time on the shortest distance between the origin and the destination of the bus in question. It is shown 
that the level-of-service measure may be predicted by such independent variables as route length, average distance between 
bus stations, number of signalized and un-signalized intersections and the ratio between such intersections. Werner et al 
(2012) conducted many different methods for the estimation of critical gaps at un-signalized intersections in the 
international literature. These methods are described the characteristic properties. For comparison purpose, a set of quality 
criteria has been formulated by which the usefulness of the different methods can be assessed. This is the objective that the 
results of the estimation process should not depend on traffic volume.Yancang et al (2014) stated that urban road 
intersections are bottle-necks of urban road networks, and the traffic organization optimization of intersections is the crux 
to relieve urban traffic jam. After analyzing the features, applicable conditions and functions of the intersection 
channelization design, the basic procedures based on traffic survey, channelization design of the intersections and 
assessment of channelization plan were finished. Then, the simulation model of the intersection was set up by VISSIM in 
consideration of problems at a large intersection in a city. Parameters comparison and simulation analysis show that proper 
measures of channelization at intersections can significantly improve their traffic capacity. 
 
3.0 METHODOLOGY: 
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Figure 1 Methodology adopted for Study      

 
 
4.0   DATA COLLECION 
4. 1 Selection of Study Area 
Study area is located on NH – 65 (old NH-9) corridor passing through Fathenagar Intersection. This is a three-legged 
intersection without on-street parking facilities. The second intersection is Bowenpally intersection located in the corridor 
of NH-44(Old NH 7). 
 
Data extraction includes classified volume count, turning movements and headway which were collected through Video 
graphic survey at the intresctions. 
 

  
  Figure 2 Fathenagar Intersection    Figure 3 Bowenpally Intersection                                                
 
4.1 Traffic Flow Characteristics 
The classified turning movement count at Fathenagar and Bowenpally intersections are converted to equivalent Car units 
using Passenger Car Unit factors for each mode of traffic.  IRC: 106-1990 provides Equivalent PCU factors.  

 
 5.0 RESULTS AND DISCUSSION 

5.1 Improvements at Fathenagar Intersection 
The peak hour volume is taken into consideration for the signal design; the vehicles are classified into various categories or 
classes. Table 1 provides peak hour data of fathenagar intersection. 
  
Table 1 Peak hour data at Fathenagar Intersection on Friday from 7pm to 8pm 

DIRECTION 
FAST MOVING VEHICLES 

Two 
Wheeler 

Three 
Wheeler 

Car/Jeep/ 
Van Bus LCV TRUCK 

BWP-BWP 35 16 4 0 9 0 
BWP-FTH 824 311 401 1 44 3 
BWP-BAL 2679 195 749 161 201 28 
FTH-BWP 849 109 242 7 75 10 

Data Collection& Compilation 

Signal Design & Gap Chracterstics 

Simulation Approach 

   

Existing Section  

                Conclusions 

Pritotizealternative  Sections 



 
BWP indicates Bowenpally; BAL indicates Balanagar; FTH indicates Fathenagar 
 
The peak hour volume observed  atFathenagar Intersection  is 15, 639 veh / hr. The composition of 2-wheelers is 10, 257, 3 
– wheelers is  1335, Passenger car is 2658, bus is 307, LCV is 916 and truck is 69.3 The corresponding mode split 
observations & hourly flow is represented from figure  4 
 

Figure 4 Hourly traffic flow & Mode split at Fathenagar Intersection 
 

5.1.1 Signal 
Design at 

Fathenagar 
Intersection 
Traffic Signal 
is designed 
and 
improvement 
are suggested 
for improving 
capacity 
existing of 
Fathenagar 
Intersection 
and is shown 

in figure5 along with its peak hour volume 
 

 
Figure 5 Fathenagar Intersection 

Signal design is designed with the headway of 2.5 seconds which is obtained from field study.  
A cycle time of 163 seconds is arrived. The effective green time is calculated as below  
 
The effective green time can be found out as Gi=163- (2+2.5x3) = 153.5 sec 
Vi= 1278 veh/hr ; Si= 3600/2.5= 1333 veh/hr  
Green splitting time for phase1 g1 = 153.5x (1278x0.5)/ 1333 = 76.5 sec 
Green splitting time for phase2 g2 = 153.5x (1278x0.3)/ 1333 = 47.1 sec 
Green splitting time for phase3 g3 = 153.5x (1278x0.5)/ 1333 = 32.4 sec 
Actual green time for phase1 tt1= 76.5-2.5+2=76 sec  
Actual green time for phase1 tt2= 47.1-2.5+2=46.6 sec=47 sec  
Actual green time for phase1 tt3= 32.4-2.5+2=31.9 sec=32 sec  
 
Phase 1 
0                                                                                                                                                                         163 s  

   

FTH-FTH 11 5 4 0 4 0 
FTH-BAL 1464 253 291 9 165 3 
BAL-BWP 2871 202 650 125 207 18 
BAL-FTH 1432 236 303 4 201 5 
BAL-BAL 92 8 14 0 10 2 

 
 

 

 

 



                  76 s                                                           2.5 s                                      84.5 s 
Phase 2 
0                                                                                                                                                                         163 s 

    

                                 78.5 s                                                                              47 s               2.5 s            35 s 
Phase 3  
0                                                                                                                                                                         163 s  

   

                                                   128 s                                                                                            32 s              2.5 s 
From the design it we have evaluated for delay characteristics and is used in determination of level of service.  
Simulation is carried at Fathenagar Intersection with & without providing priority and is found that the delays are reduced 
from 202.5 sec to 11.2 sec and is represented in table 3 
 
Table 3 Simulation results without prioritization at Fathenagar Intersection 

 
 
 
 
 
 
 
 
 
 
 

 
It is observed from the table that the link 8 – 9 (i.e.) Fathenagar to Balanagar  has the delay of 202.5s due to conflict area 
between motorists from Fathenagar to Balanagar and Fathenagar to Bowenpally. This has improved with traffic lane 
prioritization from Balanagar to Bowenpally achieved through channelization for improving delay and LOS and its results 
is observed in table 4 
 
Table4 Simulation results with prioritization at Fathenagar Intersection 

From 
link To link Average Queue 

length 
Delay 
Time 

Max queue 
length 

Stopped delay (all 
Veh types) 

1 1 54.9 52.5 128.2 47.0 
2 3 0.0 9.1 0.0 0.0 
4 5 79.0 118.2 118.7 105.2 
6 7 87.3 186.0 116.2 167.3 
8 9 0.0 11.2 0.0 0.0 

10 10 0.0 12.8 0.0 0.0 
0 0 36.9 35.3 128.2 24.4 
0 0 36.9 35.3 128.2 24.4 

 
Table 4 shows the improvement in delay from 202.5 s to 11.2 s due to channelization of left turns and straight turns and a 
few of the lanes were less prioritized or un-prioritized because of non availability of road space. For such conditions the 
lane width should be increased in order to improve the section. 
 
5.2 Improvements at  Bowenpally Intersection 
The peak hour volume considered for the signal design and is observed on Friday during 7 to 8 PM. Direction wise data 
collected through video recording is shown in table 5  
 
Table 5 Peak hour data at Bowenpally Intersection on Friday from 7pm to 8pm 

From 
link To link Delay 

Time 
Average 

Queue length 
Max queue 

length 
Stopped Delay 
(all veh types) 

1 1 52.5 54.9 128.2 47.0 
2 3 56.5 50.8 122.1 44.7 
4 5 118.2 79.0 118.7 105.2 
6 7 186.0 87.3 116.2 167.3 
8 9 202.5 90.3 113.9 181.2 

10 10 124.0 81.3 118.0 107.3 
0 0 101.6 74.0 128.2 88.8 
0 0 101.6 74.0 128.2 88.8 

 
DIRECTION 

FAST MOVING VEHICLES 
Two 

Wheeler 
Auto 

Rickshaw 
Car/Jeep/ 

Van Bus LCV TRUCK 

BWP-BWP 35 16 4 0 9 0 
BWP-SEC 824 311 401 1 44 3 
BWP-BAL 2679 195 749 161 201 28 
SEC-BWP 849 109 242 7 75 10 
SEC-SEC 11 5 4 0 4 0 



*BWP indicates Bowenpally; BAL indicates Balanagar; SEC indicates Secunderabad 
 
The peak hour volume is observed as 8348 at  Balanagar Intersection having 2-wheelers volume as 5052, three wheeler as 
323, passenger car as 1337, bus as 242, LCV as  235 and truck as 60 veh /hr. The corresponding mode split and peak hour 
volume is shown in figure 6 
 

 

Figure 6 Hourly traffic flow & Mode split at Bowenpally Intersection 
It is observed from the above figure 5 that 2-wheeler constitute major share of traffic. 
 
5.2.1 Signal Design at Bowenpally Intersection 
Traffic Signal is provided to improve the capacity and provide safety with orderly movement                                                                                                                                                                            
in traffic. Flow representation of Bowenpally Intersection is shown in figure 7 along with its volume in peak hour. 

 
Figure 7 Bowenpally Intersection 

Signal design is carried with the headway of 2.5 seconds. A cycle time of 161 seconds is arrived. The effective green time 
is calculated as below  
 
The effective green time be found out as tti= 161-(3×2) = 155 seconds 
Where L is the lost time for that phase = (3×2) 
Green splitting for the phase 1 can be found out as g1 =65.5seconds 
Green splitting for the phase 1 can be found out as g2 = 39.5 seconds 
Green splitting for the phase 1 can be found out as g3 = 51.5seconds 
Actual green time for phase 1 tt1 =65.5-2.5+2= 65 seconds 
Actual green time for phase 2 tt2 = 39.5-2.5+2=39 seconds 

SEC-BAL 1464 253 291 9 165 3 
BAL-BWP 2871 202 650 125 207 18 
BAL-SEC 1432 236 303 4 201 5 
BAL-BAL 92 8 14 0 10 2 
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Actual green time for phase 3 tt 3 = 51.5-2.5+2=51 seconds 
 
Phase 1   
0                                                                                                                                                                         161 s                      

   

                           65 s                              2.5 s                                  93.5 s 
Phase 2 
0                                                                                                                                                                         161 s 

    

                          67.5 s                                                        39 s                    2.5 s                       52 s 
Phase 3 
0                                                                                                                                                                         161 s 

   

                                                     109 s                                                                                    51 s                    2.5 s 
 
From the design it is evaluated for delay characteristics for estimation of level of service.   VISSIM is used for evaluation 
of delay, queue length and level of service. 
 
Simulation is carried at Bowenpally Intersection with & without providing priority and is found that the delays are reduced 
from 65.7 sec to 7.9 sec and is shown in table 6  
 
Table 6 Simulation results without prioritization at Bowenpally Intersection 
 
 
 
 
 
 
 
 
 
 
 
 
It is observed from the table 6 that the link 9 – 10 (i.e.) Secunderbad to Balanagar  has the delay of 65.7s due to conflict 
area between motorists from Secunderabad to Balanagar and Secunderabad to Bowenpally. This is improved through 
prioritization of Balanagar to Secunderabad approach. Simulation results is shown in table 7        
 
Table 7 Simulation results with prioritization at Bowenpally Intersection 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7 shows that there is improvement in delay from 65.7 s to7.9 s which is arrived due to channelization of left turns.  
 
5.4 Level of Service  
Delay parameters are used to estimate LOS as HCM 2000. The level of service with and with prioritizations at the two 
study locations are enumerated in the below table 8 & 9 
 
 
 
 
 

From 
link To link Average 

Queue length 
Delay 
Time 

Max queue 
length 

Stopped delay(all 
veh types) 

1 4 42.0 58.4 78.3 50.2 
2 3 30.7 45.6 77.5 39.3 
5 6 109.3 189.9 142.0 172.3 
7 8 13.7 35.0 86.2 28.3 
9 10 46.1 65.7 88.5 56.4 

11 11 0.0 7.7 0.0 0.0 
0 0 40.3 49.3 142.0 40.8 
0 0 40.3 49.3 142.0 40.8 

From 
link To link 

Average 
Queue 
Length 

Delay 
Time 

Max queue 
length 

Stopped 
delay(all veh 

types) 
1 4 42 58.4 78.3 50.2 
2 3 0.0 1.4 0.0 0.0 
5 6 109.3 189.9 142.0 172.3 
7 8 13.7 35.0 86.2 28.3 
9 10 0.0 7.9 0.0 0.0 

11 11 0.0 7.7 0.0 0.0 
0 0 27.5 28.3 142.0 20.8 
0 0 27.5 28.3 142.0 20.8 



 
Table 8 Level of Service at the Fathenagar Intersection without & With Prioritization 

Name of the 
Intersection 

Approach 
Delay 

(Sec’s) 

Aggregate delay 
(Sec’s) 

LOS 

Fathenagar 

From Bowenpally 54.35 

123.235 E From Fathenagar 194.25 

From Balanagar 121.1 

Bowenpally 

From Bowenpally 52 

67.05 C From Secunderabad 50.35 

From Balanagar 98.8 

 
Table 9 Level of Service at the Fathenagar Intersection with prioritization 

Name of the 
Intersection Approach 

Delay 

(Sec’s) 

Aggregate delay 
(Sec’s) LOS 

Fathenagar 

From Bowenpally 30.8 

64.95 C From Fathenagar 98.6 

From Balanagar 65.5 

 

Bowenpally 

From Bowenpally 29.9 

49.05 B From Secunderabad 21.45 

From Balanagar 98.8 

 
 
From the table 8 &9  it is inferred that the Level of Service for Fathenagar Intersection has improved from E to C because 
of the channelization of the left turns and straight flows. Also Level of Service for Bowenpally Intersection has improved 
from C to B because of the channelization of the left turn. As one of the approaches from Balanagar to Bowenpally is 
already prioritized with prioritization the other approaches will help in improvement of Level of Service. 
 

6.0   CONCLUSIONS  
 Fathenagar Intersection 

a) Vehicular volume was found to be highest at Fathenagar ‘T’ legged intersection on Friday with a total volume of 
15,639veh/hr.  

b) The peak hour flow was observed on Friday at 7PM to 8PM. 
c) 2 –wheeler has highest mode share composition of 66% during the peak hour.   
d) The intersection is designed for a 3pahse signal an optimum cycle time of 163 sec. Effective green time for 

Phase1, Phase2 & Phase 3 are 82, 24 & 48 sec.  
e) Level of Service for Fathenagar intersection has improved from E to C 

 
Conclusion for Bowenpally Intersection 

a) Vehicular volume was found to be highest at Bowenpally Intersection on Friday with a total traffic volume of 
8348 veh/hr. 

b) The peak hour flow is observed at 7PM to 8PM. 
c) 2-wheelers have highest mode share composition of 65% during the peak hour. 
d) The intersection is designed for a 3pahse signal an optimum cycle time of 161 sec. Effective green time for 

Phase1, Phase2, Phase 3& Phase 4 are 60, 62, 36 & 30 sec.  
e) Level of Service for Bowenpally intersection has improved from C to B 
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Abstract :Due to industrialization and growing population, numbers of vehicles used are increasing. Increase in number of 
vehicles is producing large amounts of pollution into air. Pollution leads to different types of diseases that are harmful to 
human health. It also leads to increase in amounts of carbon dioxide in air which is not suitable to human life. Sulphur 
dioxide is released when any organic matter is burned. Sulphur dioxide causes several diseases like asthma etc,. Nitrogen 
dioxide is also released into air. 
                        In order to overcome this problem, there is a need to purify surrounding air which is possible by an air 
purifier. We designed an eco-friendly indoor air purifier to reduce concentrations of sulphur dioxide, carbon dioxide and  
nitrogen dioxide. 
 
1.INTRODUCTION : 
 
    In  India,  pollution  has  become a great topic of  debate at  all  levels and especially the air pollution because of  the 
enhanced  anthropogenic  activities such as  burning fossil fuels, i.e. natural gas, coal and  oil-to power industrial  
processes and motor vehicles. Among the harmful chemical compounds, this burning puts into the atmosphere, are carbon 
dioxide (CO2), carbon monoxide (CO), nitrogen oxides (NOx), sulphur dioxide (SO2), and tiny solid particles-including 
lead from  gasoline additives-called  particulates.  
 
                      In India, air pollution is restricted mostly to urban areas, where automobiles are the major contributors, and 
to a few other areas with a concentration of industries and thermal power plants. Apart from rapid industrialization, 
urbanization has resulted in the emergence of industrial centers without a corresponding growth in civic amenities and 
pollution control mechanisms. In most of the 23 Indian cities with a million-plus population, air pollution levels exceed 
World Health Organization’s (WHO) recommended health standards. In every city, the levels are getting worse because of 
rapid industrialization, growing number of vehicles, energy consumption, and burning of wastes. Several cities face severe 
air pollution problems, with annual average levels of total suspended particulates (TSP) at least three times as high as the 
WHO standards. A study conducted by the World Bank indicates premature deaths of people in Delhi owing to high levels 
of air pollution (Review of air quality management system in India). 
 
 
2.METHODOLOGY : 
 
(a). PROBLEM IDENTIFICATION 
 
In general low levels of SO2 are observed in residential and industrial areas in Hyderabad. Low and moderate levels of 
NO2 are observed in Hyderabad. High levels of these pollutants were observed in residential areas of Hyderabad during 
many years. 
 
 
 
(b). IDENTIFICATION OF PARAMETERS 
 

• Carbondioxide 
• Nitrogendioxide 
• Sulphurdioxide 

 
 
(c). SELECTION OF ECO-FRIENDLY MATERIALS 
 
 

Table 2.1.Absorbing media for different parameters 
Parameters  Eco-friendly absorbing media  

CO2 Activated carbon 



NO2 Activated carbon 

 

 

SO2 

Neem bark powder 

Mango bark powder 

Neem leaf powder 

Orange peel powder 

 
 
 
(d). DESIGN OF ECO-FRIENDLY AIR PURIFIER 

Specifications : 

 Body – Wood (Novopan) 
 Exhaust Fan –  

            Volts 230 AC : 50Hz 1Phase      

             2800Rpm 

Sweep : 150 mm 

 Filters –  Natural fiber    (Jute) 
 

(e). FABRICTION OF AIR PURIFIER                                     Fig.2.1. Work flow of air purifier 

Step 1: Select the material for the body of air purifier (wood-Novopan). 

Step 2: Cuboid shaped box with five side openings is designed in order to place the filters at four sides for inlet purpose 
and one for insertion of suction fan of 2800rpm speed.  

Step 3: Filters are made with both natural and artificial fibers in order to compare the efficiency between the natural and 
artificial materials. Natural fiber named Jute is used and artificial fiber named Polymer is used. The dimensions of the 
filters are given below: 

Step 4: Filters are divided into three horizontal compartments in order to the absorbing material in increasing order as the 
suction pressure varies with the distance from the fan. 

Step 5: Insert absorption material in the filters. 

Step 6: Attach male part of Velcro to the four openings of inlet and female to the filters (Both natural and artificial). 

Step 7: Attacha suction fan to the body of the purifier at to opening provided for the insertion. Fix it tightly in such a way 
that the body should not vibrate while its working. 

Step 8: Attach filters to the purifier and measure the concentrations of pollutants at inlet and outlet. Tabulate the values. 

Step 9: Repeat the procedure of measuring concentrations of pollutants with varying sizes of absorbing materials and 
interchanging the filters with natural and artificial. 
 

(f). TESTING OF AIRPURIFIER 

Table 2.2. Instruments used for testing selected parameters 



Parameters Instruments used for testing 

SO2 Respirable Dust Sampler And Filter Paper , Spectrophotometer 

NO2 Respirable Dust Sampler And Filter Paper , Spectrophotometer 

CO2 Handheld carbon monoxide and carbon dioxide gas analyzer 

 

3. RESULTS AND ANALYSIS 

Table 3.1. Sieve sizes used for absorbing media 

MATERIALS USED SIZES 

 

 

Neem bark powder 

<1.18 mm 

1.18-2.36mm 

2.36-4.75mm 

>4.75mm 

 

 

Mango bark powder 

<1.18 mm 

1.18-2.36mm 

2.36-4.75mm 

>4.75mm 

 

 

Neem leaf powder 

<300 microns 

300-425 microns 

425-600 microns 

>600 microns 

 

 

Orange peel powder 

<1.18 mm 

1.18-2.36mm 

2.36-4.75mm 

>4.75mm 

 

 

Activated carbon for carbon dioxide 

<1.18 mm 

1.18-2.36mm 

2.36-4.75mm 

>4.75mm 

 

 

Activated carbon for nitrogen dioxide 

<1.18 mm 

1.18-2.36mm 

2.36-4.75mm 



>4.75mm 

 
 

Table 3.2. Efficiencies of  Neem bark filters  for SO2 filters at different locations 

Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 89.8 88.6 90.2 90 90 89.72 

1.18-2.36 71.1 78.1 78 78 78.8 76.8 

2.36-4.75 64.2 69.2 70 66 72 68.28 

>4.75 53.8 51.6 57 57.7 54.8 54.98 

Table 3.3. Efficiencies of Mango bark filters for SO2 filters at different locations 

Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 95 95.09 95.1 94.5 94 94.73 

1.18-2.36 83.4 88.67 85.1 82.08 84.8 84.8 

2.36-4.75 73.07 75.3 71.06 75 72 73.2 

>4.75 64.8 68.6 63.19 61.25 68.8 65.32 

Table 3.4 Efficiencies of Neem leaf filters for SO2 filters at different locations 

Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 85.3 88.6 85.1 84.7 84.8 85.7 

1.18-2.36 71.9 74.3 74.4 71.6 73.4 73.12 

2.36-4.75 67.3 67.3 63.1 64.5 64.8 65.4 

>4.75 53.8 53.5 47.6 50 53.4 51.66 

Table 3.5. Efficiencies of Orange peel filters for SO2 filters at different locations 

Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 91.7 91.8 92.3 92.5 91.4 91.94 

1.18-2.36 81.5 80 78.7 82.7 82 80.98 

2.36-4.75 70 71.6 72.3 71.6 70.8 71.2 

>4.75 59 57.9 63.1 62.5 60.7 60.64 

Table 3.6. Efficiencies of Activated carbon for NO2 filters at different locations 



Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 85.7 85.9 86.1 86.04 85.7 85.88 

1.18-2.36 75.8 74.8 73.71 75.6 72.7 74.52 

2.36-4.75 64.9 64.9 62.11 66 67 63.8 

>4.75 53.2 55.8 54.7 54 55.6 54.66 

Table 3.7. Efficiencies of Activated carbon for CO2 filters at different locations 

Sieve size(mm) Balanagar Jeedimetla Zoo 
park 

MGBS JNTU Average 
Efficiencies 

(%) 

<1.18 84.9 84..8 79 89 85.5 85.55 

1.18-2.36 74.4 74.5 63.3 81.7 75 73.64 

2.36-4.75 64.9 64.3 47.3 74.5 65.1 63.22 

>4.75 60.4 54.1 38.5 75.7 55 56.74 

 

 

4. CONCLUSION 

• Using this air purifier,we noticed that mango bark and orange peel powder are most efficiently reducing the 
concentrations of SO2 among neem leaf,neembark,mango bark and orange peel powder. 

• Activated carbon reduced the concentration of CO2 and NO2 with an efficiency of 85% (approx). 

OVERALL EFFICIENCY OF ABSORBING MATERIALS 

 

Fig 4.1: Graph Depicting Overall Efficiency Of Absorbing Materials 
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Abstract: Remote sensing technology in combination with geographic information system (GIS) can render reliable 
information on vegetation cover. The analysis of the spatial extent and temporal change of vegetation cover using remotely 
sensed data is of critical importance to agricultural sciences. NDVI – a spectral index namely Normalized Difference 
Vegetation Index is an emerging technique from Remote Sensing and GIS technology to detect spatio -  temporal change 
in vegetation cover for micro regions on earth. The analysis of spatio – temporal change in vegetation cover and its density 
has a greater significance in taxonomy and understanding the overall nature of biodiversity with response to recent climatic 
changes.  
 
This project analyses the spatio – temporal change and adopted NDVI taxonomy in a micro region like Visakhapatnam 
district in the north eastern part of Andhra Pradesh state. For this study, Landsat images (TM) of 2011 to 2008were used. 
For reorganisation of vegetation reflectance, layer stacking of band 4 and 3 (false colour composite) for TM and were 
performed. The images were then classified into dense shrubs, less dense shrubs, crop lands / grasslands, built up area, bare 
surface and water body. Supervised classification was done and maximum likelihood operation was performed to generate 
vegetation cover maps. Afterwards, vegetation cover maps of 2011 to 2009were crossed to generate the map of change of 
vegetation cover for the respective dates and to find out the changing pattern of the vegetation cover. 
 



In addition, the use of spectral vegetation index, namely the Normalized Difference Vegetation Index (NDVI) was applied 
to detect areas of vegetation cover decrease. The study then reveals that vegetation cover of the area has changed 
significantly during 2011 and 2008. 
 
 
Keywords: Remote Sensing, NDVI, vegetation cover monitoring, landuselandcover change 
 
1. INTRODUCTION  
 Vegetation in a place is sometimes synonymous to presence of nature in the predominantly man-made 
environment. Vegetation is an important point for sustainable development, environmental conservation and urban 
planning process of a city. In an area various practices are responsible for destruction of vegetation such as construction 
and infrastructure development .Major types of vegetation cover in an area are botanical gardens, homestead gardens, 
public parks, and vegetation around government offices, graveyard and playgrounds. Vegetation in a city can be efficiently 
visualized and explained using modern technology like Remote Sensing and GIS. 
 

The NDVI index is one of the most important indicators employed to detect Vegetation coverage for different 
periods and in specific areas by using remote sensing technique. The use of the NDVI index significantly aims to detect 
land cover change caused by human activities such as construction and development, as well as to analyse spatio-temporal 
changes of vegetation coverage. The NDVI can be computed by combining the Red and NIR bands of a sensor system. 
The concept of the NDVI technique is based on the principle that healthy vegetation has low reflectance rates of the 
electromagnetic spectrum's visible side because of chlorophyll.  
 
2.LITERATURE REVIEW 

A Vegetation Index (VI) is a spectral transformation of two or more bands designed to enhance the contribution 
of vegetation properties and allow reliable spatial and temporal inter-comparisons of terrestrial photosynthetic activity and 
canopy structural variations. 
There are many Vegetation Indices (VIs), with many being functionally equivalent. Many of the indices make use of the 
inverse relationship between red and near-infra red reflectance associated with healthy green vegetation. Since the 1960s 
scientists have used satellite remote sensing to monitor fluctuation in vegetation at the Earth’s surface. Measurements of 
vegetation attributes include leaf area index (LAI), percent green cover, chlorophyll content, green biomass and absorbed 
photo synthetically active radiation (APAR). 
Vegetation Indices (VIs) have been historically classified based on a range of attributes, including the number of spectral 
bands (2 or greater than 2); the method of calculations (ratio or orthogonal), depending on the required objective. For the 
sake of comparison of the effectiveness of different VIs, Lyon, Yuan et al. (1998)classified 7 VIs based on their 
computation methods (Subtraction, Division or Rational Transform). Due to advances in hyperspectral remote sensing 
technology, high-resolution reflectance spectrums are now available, which can be used with traditional multispectral VIs. 
In addition, VIs have been developed to be used specifically with hyper spectral data, such as the use of Narrow Band 
Vegetation Indices. 
 
 
3.  STUDY AREA DETAILS 

 Visakhapatnam district is one of the north districts of Andhra Pradesh. The district is situated between the Eastern 
Ghats and Bay of Bengal.The district lies between 17°15’ N and 18°30’ N and 78°30’ E and 83°30’ E covering an area of 
11,342.84 sq.km. 

4. DATA COLLECTION 

For the study of change detection in vegetation, maps of Vishakhapatnam district showing all the land masses are required. 
Which are obtained through earth explorer. For the present study, multispectral, multi-temporal LANDSAT satellite data 
of Vishakhapatnam were acquired for three years namely, 2009-2011. All the imageries belong to the month of November. 
All the LANDSAT images have been taken from United States Geological Survey earth explorer while thematic mapper 
image of 2009-2011 has resolution of 30 meters.Topographic sheet were also collected for the year. Following table shows 
the bandwidth details of landsat imagery acquired in this study. 

Band Resolution Wavelength(µm) Description 

1 30 0.45-0.52 Blue 

2 30 0.53-0.61 Green 

3 30 0.63-0.69 Red 

4 30 0.78-0.90 Near infrared 



5 30 1.55-1.75 Short waved infrared 

6 60 10.4-12.5 Thermal 

7 30 2.09-2.35 Short waved infrared 

 

The Survey of India is responsible for all topographic control, surveys and mapping of India. The topographic map NE 44-
12 (1:50,000 scale) is obtained from utexas website, which was surveyed and prepared; it is converted to digital mode 
using scanning. The topographic map is georeferenced with longitude and latitudes using the ArcGIS software and spatial 
analyst tools and demarcated the boundary of study area. 

5. METHODOLOGY 

The main aim of this study is to reveal vegetation change using multi- temporal satellite data, in order to extract changes. 
Digital image-processing software Erdas imagine 2014and ARC GIS are used for the processing, analysis and integration 
of spatial data to reach the objectives of the study. Erdas Imagine was used to generate the false colour composite, by 
combing near infrared, red and green which are bands 4, 3 together for both images. This was done for vegetation 
recognition, because chlorophyll in plants reflects very well to near infrared than the visible. 

Geo - reoferencing: Geo referencing is the process of assigning spatial coordinates to data that is spatial in nature, but has 
no explicit geographic coordinate system. Here, we will take a scanned paper USGS topographic map and assign spatial 
coordinates to the image so that it can be overlaid with modern data. 

A raster image is made up of pixels and has no particular size. Without georeferencing, the vectorised CAD/GIS drawing 
size is determined by the raster's pixel dimensions (the width and height of the raster in pixels). This is in turn determined 
by the image resolution (DPI). This image sizing will usually bear no relationship with the dimensions of the drawing that 
the raster represents. 

Geo referencing is the process of assigning spatial coordinates to data that is spatial in nature, but has no explicit 
geographic coordinate system. Here, we will take a scanned paper USGS topographic map and assign spatial coordinates 
to the image so that it can be overlaid with modern data.  Using the ARC MAP 10.4. The topo sheet of visakhapatnam of 
number NE 44 – 12 WAS georeferenced. A total of 4 ground control points were taken in the topo sheet. 

Stacking: While displaying the different bands of a multi spectral data set, images obtained in different bands is displayed 
in image planes (other than their own) the color composite is regarded as False Colour Composite (FCC). High spectral 
resolution is important when producing colour components. For a true colour composite an image data used in red, green 
and blue spectral region must be assigned bits of red, green and blue image processor frame buffer memory. A colour 
infrared composite ‘standard false colour composite’ is displayed by placing the infrared, red, green in the red, green and 
blue frame buffer memory (Fig. 2). In this healthy vegetation shows up in shades of red because vegetation absorbs most 
of green and red energy but reflects approximately half of incident Infrared energy. Urban areas reflect equal portions of 
NIR, R & G, and therefore they appear as steel grey. 

Digitizing: Digitizing is the process by which coordinates from a map, image, or other sources of data are converted in a 
digital format in a GIS. The scanned toposheets were georeferenced and further digitized using ARC map 10.4 , the study 
area is delineated using the dizitization. The boundary of the study area is digitized using line shape file and this forms a 
polygon and the study area is delineated using a shape file. 

The following figure shows creating a shape file in Arc Map 10.4 , the shape files has features like point , polyline 
,polygon mutli point and multi patch. For our study we used polyline and polygon shape files. 

6 RESULTS: 



 

Figure 1 Digitization using Arc GIS 

Unsupervised classification:  Pixels are grouped based on the reflectance properties of pixels. These groupings are called 
“clusters”. The user identifies the number of clusters to generate and which bands to use. With this information, the image 
classification software generates clusters. There are different image clustering algorithms such as K-means and ISODATA. 
The user manually identifies each cluster with land cover classes. It’s often the case that multiple clusters represent a single 
land cover class. The user merges clusters into a land cover type. The unsupervised classification image classification 
technique is commonly used when no sample sites exits. 

In this study unsupervised classification on images of the 5 years 2006 – 2011using the ERDAS IMAGINE 2014 has been 
performed and classified the land use and land cover into different classes. 

 

Figure 2 NDVI Reclassified Image 

 

The analysis of the obtained data has been made by unsupervised classification tool using NDVI approach in 
ERDAS IMAGINE 2014. Comparison of the reclassified images is also done to check the trend in vegetation. The 
results obtained are discussed below in detail.  

Analysis of reclassified data 

(1) Land cover class of the year 2006  

The unsupervised classification of 2006 Landsat data yielded the Land cover classes shown in figure 6.1 These 
classes were calculated based on number of pixels in hectares (ha) and in percentages (%). 



 

  January 2006     February 2006 

 

  April 2006     December 2006 

   Fig 3: NDVI images of the year 2006 

As can be seen in figures 3,4, 5,6 the land cover pattern can be observed. The Red colour represents Water, Orange colour 
represents Rocks & soils, Amber colour represents Shrubs & grass, Yellow colour represents sparse vegetation, Lime 
green represents moderate vegetation colour represents high vegetation, Emerald green represents dense vegetation. 

  CLASS NAME 31st January 16th February 5th April 1st December 

Water 3.014645803 2.970791546 
 

2.767227709 2.221407808 

Rocks & soil 17.53720864 23.225017 29.06905041 3.784943063 

Shrubs & grass 41.88264243 40.69670163 
 

46.26311826 18.5455941 

Sparse vegetation 29.14144955 27.57823934 
 

19.96824631 42.44143285 

Moderate vegetation 8.410168285 5.521649353 
 

1.92741663 32.631899 

High vegetation 0.010848181 0.005199774 0.004583742 0.373117512 

Dense vegetation 0.003037111 0.00240135 
 

0.000356931 0.00161075 

Table no 1: Statistics of land cover class of the year 2006(in %) 

(2) Land cover class of the year 2008 

The unsupervised classification of 2008 Landsat data yielded the Land cover classes shown in figure 6.2. These classes 
were calculated based on number of pixels in hectares (ha) and in percentages (%). 

As can be seen in Figures 4 the land cover pattern can be observed. The Red colour represents Water, Orange colour 
represents Rocks & soils, Amber colour represents Shrubs & grass, Yellow colour represents sparse vegetation, Lime 
green represents moderate vegetation colour represents high vegetation, Emerald green represents dense vegetation. 



 

  April 2008     May 2008 

 

  October 2008     November 2008 

    Fig 4: NDVI images of the year 2008 

 

CLASS NAME 26th April 28th May 19th October 4th November 

Water 2.504042198 2.827791797 2.142776556 1.98462684 

Rocks & soil 5.538978513 13.91011911 2.17777577 2.355528054 

Shrubs & grass 30.46787712 41.65530883 7.322519779 13.21623445 

Sparse vegetation 45.59991604 34.80106581 25.14218021 48.2523552 

Moderate vegetation 15.88557898 6.802818333 48.19464961 33.86739748 

High vegetation 0.003411413 0.002691906 15.0189736 0.322248481 

Dense vegetation 0.000195737 0.000204214 0.001124473 0.001609495 

 Table no 2: Statistics of land cover class of the year 2008(in %) 

(3) Land cover class of the year 2009: The unsupervised classification of 2008 Landsat data yielded the Land cover 
classes shown in figure 6.3 these classes were calculated based on number of pixels in hectares (ha) and in 
percentages (%).  



 

  January 2009     April 2009 

 

  October 2009     December 2009 

Fig 5: NDVI images of the year 2009 

CLASS NAME 23rd 
January 

24th 
February 28th March 13th April 31st May 16th June 

Water 3.185493275 3.118145428 3.460266302 3.869874679 2.066277079 3.211461047 

Rocks and Soils 21.28013754 46.4461683 45.2779136 45.20222033 27.49445598 19.49576553 

Shrubs and Grass 42.4445067 42.27858829 41.50673011 41.42658427 40.85074159 30.82064995 

Sparse Vegetation 26.28023571 8.090446623 8.03688132 9.308695633 25.96559675 29.27523201 

Moderate 
Vegetation 

6.78388131 0.062570277 1.715508631 0.190781518 3.619764835 17.14088658 

High Vegetation 0.022220786 0.00309632 0.002371904 0.001768325 0.002938947 0.055236793 

Dense Vegetation 0.003524676 0.000984762 0.000328129 7.52E-05 0.000224817 0.000768077 

Table no 3: Statistics of land cover class of the year 2009(in %) 

CLASS NAME 18th July 03rd August 
4th 
September 

22nd 
October 

23rd 
November 

9th 
December 

Water 3.322266289 3.654682016 2.388428295 2.187189459 2.207520483 2.271286744 

Rocks and Soils 16.52665759 7.619333744 3.369588532 2.118824169 3.387095295 3.975120526 



Shrubs and Grass 26.83017495 14.85874993 11.97920962 6.612828461 22.80717286 26.50012518 

Sparse Vegetation 31.52404697 38.27049184 44.85301984 25.10543583 47.63357085 46.36797993 

Moderate 
Vegetation 

21.670678 35.26005226 35.36235369 55.05544938 21.95117332 20.8549535 

High Vegetation 0.125474121 0.336186104 2.045822779 8.916912755 2.012195649 0.027612329 

Dense Vegetation 0.000702086 0.000504111 0.001577243 0.003359951 0.00127154 0.002921791 

Table no 4: Statistics of land cover class of the year 2009(in %) 

As can be seen in Figures 4 the land cover pattern can be observed. The Red colour represents Water, Orange colour 
represents Rocks & soils, Amber colour represents Shrubs & grass, Yellow colour represents sparse vegetation, Lime 
green represents moderate vegetation colour represents high vegetation, Emerald green represents dense vegetation. 

 

  January 2010     February 2010  

 

  August 2010     December 2010 

    Figure 6:  NDVI images of the year 2010 

(4) Land cover class of the year 2010: The unsupervised classification of 2008 Landsat data yielded the Land cover 
classes shown in figure 5. These classes were calculated based on number of pixels in hectares (ha) and in percentages (%).  
As can be seen in Figures 5,  the land cover pattern can be observed. The Red colour represents Water, Orange colour 
represents Rocks & soils, Amber colour represents Shrubs & grass, Yellow colour represents sparse vegetation, Lime 
green represents moderate vegetation colour represents high vegetation, Emerald green represents dense vegetation. 

CLASS NAME 26th January 27th February 22nd August  28th December 

Water 2.768100989 2.498514603 2.633307812 3.016992812 

Rocks & soil 23.29871266 11.2843853 4.081926703 8.892938679 

Shrubs & grass 46.92242777 37.52738049 8.185335959 24.36154301 



Sparse vegetation 24.27283652 37.79104656 16.54113797 41.113898 

Moderate vegetation 2.733783497 10.89266106 36.63043091 21.66635115 

High vegetation 0.002697039 0.003279267 31.92534148 0.177404463 

Dense vegetation 0.001441521 0.002732723 0.002519157 0.003502639 

Table no 5: Statistics of land cover class of the year 2010 (in %) 

(5) Land cover class of the year 2011: The unsupervised classification of 2008 Landsat data yielded the Land cover 
classes shown in figure 65. These classes were calculated based on number of pixels in hectares (ha) and in percentages 
(%).  

 

  January 2011   February 2011 

  

   March 2011 Fig7: NDVI images of the year 2011 

As can be seen in below figure the land cover pattern can be observed. The Red colour represents Water, Orange colour 
represents Rocks & soils, Amber colour represents Shrubs & grass, Yellow colour represents sparse vegetation, Lime 
green represents moderate vegetation colour represents high vegetation, Emerald green represents dense vegetation. 

 

CLASS NAME 13th January 14th  February 2nd March 

Water 2.931233398 3.093983428 2.791884574 

Rocks and Soils 5.978033699 11.94372929 11.97383818 

Shrubs and Grass 22.60580305 40.02293486 40.81909269 

Sparse Vegetation 37.88207078 36.5256397 37.76158037 

Moderate Vegetation 29.43771352 8.407857617 6.647251695 

High Vegetation 1.161420298 0.003660613 0.00451214 

Dense Vegetation 0.003725254 0.0021945 0.001840355 

Table no 6: Statistics of land cover class of the year 2011 (in %) 



SUMMARY: 

The study suggests that in 2006 there is considerable increase in the percentage of Shrubs and grass, decrease in vegetation 
but in from October the trend has reversed, vegetation has increased and Shrubs and grass decreased.  

In the year 2008, there is an increase in percentage of shrubs & grass and decrease in vegetation till May, but there is a 
decrease in percentage of grass and increase in vegetation afterwards. 

In the year 2009, there is a decrease in vegetation till May, and then owing to the onset of monsoon vegetation increased 
till October, and remains almost the same till autumn.  In January there was 33% then it decreased to 9.5% in April and 
then increased to 89.08% in October due to monsoon.   

In the year 2010, there is a considerable increase in vegetation till December from the start of the year. It increased from 
27.01 % in January to 85.1% in August then decreased to 62.96% in December. In the year 2011, there is decrease in 
vegetation from 68.49% in January to 44.4% in March.  
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Abstract:With the advancement of Automation technology, automatic systems are being preferred 
over manual systems. With the rapid increase in the number of users of internet over the past 
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decade has made Internet a part and parcel of life, and IOT is the latest and emerging internet 
technology. Internet of things is a growing network of everyday object-from industrial machine to 
consumer goods that can share information and complete. “Wireless Home Automation  using  IOT” 
is a system that uses computers or mobile devices to control basic home functions and features 
automatically through internet, an automated home is sometimes called a smart home. It is meant 
to save the electric power and human energy. The home automation system differs from other 
system by allowing the user to operate the system from anywhere around the world through 
internet connection.   In our paper, we present a “Smart Home Automation”  that employs the 
integration of  Relay Board and  wireless communication, to provide the user with remote control of 
various lights, fans, and appliances of their home. This system is designed to be low cost and 
expandable allowing a variety of devices to be controlled. 

 

Keywords : Home Automation System , Internet of Things (IOT) , Arduino microcontroller , Relay 
board.A home automation system is a means that allow users to control electric appliances of 
varying kind. Many existing, well-established home automation systems are based on wired 
communication. This does not pose a problem until the system is planned well in advance and 
installed during the physical construction of the building. But for already existing buildings the 
implementation cost goes very high. In contrast, with the advancement of wireless technologies such 
as Wi-Fi, cloud networks in the recent past, wireless systems are used every day and everywhere. 

 

Advantages of Home automation systemsIn recent years, wireless systems like Wi-Fi have become 
more and more common in home networking. Also in home and building automation systems, the 
use of wireless technologies gives several advantages that could not be achieved using a wired 
network only. 

1) Reduced installation costs: With the usage of wireless technology and control system , there is 
reduced or no usage of cables and wires which reduces the initial installation cost. 

2) System scalability and easy extension: The system which implements wireless automation 
increases the scalability of the system and also the system becomes flexible to application point of 
view . Also the system is easily extendable to many devices from one to many. 

3) Integration of mobile devices:  The existing wired technology cannot be controlled using any other 
devices other than human control which is the major advantage of wireless automation system . We 
can control the appliances of our home from any distance using our mobile devices . 

 

I. AIM AND OBJECTIVE 

The aim of our project is to implement a home automation system using IoT(Internet of Things) .  The 
project is carried out by the following objectives : 

1.Design of circuit for the Arduino control system. 
2.Developing the code for the control with internet. 



3.Implement hardware prototype of home automation system using internet. 
II. COMPLETE BLOCK DIAGRAM 

The complete block diagram for the home automation using internet is shown below : 
 

 

 

 

 

 

Fig.1 Schematic diagram of hardware prototype set up. 

 
III. HARDWARE OF THE PROJECT 

 

The hardware components used in the project are: 

1. Arduino Mega 2560 
2. Ethernet Shield wiznet-5100 
3. Relay Board 
4. Jumper wires 
5. Switch Board 
6. Appliances (lights , chargers ,etc…) 

 
 

IV.  PROPOSED SYSTEM AND ARDUINO CIRCUIT THE PROJECT 

The circuits for the home automation system are shown below : 

 

 

 

 

 

 

 

 

Fig.2.Proposed home automation system 



 

The circuit for the Arduino based home automation system controlled with internet using IoT 
concept is shown      below: 

 

Fig.3.Circuit for automation system 

 

 

 

 

 

 

Fig.4. Automation system during OFF state 

 

V.HARDWARE (Prototype) IMPLEMENTION  

 

Fig.5.Automation system during OFF state 

VI. CONCLUSION 

The proliferation of devices with communicating-actuating capabilities is bringing closer the vision of 
an Internet of Things, where the sensing and actuation functions seamlessly blend into the background 



and new capabilities are made possible through access of rich new information sources. The evolution 
of the next generation mobile system will depend on the creativity of the users in designing new 
applications. IoT is an ideal emerging technology to influence this domain by providing new evolving 
data and the required computational resources for creating revolutionaryapps.IoT has been gradually 
bringing a sea of technological changes in our daily lives, which in turn helps to makingour life 
simpler and more comfortable, though various technologies and applications. There is innumerable 
usefulness  ofIoT applications into all the domains including medical, manufacturing, industrial, 
transportation, education, governance, mining, habitat etc. Though IoT has abundant benefits, there 
are some flaws in the IoT governance and implementation level. 
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Abstract :This paper proposes to describe Field oriented control (FOC) of Permanent Magnet 
Synchronous motor (PMSM) using MRAS speed observer for sensor less control of drive. The aim of 
the proposed sensor less control is to improve performance and robustness of PMSM drive under 
load variations is presented in this work. Also in this the conventionally used PI controller in adaption 
mechanism of the MRAS observer is replaced by a FLC. The improvement in speed response during 
load variations is shown by comparative study between conventional PI and fuzzy PI. The 
effectiveness and validity of the proposed control approach is verified by simulation results. 

 

Keywords :-permanent magnet synchronous motor; speed control; Field oriented control; model 
reference adaptive system. 

 

I.     INTRODUCTION 

 

Now a days, permanent magnet synchronous motor(PMSM), has been widely used in high 
performance variable speed in many industrial applications, due to its high efficiency ,high ratio of 
torque-to-inertia ratio, high power factor, fast response and rugged construction .The PMSM has 
increasingly  used in electrical vehicles ,aircraft, nuclear power station  ship engines, robotic 
automation, escalators and industrial servo drives [5]. The control methods used for the permanent 
magnet synchronous motor sure: V/f control, field oriented control and direct torque control[4]. 

Field oriented control was introduced to control method of the PMSM, which achieve fast 
dynamic response and the flexibility normally obtained in control of separately excited dc motor. 

Position sensor with higherqualityisanecessarycomponentpartofthedrivesystememployedin 
industrial and automotive applications.But the high  cost and  strict requirement extremely limit the 
application in the drive system. Moreover, there are some applications, where there is no room to 
put the speed sensor or the nature of the environment does not allow the use of any additional 
speed sensor. So that it is highly desired to develop the position sensor less technology and 
elimination of the speed encoder is highly encouraged to increase the mechanical robustness of the 
system. Sensor less technology can make drive cheaper and also increase there liability of the drive 
system. This paper adopts  the MRAS scheme which uses the PMSM itself as there reference model to 
estimate the speed of the motor.[1] 

 

II. MODELLING OF PMSM 

 



A primitive version of a PMSM with wound-rotor synchronous motor, the stator of a PMSM has 
winding similar to those of the conventional wound-rotor synchronous motor which is generally 
three-phase, Y-connected, and sinusoidally distributed. The motor is fed from inverter which 
gets pluses from HPWM for better stator voltages.[2] 

    The machine model is derived with following assumptions: 

• Saturation is neglected. 
• The induced back EMFs in stator windings are sinusoidal. 
• Hysteresis and eddy current losses are negligible. 
• There are no field current dynamics. 
• Cage on rotor is absent. 

In a permanent magnet synchronous motor (PMSM) where the inductances vary as a function of the 
rotor angle, the two-phase (d-q) equivalent circuit model is a perfect solution to analyze the 
multiphase machines because of its simplicity and intuition. [7] 

𝑉𝑉𝑑𝑑 = 𝑅𝑅𝑠𝑠𝑖𝑖𝑑𝑑 + 𝑝𝑝𝜆𝜆𝑑𝑑 − 𝜔𝜔𝜆𝜆𝑑𝑑           (1)   

𝑉𝑉𝑞𝑞 = 𝑅𝑅𝑠𝑠𝑖𝑖𝑞𝑞 + 𝑝𝑝𝜆𝜆𝑞𝑞 + 𝜔𝜔𝜆𝜆𝑑𝑑             (2)     

  𝜆𝜆𝑑𝑑 = 𝐿𝐿𝑑𝑑𝑖𝑖𝑑𝑑 + 𝜆𝜆𝑓𝑓                          (3)   

𝜆𝜆𝑞𝑞 = 𝐿𝐿𝑞𝑞𝑖𝑖𝑞𝑞                                      (4)   

𝑣𝑣𝑑𝑑 = 𝑅𝑅𝑠𝑠𝑖𝑖𝑑𝑑 + 𝐿𝐿𝑑𝑑
𝑑𝑑
𝑑𝑑𝑑𝑑
𝑖𝑖𝑑𝑑 − 𝐿𝐿𝑞𝑞𝜔𝜔𝑒𝑒

𝑑𝑑
𝑑𝑑𝑑𝑑
𝑖𝑖𝑞𝑞            (5)                  

𝑣𝑣𝑞𝑞 = 𝑅𝑅𝑠𝑠𝑖𝑖𝑞𝑞 + 𝐿𝐿𝑞𝑞
𝑑𝑑
𝑑𝑑𝑑𝑑
𝑖𝑖𝑞𝑞 + 𝐿𝐿𝑞𝑞𝜔𝜔𝑒𝑒

𝑑𝑑
𝑑𝑑𝑑𝑑
𝑖𝑖𝑑𝑑 + 𝜔𝜔𝑒𝑒𝜆𝜆𝑓𝑓                                (6) 

𝑇𝑇𝑒𝑒 = 3
2
𝑝𝑝��𝐿𝐿𝑑𝑑 − 𝐿𝐿𝑞𝑞�𝑖𝑖𝑑𝑑 𝑖𝑖𝑞𝑞 + 𝜆𝜆𝑓𝑓𝑖𝑖𝑞𝑞�           (7) 

𝐽𝐽
𝑑𝑑𝜔𝜔𝑚𝑚
𝑑𝑑𝑑𝑑

+ 𝐵𝐵𝜔𝜔𝑚𝑚 + 𝑇𝑇𝐿𝐿 = 𝑇𝑇𝑒𝑒          (8) 

It is apparent from the above equation that the produced torque is composed of two distinct 
mechanisms. The first term corresponds to "the mutual reaction torque" occurring between Iqand 
the permanent magnet, while the second term corresponds to "the reluctance torque" due to the 
differences in d-axis and q-axis reluctance.[4] 

 

 

Fig.1. Block Representation of The Simulation ModelFor The PMSM 



 

 

III. FIELD ORIENTED CONTROL OF PMSM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Block diagram of FOC of PMSM 

High-performance motor control is characterized by smooth rotation over the entire speed range of 
the motor, full torque control at zero speed, fast accelerations and decelerations. To achieve such 
control, vector control techniques are used for 3-phase AC motors. The vector control techniques are 
usually also referred to as the field-oriented control (FOC).[4] The basic idea of the FOC algorithm is 
to decompose a stator current into a magnetic field-generating part and a torque-generating part. 
Both components can be controlled separately after decomposition. The structure of the motor 
controller is then as simple as that for a separately excited DC motor. If the permanent magnets are 
mounted on the rotor surface, and there is no significant internal asymmetry in the iron parts of the 
rotor, the direct-axis and quadrature-axis inductances of the machine are approximately equal, Ld≈Lq. 
Inthe steady state, the torque equation can be simplified in the form  

𝑇𝑇𝑒𝑒 =
3
2
𝑝𝑝𝜆𝜆𝑓𝑓𝑖𝑖𝑞𝑞  



Thus, the direct-axis current does not have any effect on the torque, and the minimum stator current 
is reached at a constant torque when id = 0. This creates the basis for the id = 0 control. By neglecting 
the armature reaction, we may write for the current references 

𝑖𝑖𝑞𝑞𝑞𝑞𝑒𝑒𝑓𝑓 =
𝑇𝑇𝑒𝑒𝑞𝑞𝑒𝑒𝑓𝑓
3
2
𝑝𝑝𝜆𝜆𝑓𝑓

 

 𝑖𝑖𝑑𝑑 = 0    

The control method is very easy to implement as long as the real-time information of the rotor angle 
is available for the control. The torque control is implemented similarly as in a fully compensated DC 
machine. Most low-power servo machines fall in this category. Hence, id = 0 control is best adapted 
to machines, the armature reaction of which is small. The problem is that field weakening is not 
available at all, and therefore the rated speed of the motor has to be selected such that it suffices to 
the needs of the drive.[6] 

 

IV MODEL REFERENCE ADAPTIVE CONTROL SYSTEM 

 

During recent years, sensor less drives of PMSM haveattracted much attention. Many techniques 
have been proposed in order to estimate the rotor speed and position, such as open- loop 
estimators using stator voltages and currents, back EMF- based position estimators, MRAS 
estimators, observe-based position speed and position estimators, high-frequency signal injection 
and artificial intelligence. 

This paper proposes a novel sensor less control algorithm based on the MRAS. In general, the MRAS 
algorithm is based on the comparison between the output of two estimators. The error between the 
estimated quantities obtained by two models is used to drive a suitable adaptation mechanism 
which generates the estimated rotor speed. The MRAS algorithm is based stator currents of PMSM 
motor, and has been proved to be effective [1, 8] 

 

 

 

 

 

 

Fig.3. An adaptive control system 

𝑑𝑑𝑖𝑖𝑑𝑑
𝑑𝑑𝑑𝑑

= −
𝑅𝑅𝑠𝑠
𝐿𝐿𝑠𝑠
𝑖𝑖𝑑𝑑 + 𝜔𝜔𝑒𝑒𝑖𝑖𝑞𝑞 +

𝑣𝑣𝑑𝑑
𝐿𝐿𝑠𝑠

            (9) 



𝑑𝑑𝑖𝑖𝑞𝑞
𝑑𝑑𝑑𝑑

= −
𝑅𝑅𝑠𝑠
𝐿𝐿𝑠𝑠
𝑖𝑖𝑞𝑞 − 𝜔𝜔𝑒𝑒𝑖𝑖𝑑𝑑 −

𝜆𝜆𝑓𝑓
𝐿𝐿𝑠𝑠
𝜔𝜔𝑒𝑒 +

𝑣𝑣𝑞𝑞
𝐿𝐿𝑠𝑠

           (10)          

Selecting current as state variable, the state equation can be shown as Equation(11) (where p means 
differentiate): 

 

𝑝𝑝 �
𝑖𝑖𝑑𝑑
𝑖𝑖𝑞𝑞
� =

⎣
⎢
⎢
⎢
⎡ −

𝑅𝑅𝑠𝑠
𝐿𝐿𝑑𝑑

𝜔𝜔𝑒𝑒
𝐿𝐿𝑞𝑞
𝐿𝐿𝑑𝑑

−𝜔𝜔𝑒𝑒
𝐿𝐿𝑑𝑑
𝐿𝐿𝑞𝑞

−
𝑅𝑅𝑠𝑠
𝐿𝐿𝑞𝑞 ⎦
⎥
⎥
⎥
⎤
�
𝑖𝑖𝑑𝑑
𝑖𝑖𝑞𝑞
� +

⎣
⎢
⎢
⎡

𝑣𝑣𝑑𝑑
𝐿𝐿𝑑𝑑

𝑣𝑣𝑞𝑞
𝐿𝐿𝑞𝑞
− 𝜔𝜔𝑒𝑒

𝜆𝜆𝑓𝑓
𝐿𝐿𝑞𝑞⎦
⎥
⎥
⎤
         (11) 

 

 

 

 

 

 

 

 

 

 

 

Suppose: 

𝑖𝑖𝑑𝑑∗ = 𝑖𝑖𝑑𝑑 +
𝜆𝜆𝑓𝑓
𝐿𝐿𝑑𝑑

 , 𝑖𝑖𝑞𝑞∗ = 𝑖𝑖𝑞𝑞  , 𝑣𝑣𝑑𝑑∗ = 𝑣𝑣𝑑𝑑 +
𝑅𝑅𝑠𝑠
𝐿𝐿𝑑𝑑
𝜆𝜆𝑓𝑓  , 𝑣𝑣𝑞𝑞∗ = 𝑣𝑣𝑞𝑞     (12) 

Equ (12) is substituted in equ(11) and obtained equ(13) 

 

𝑝𝑝 �
𝑖𝑖𝑑𝑑∗
𝑖𝑖𝑞𝑞∗
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⎢
⎢
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𝑅𝑅𝑠𝑠
𝐿𝐿𝑑𝑑

𝜔𝜔𝑒𝑒
𝐿𝐿𝑞𝑞
𝐿𝐿𝑑𝑑

−𝜔𝜔𝑒𝑒
𝐿𝐿𝑑𝑑
𝐿𝐿𝑞𝑞

−
𝑅𝑅𝑠𝑠
𝐿𝐿𝑞𝑞 ⎦
⎥
⎥
⎥
⎤
�
𝑖𝑖𝑑𝑑∗
𝑖𝑖𝑞𝑞∗
� +

⎣
⎢
⎢
⎢
⎡

1
𝐿𝐿𝑑𝑑
𝑣𝑣𝑑𝑑∗

1
𝐿𝐿𝑞𝑞
𝑣𝑣𝑞𝑞∗⎦
⎥
⎥
⎥
⎤
                (13) 

Speed information is included in State matrix A, which is to be identified. And PMSM is the reference 
model. Estimated value is expressed in (14) which is the adjusted model. 



𝑝𝑝 �
𝑖𝑖𝑑𝑑∗�
𝑖𝑖𝑞𝑞∗�
� =

⎣
⎢
⎢
⎡−

𝑅𝑅𝑠𝑠
𝐿𝐿𝑠𝑠

𝜔𝜔𝑒𝑒�

−𝜔𝜔𝑒𝑒� −
𝑅𝑅𝑠𝑠
𝐿𝐿𝑠𝑠 ⎦
⎥
⎥
⎤
�
𝑖𝑖𝑑𝑑∗�
𝑖𝑖𝑞𝑞∗�
� +

1
𝐿𝐿𝑠𝑠
�
𝑣𝑣𝑑𝑑∗�
𝑣𝑣𝑞𝑞∗�
�                  (14) 

Equation (8) is obtained by shortening (7). 

𝑝𝑝𝑖𝑖∗� = �̂�𝐴𝑖𝑖𝑑𝑑∗� + 𝐵𝐵𝑣𝑣∗ 

Define generalized error 

𝑒𝑒 = 𝑖𝑖∗ − 𝑖𝑖∗�  

(15) is obtained by subtracting (14) from (13). 

 

 

�

𝑑𝑑𝑒𝑒𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑒𝑒𝑞𝑞
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� = �
−
𝑅𝑅𝑠𝑠
𝐿𝐿

𝜔𝜔𝑒𝑒

−𝜔𝜔𝑒𝑒 −
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𝑒𝑒𝑑𝑑
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𝑖𝑖𝑑𝑑∗�
𝑖𝑖𝑞𝑞∗�
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Where 

𝑒𝑒𝑑𝑑 = 𝑖𝑖𝑑𝑑∗ − 𝑖𝑖𝑑𝑑∗�  , 𝑒𝑒𝑞𝑞 = 𝑖𝑖𝑞𝑞∗ − 𝑖𝑖𝑞𝑞∗�   𝐽𝐽 = �0 −1
1 0 � 

Equation (16) is another expression of (15). 

𝑑𝑑𝑒𝑒
𝑑𝑑𝑑𝑑

= 𝐴𝐴𝑒𝑒𝑒𝑒 −𝑊𝑊                                                        (16) 

Where  

𝐴𝐴𝑒𝑒 = �
−
𝑅𝑅𝑠𝑠
𝐿𝐿

𝜔𝜔𝑒𝑒

−𝜔𝜔𝑒𝑒 −
𝑅𝑅𝑠𝑠
𝐿𝐿

� ,𝑊𝑊 = (𝜔𝜔𝑒𝑒� − 𝜔𝜔𝑞𝑞)𝐽𝐽𝑖𝑖𝑠𝑠∗�  

 

According to Popov hyper stability theorem, two conditions need to be satisfied: 

1) Transfer equation matrix of the control system  G(s) = C(sI − A)−1  must be positive definite: 
Then G(s) can be deduced after using A,C matrixes 
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1
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𝐿𝐿𝑑𝑑
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−𝜔𝜔𝑒𝑒
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⎥
⎥
⎤
 

So, the system is positive definite. 

1) Non-linear time invariant component must meet Popov integral in equation: 

𝜂𝜂(0, 𝑑𝑑1) = � 𝑣𝑣𝑇𝑇
𝑑𝑑1

0
𝑤𝑤𝑑𝑑𝑑𝑑 ≥ −𝛾𝛾𝑜𝑜2 

Where 

𝛾𝛾𝑜𝑜 is a finite positive constant, which is  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.Block diagram of sensorless MRAS of PMSM 

independent of t1  . So far, the MRAS is asymptotic stable. [9,10] 

Then the speed adaptive mechanism eventually comes out: 

𝜔𝜔𝑒𝑒� = �𝐾𝐾𝑃𝑃 +
𝐾𝐾𝑖𝑖
𝑝𝑝 �

�𝑖𝑖𝑑𝑑 𝑖𝑖𝑞𝑞� − 𝑖𝑖𝑞𝑞𝑖𝑖𝑑𝑑� −
𝜆𝜆𝑓𝑓
𝐿𝐿𝑠𝑠

(𝑖𝑖𝑞𝑞 − 𝑖𝑖𝑞𝑞)�� + 𝜔𝜔𝑒𝑒�(0)   (17) 



𝜃𝜃� = �𝜔𝜔𝑒𝑒� + 𝜃𝜃𝑒𝑒  

V. SIMULATION RESULTS 

The implementation of the MRAS sped identification for PMSM based on fuzzy PI control has been 
carried out using MATLAB and verified. The performance of PMSM speed control using Fuzzy PI  is 
compared to a conventional PI controller by extensive simulation for various operating 
conditions.The MATLAB software is used in entire system simulation. Simulink is the simulation tool 
in the MATLAB, which can provide us with the function block. So the simulation analysis time can be 
saved and the design work can be reduced. The fuzzy self-adapting PI controller can be designed 
conveniently using the Fuzzy Logic Toolbox of MATLAB.  

The motor parameters used for simulation are given in table 5.1 

Parameters values 

Stator resistance Rs 2.8750ohm 

Inductance d-axis Ld 0.0085H 

Inductance q-axis Lq 0.0085H 

Dc voltage Vdc 120v 

Rotor flux λ 0.1750Wb 

Moment of inertia J 0.0008kgm2 

Friction B 0.001Nm/rad 

Poles P 4 

Load Torque TL 2N-m 

Speed N 1500rpm 

 

 

There are three test cases ,at first FOC without sensorless MRAS ,second case FOC with sensorless 
MRAS using PI controller and finally replacing PI controller in adaptive mechanism with fuzzy-PI 
controller. These three cases were tested under constant speed with varying torque and constant 
torque with varying speed. For first mode, keeping speed constant the load torque of 2Nm was 
applied at 0.1sec after reaching motor to rated speed of 1500rpm, the load torque was decreased to 
1.5Nm at 0.4sec and finally decreased to 1Nm at 0.5sec. The response of torque, speed and flux for 
three cases are shown in fig.6, fig7 and fig8.In second, keeping torque constant the speed is 
decreased after reaching to rated speed . The speed is decreased to 1000rpm at 0.1sec and finally 
decreased to 800rpm at 0.4sec. The response of torque, speed and flux for three cases are shown in 
fig 9, fig10 and fig11.In three cases FOC with sensorless control using fuzzy logic controller with PI 



gives better results with reduced harmonics, torque ripples due load impact and steady state error 
also got reduced to low value. 

 

5.2 Torque, Speed and Flux Responses under Constant Speed and varying torque :( T= 2Nm at t= 
0.1sec,   T=1.5Nm  at t= 0.4 sec,  T=1Nm at t=0.5sec) 
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               The requirement of Permanent magnet synchronous motor has been increasing very highly 
in industrial applications. Because of its versatile features, the project found to implement this motor 
as main course in order to get smooth characteristics of torque and speed response. 

             But the content of ripples is very high in PMSM drive. In order to reduce those ripples, some 
technique to be implemented such as Field Oriented Control Method, Model Reference Adaptive 
Control System in Matlabsimulink. After the implementation, the waveform from Matlabsimulink 
shown that  the  gradual decreasing of ripple content in load torque 
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Abstract:-This paper highlights the details of the Voltage Multiplier circuit and expresses the 
technical aspects of the circuit in great detail. This circuit has the capability to produce 12kV High 
Voltage DC output from a conventional 230-volt AC supply. This circuit is essentially a Cascaded 
voltage multiplier circuit designed to multiply the voltage by 8 times the input voltage from the 
power supply in series with a step up Transformer. The Circuit can generate energy of the range of 
kilo Joules which is sufficient for high power rating equipment. 



Keywords:- Neon Sign Transformer, Capacitor Bank, Resistor Bank, Spark Gap, High Voltage Diodes. 

1.INTRODUCTION 

The Voltage multiplier circuit essentially known as the Cockcroft–Walton (CW) generator or 
multiplier, is an electric circuit that generates a high DC voltage from a relatively low voltage AC 
input. It was named after the British and Irish physicists John Douglas Cockcroft and Ernest Thomas 
Sinton Walton, who in 1932 used this circuit design to power their particle accelerator, performing 
the first artificial nuclear disintegration in history. They used this voltage multiplier cascade for most 
of their research, which in 1951 won them the Nobel Prize in Physics for "Transmutation of atomic 
nuclei by artificially accelerated atomic particles".  

 
Fig 1 Voltage Doubler Circuit 

 
2.CIRCUIT DESCRIPTION AND OPERATION 
 
In voltage doubler circuit the condenser C1 is charged through rectifier R to a voltage of +Vmax 
during the negative half cycle. As the voltage of the transformer rises to +Vmax during the next half 
cycle, the potential of the other terminal of C1 rises to a voltage of +2Vmax.Thus, the condenser C2 in 
turn is charged through R2 to 2Vmax. Normally the DC output voltage on load will be less than 
2Vmax. [1].  
 
For higher output voltage of 4, 6, ...2n of the input voltage V the circuit is repeated with cascade or 
series connection. Thus, the condenser C4 is charged to 4Vmax and C2n to 2nVmax above the earth 
potential. 



 
Fig 2 Voltage Multiplier Circuit 

I. DESIGN AND CONSRTUCTION 
 

1.1 NEON SIGN TRANSFORMER 
 

Neon sign transformer is a transformer with a high step-up ratio. The amount the voltage is stepped up 
from input to output is the turns ratio of turns of the secondary winding (the output) to the turns of the 
primary winding (the input). The secondary also has to have a significant impedance, because neon 
signs really run on current. It takes a high voltage to get the gas ionized, but after that you keep it 
going with a fixed current at a much lower voltage. High impedance largely comes along with many 
turns. Put another way, ideally you want to drive a neon sign with a current source, not a voltage 
source. A transformer with significant output impedance approximates this well enough. The 
transformer rating is 450VA, 7.5-0-7.5kV at 60mA rated current for center tapped configuration. 

 

 
Fig 3 Neon Sign Transformer 

3.1 DIODES 
 
The chosen diodes are of model ESJA53-16, 16KV diodes of current rating 500ma. The diodes aid in 
the charging of the capacitors through DC and prevent charge loss in the capacitor in negative half 
cycle for positively charged capacitors and vice-versa. The reverse blocking capability of the diode is 
very important and the diodes are always chosen such that their Peak Inverse Rating (PIV) is always 
greater than or equal to Twice the input voltage from the transformer. [1].  



 

 
 
 
 
 

 
 
 
 
 
 

 
 

Fig 4: Diode Bank 
 
∆V = ( I1

fC
 ) [(2/3). n3 + n2/2 – n/6], where,  

n = no. of stages 
I1= load current 
f = supply frequency 
c = capacitance per stage 

1.2 CURRENT LIMITING RESISTOR 
The charge held in the circuit corresponds to a voltage of 12kV. When discharge takes place through 
the resistor bank during measuring the current is about 12µA, when the circuit is discharged through 
spark gap the resistance offered is almost zero. Assuming a 1kΩ resistance offered by the spark gap 
the current through the terminals of the circuit rises instantaneously to I = V/R = 12kV/1kΩ = 12A. 
This can damage the circuit instantaneously. 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

Fig 9 Spark Gap with Resistor 
 

For this reason, a resistance of 10MΩ is placed in series with the spark gap. This resistance acts as a 
current limiting resistor and the resistance offered by the circuit when grounded with a wire is quite 
higher than 10MΩ as the circuit takes a very long time to discharge completely. The current flowing 
into the spark gap is only 1.2mA at 12kV thereby protecting the diodes from damage. 
 
 
 
 
 
 
 



 
 
 

 
4.VOLTAGE DIVIDER 

 

 
Fig 5 Voltage Divider 

 
 

 
Fig 6  Resistive Voltage Divider 

 
The current in both resistors is same, 
so Vin

R1+R2
  = Vout

R2
,  

Therefore, the output Voltage across the second resistor is  
Vou t= Vin  . R2

R1+R2
,The values of the resistor are designed similar to that of the high voltage probe for 

obtaining the output across the CRO, Where,  𝑅𝑅1  = 988MΩ  𝑅𝑅2 = 1MΩ  𝑅𝑅1 + 𝑅𝑅2 = 989 MΩ.  
The theoretical Input Voltage from the Circuit to the resistor bank is Vin = 12kV and the corresponding 
output voltage is Vout   = 12.334V. 
 
5.CAPACITOR BANK 

 
Film capacitors of rating 2uf, 2KV, are used to create a bank of 4 capacitors of rating 2uf, 4KV. This 
comprises of one half of the first stage. Similar units are arranged on the circuit to create the 
required 4 stage circuit. The capacitance of each stage of the capacitor bank is verified with an LCR 
Meter and the appropriate values are fed into the simulation for obtaining the output. The voltage 
rating of the capacitor is a very important factor in the design of the circuit and chosen such that it is 
charged up to 80% of its rated voltage. This implies that a 4KV capacitor bank can be charged to an 
optimum voltage of 3.2KV and therefore the input supply is fixed at 1.6KV (2𝑉𝑉𝑚𝑚𝑎𝑎𝑚𝑚 ). 



 

 

 

 

 

 

 

Fig 10 Capacitor Bank 

 

MODES OF OPERATION 
 

Mode 1: 

This is normal power frequency level of 50Hz ac supply input. The voltage regulation of the circuit is 
poor and the output voltage drops rapidly. Instantaneous voltage can be measured. [2]. 

Mode2: 

This mode of operation is at very high frequency of about 250 kHz. The voltage regulation of the 
circuit in this mode is good and the average output voltage is very close to the theoretically 
estimated value. The circuit supports this high level of frequency as the capacitors have a maximum 
rate of rise of voltage limit to 500V/µsec.  

While the desired input of 1.6KV at this high frequency of about 250kHz, implies the rate of rise of 
voltage value is at 400V/ µsec. Hence, for optimum functioning of the circuit the input voltage can be 
between 1KV to 1.2KV.  

 
II.THEORETICAL CALCULATIONS 
 
The Maximum load current from the circuit is I = Vin

R
 = 12𝑘𝑘𝑣𝑣

989𝑀𝑀Ω
 = 12.133µA 

The Ripple voltage δV from each stage is δV = I
fC

 = 12.133µ
50 .  (1.9µ)

 = 0.242V, Ripple voltage from the circuit 

δ𝑉𝑉total  = n (n+1) 
2

(δV) = 2.42V The Voltage drop across the output of the circuit 
∆V = δV [(2/3). n3 + n2/2 – n/6] = 0.242*(50) = 12.1V.  
The available total output voltage is 2nVmax  - ∆V = 11.9KV. The theoretical maximum energy output 
for one minute Emax  = 𝑉𝑉𝑚𝑚𝑎𝑎𝑚𝑚  . 𝑍𝑍𝑚𝑚𝑎𝑎𝑚𝑚 . 𝑑𝑑= 12.8KV. 30mA. 60sec = 28.8kJoules Where,  
𝑉𝑉𝑚𝑚𝑎𝑎𝑚𝑚  = Theoretical maximum value of the circuit = 2*4*1.6kV = 12.8kV 

𝑍𝑍𝑚𝑚𝑎𝑎𝑚𝑚  = Maximum loadable current from the neon sign transformer= Half the transformer current 
rating = 30mA. 

 

V.SIMULATION AND CALCULATIONS 
 



The Simulation is done in Multisim 12 software and the practical circuit is verified for waveforms. 
The output voltage from the circuit is taken across the oscilloscope and the reading is reduced by a 
factor of 1/989M. This reduced value is obtained in the oscilloscope in the range of mV to Volts.  The 
Actual output from the circuit can be obtained as discussed earlier in resistive voltage divider circuit. 

 
Fig 11 Simulation Circuit 

Where,  

Vin  or Vactual  = Vout  or Vmeas  * R1
R1+ R2

 = Vout ∗  1MΩ
988MΩ+1MΩ

 

Vout  = Voltage across the oscilloscope 

Vin    = Voltage available at the circuit. 

 

 

VI. WAVEFORMS ANF OBSERVATIONS 
 

1.6kV rated input: 

 

 

 

 

 

 

 



 

 

Fig 12 Four Stage output at 1.6kV 

Calculation: 

Vout  = 10.4volts 

Vin    = 10.4 X 989MΩ
1MΩ

 = 10.285kV, Theoretical Projected Value = 1.6kV X 8 = 12.8kV = Voltage at No-Load 

condition, Measured Value = 10.285kV = Voltage at Loaded condition 

The voltage regulation = 
No  Load  Voltage  −Voltage  on  Load

No  Load  Voltage
 X 100 = 

12.8kV−10.285kV
12.8kV

 𝑋𝑋 100 = 

19.648% 

 

 

 

OBSERVATIONS 

Input Voltage Output Voltage 
from Oscilloscope 

Single Stage 

1.4kV 

 

2.88V 

Two Stage 

1.4kV 

 

4.88V 

Three Stage 

1.4kV 

 

7.6V 

Four Stage 

400V 

800V 

1.2kV 

1.6kV 

 

2V 

4.32V 

7V 

10.4V 

Fig 13 Output Values in DSO 

 



VII. RESULT 
Measured Voltage 

(Load Voltage) 

Theoretical 
Voltage  

(No Load 
Voltage) 

Voltage 
Regulation 

Single Stage- 2.571kV 2.8kV 8.1% 

Two Stage- 4.826kV 5.6kV 13.82% 

Three Stage- 7.516kV 8.4kV 10.5% 

Four Stage 

400V- 1.978kV 

800V- 4.272kV 

1.2kV- 6.923kV 

1.6kV- 10.285Kv 

 

3.2kV 

6.4kV 

9.6kV 

12.8kV 

 

38.1% 

33.25% 

27.88% 

19.648% 

Fig 14 Result 

VIII. FUTURE SCOPE 
Mode1: 
This circuit can be used as the main power supply for Gas Emitted Helium-Neon Laser at power 
frequency level itself. [3]. 

 
The circuit can be coupled with a wave shaping inductor of appropriate rating and be used to generate 
an impulse voltage waveform from each of the stages of the circuit at different voltage ratings from 
3kV to 12kV. 
Mode2: 

An extension of the existing stages can be made to generate voltages as high as 25 to 50KV. The 
circuit can then be used to test DC type insulators for their DC withstand capability 
The circuit can also be used to find out the leakage resistance of Single phase transmission line cables 
at domestic power ratings and also insulators of high power rating. 



 

Fig 15 Presentation of the project at show and tell 
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ABSTRACT 

An active charge equalization technique based on a dc/dc converter topology is proposed in this 
paper. The technique achieves cell balancing of batteries in a stack in terms of both voltage and 
charge as the pack is being charged/discharged and in idle periods to maximize the energy and 
reliability of stack operation. A set of MOSFET switches controlled by a voltage monitoring circuit 
ensures that each battery module has the same output voltage by transferring charge from an 
individual battery module with the highest voltage to a weak module.  

 

(I) INTRODUCTION 

The transportation sector is in search of a suitable alternative to fossil fuels as the portable energy 
store. The efficient utilization, storage, and management of energy are extremely important to 
minimize the energy demand. Series strings of batteries are used in portable electrical appliances, 
electric vehicles, space vehicles, telephone industry, power system industries, and military 
applications to store energy. Each individual battery has slightly different capacity due to 
manufacturing tolerances, aging, and environmental conditions. After several charge/discharge 
cycles, the battery cells or modules tend to go out of balance in the form of unequal voltages along 
the string. The imbalance tends to grow with timewhen some batteries charge/discharge at a faster 
rate and others charge/discharge at a slower rate. Battery stack implementation in 
electrical/electronic applications requires a battery management system that is capable of providing 
the following features: 

• improved battery life; 

• energy for longer time between recharging; 

• reduced damaged rates; 

• maximized capacity, efficiency, and reliability during stack 

operation. 

 

The block diagram for the proposed battery management system (BMS) is shown in Fig. 1. 
Throughout the context of this paper, a battery/cell with lower state-of-charge (SOC) is considered as 
a weak battery/cell, and a battery/cell with higher SOC is considered as a strong battery/cell. As 
shown in Fig. 1, the voltage sensors sense the voltage across its respective battery and pass the 
information to a master microcontroller upon request. A master microcontroller identifies the 
strong/weak battery in the stack and sends the control signals to the charge equalization modules 
(CEMs) of the strong and weak batteries in the stack. The CEM of a strong and a weak battery turns 
on the switching circuitry so as to transfer the energy from the strong battery to an energy storage 
element and from the energy storage element to the weak battery via the DC bus.                                  

 



 

Fig.1 Block Diagram of BMS 

 

(II) CHARGE EQUALIZATION CIRCUIT DESIGN 

 

A BMS using an active charge equalization technique is described here.  

 

 

 

 

The charge equalization circuit has four MOSFETs connected to the inductor through the dc BUS +ve 
and dc BUS −ve. The switching of these MOSFETs decides the condition of charging/discharging in 
the battery. Fig. 2(a) and (b) shows the direction of current flow for energy transfer from the battery 
to the inductor, and vice versa. Fig. 2(a) shows the circuit operation for the Battery with the highest 
SOC in a stack; in this case, MOSFETs M1 and M3 are turned on to transfer energy from the Battery 
to the inductor. Similarly, Fig. 2(b) shows the circuit operation for the Battery with the lowest SOC in 
the stack; in this case, MOSFETs M2 and M4 are turned on to transfer the stored energy in the 
inductor to the Battery. Therefore, the Battery with the highest SOC in a stack discharges, and the 
Battery with the lowest SOC charges until equalization of the batteriesis achieved.  

 

 

 

 

Fig.2(a) Discharging a battery Fig.2(b) Charging a battery  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Charge equalization circuit implemented on four batteries 

 

In the stack of batteries shown in Fig. 3, if Battery1 is consideredas the strong battery and Battery4 is 
considered as the weak battery, then charge transfer takes place as follows. 

 

• MOSFETs M1 and M9 are turned on to store the energy in the inductor from Battery1. 

• MOSFETs M1 and M9 are turned off and MOSFETs M5 and M7 are turned on to transfer the stored 
energy from the inductor to Battery4. 

 

L = Vi * D / (ΔIL * fs) ----- (1) 

 

The inductor size is determined using (1) and putting appropriate values of duty cycle(D), switching 
frequency (fs) and ripple current (ΔIL). The value of inductor used in this paper is 50µH. 



 

MOSFET DRIVING 

The control signals from the microcontroller to the CEMs for switching of the MOSFETs are 
responsible for the direction of energy transfer. The switching of the MOSFETs decides the 
charging/discharging of a specific Battery. A Driver circuit is used for switching ON/OFF the MOSFETs.  

From Fig.2, if MOSFETs M1 and M3 are considered as pair A, and MOSFETs M2 and M4 are 
considered as pair B. Common for pair A is the battery negative terminal and common for pair B is 
connected to DC BUS +ve. Therefore a single power supply cannot be used for two MOSFET driver 
circuits and the power supplies need to be isolated. 

For this purpose a TLP is used. The low side driving circuit of MOSFET is shown in Fig.4 

 

 

 

Fig.4 Low side MOSFET driving using TLP250 

 

 

(III) HARDWARE IMPLEMENTATION AND EXPERIMENTAL RESULTS 

 

The proposed BMS is implemented on a stack of Amptek AT6-4.5 lead–acid batteries. Fig. 5(a) 
presents the results for charge equalization of four lead–acid batteries during an idle period with 
initial voltages of Battery1 = 5.93 V, Battery2 = 6.12 V, Battery3 = 5.98 V, and Battery4 = 6.06 V. Fig. 
5(b) presents the oscilloscope stored waveform for the charge transfer from the strong battery to 
the weak battery in a stack through charging and discharging of an inductor during the idle period. 

 

 



 

Fig.5(a) Charge equalization of four lead–acid batteries during the idle 

period 

 

 

Fig.5(b) Charging and discharging of the inductor during the idle-period charge equalization 
experiment. Channel 1: inductor current (scale: 0.1 V/A, i.e., 0.5 V/div). Channel 2: inductor voltage 
(scale: 5 V/div). 

 

(IV)ADVANTAGES OF THE PROPOSED CHARGE EQUALIZATION CIRCUIT 

 

 The charge equalization circuit in Fig.3 has the following advantages: 

• Charge equalization can be achieved during the idle periods, charging periods, and discharging 
periods of the stack operation. 

• Energy is not dissipated across the passive element, thereby increasing the efficiency of the stack 

• The circuit increases reliability and reduces the cost of cooling because of the elimination of hot 
spots and keeps a battery within its temperature limits. 



• Charge transfer takes place from the highest SOC battery to the lowest SOC battery, thereby 
outperforming the locally balanced schemes. 

• The charge equalization process speeds up due to transfer of energy from the strong battery to the 
weak battery in a stack. 

• Voltage does not build across all the switches in the stack because only the switching circuitry of 
the highest SOC battery and the lowest SOC battery is operating, thereby reducing the imbalance in 
the stack due to the voltage across switches. 

• There is no requirement for a common core for charge transfer, thereby eliminating complexity in 
the multi winding implementation and leakage inductance losses. 

• The number of devices in the proposed topology is large; however, due to the use of 
semiconductor switches, it will be cheaper than the multi winding core. 

 

(V) CONCLUSION 

    In this paper, a BMS has been proposed, which can perform charge equalization during charging, 
discharging, and idle periods along with overvoltage and over discharge protection of each battery. 
The developed BMS in this paper has all the necessary features of a BMS to improve battery life by 
operating the battery within voltage limits and improves the capacity and reliability of the battery 
stack by equalizing the charge in the stack. Charge equalization can be performed during the idle 
period of the stack, which overcomes the disadvantages of several BMS; moreover, the developed 
BMS tries to eliminate the disadvantages associated with several other charge equalization 
techniques proposed. 
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ABSTRACT 

The project “Smart Ambulance” is aimed at improvising ambulance services by ensuring a clear 
traffic on road. It is based on RF communication. The driver of ambulance has a transmitter and 
receiver is installed at the traffic light.  The driver can thus control traffic lights according to the 
requirement and thus can control the flow of traffic in its way. As soon as power supply is provided 
to the set up it is initialized. Whenever ambulance enters a main road, the driver can check the 
status of traffic lights which will be faced on that road. Now if the traffic lights are red, and driver is 
in hurry and wants a clear road then he can change their status to green through the transmitter 
installed in ambulance. Similar to it the status of traffic lights of rest of three lanes will become red, 
thereby avoiding any mess on road. If A,B,C,D are four lanes  A and C are opposite lanes and B and D 
are opposite lanes. If status of traffic light of road A is made green from red, for road C,B and D will 
automatically become red. This ensures completely automated management. 

 

AIM AND OBJECTIVE 

 

The aim of our project is to design a circuit that can remotely change the traffic signal green. The 
project is specially designed for ambulances to reduce the time loss, that risks a life, due to traffic. 
The main objectives of the project are:  

1. Design of a circuit that can turn on the signal wirelessly 
2. To make it as economical as possible 
3. To develop a code for interrupting the continuous flow of traffic lights when the ambulance 

reaches the signal 
4. Implement a mini hardware model of traffic junction and check for the proper functionin 

 

COMPLETE BLOCK DIAGRAM 

 

Fig.1 Schematic diagram of hardware prototype set up 



CIRCUIT DIAGRAMS OF RF TRANSMITTER AND RECEIVER 
                                                        CIRCUIT DIAGRAM 

 

HARDWARE (Prototype) IMPLEMENTION 

 

 

Fig. 1 Hardware Prototype 

Traffic signals are operated in the specific order by Arduino code. Whenever there is an interruption 
caused due to transmitter signal by the ambulance through RF transmitter that is received by the RF 
receiver, traffic signal at that specific junction goes green to provide a path for the ambulance the 
code for such cases is also included in the arduino code itself. There are three main circuits involved. 
They are: Transmitter circuit, Control circuit and the receiver circuit. The security in the system is 
more is provided by encoder and decoder where address should match in both to transmit signal. 
The heart of the project is the arduino codewhich controls all the other parts. The supply to the 
transmitter circuit is given by 6V battery and the receiver works on 5V taken from the arduino 
supply. 

 
CONCLUSION  

Deploying traffic signaling system definitely helps to ease the flow of traffic, but it should not happen 
at the cost of loosing lives as it doesn’t differentiate between emergency and normal conditions. A 
system is developed which creates connectivity between ambulance and traffic signal that can 
definitely solve the problem of loosing lives due to traffic congestion with a more commonsensical 



approach. Finally we have proved that we can solve any problems with the help of latest and 
emerging technologies in electrical and electronics engineering 
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ABSTRACT 

Electric vehicles available today are not up to the performance that modern bikes are reaching. 
Electric bikes are not much familiar due to lack of acceleration, high speeds and torques and long 
charging time. The first three drawbacks can be overcome by coupling a variable transmission system 
to the electric drive that is being used in electric bike. This project mainly deals with the retro-fitment 
of transmission system into an electric bike. 
 
The purpose of the project was to convert a IC engine powered motorcycle into an electric one.  The 
primary objective is to design an electric motorcycle to travel a distance of 40-60 km on a single 
battery charge. 

 
1.INTRODUCTION 
 
With ever increase in population increases the needs of transportation has increased. This has led to 
increase in use of fuel vehicles which led to increase in pollution. The advent of electric vehicles 
hasn't changed much due to their poor specifications when compared to fuel vehicles. The 
specifications can be made comparable to that of fuel vehicles by introducing manual transmission 
system into it.  
 

2.MODELLING OF BIKE 
 
The modelling mainly deals with remodeling of the ordinary bike into an electric bike with its own 
transmission system. 
 
2.1 DISSEMBLING OF BIKE AND OTHER NECESSARY CHANGES 
 
The unnecessary parts that add weight to the bike such as fuel tank, silencer, air filter, engine etc. are 
removed. The transmission that is need to be used has been modified as per requirements of electrical 
motor that we are going to choose. The crank shaft that is present in the transmission has been 
replaced by a remodeled shaft to which a sprocket of required size is attached, the motor is connected 
to the transmission system through this sprocket by chain mechanism.  
 
2.2 DESIGN OF ELECTRICAL PARTS OF BIKE FROM DYNAMICS OF BIKE  

 
The electrical parts such as batteries, motor, controller etc. are designed as per the required dynamics 
of the vehicle. The required torques, speeds and power are calculated as follows- 
 
 

 

 



 

 

 

 
 
 
 

 
 
 
Dynamics of bike are calculated as shown below - 

 
Table 1.dynamics of bike 

 
MOTOR:- 
 

The power of motor is estimated from above equations and dynamics which is found to be 3KW and 
the specifications are concluded as 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Figure 1. BLDC MOTOR  
 

Gear  Wheel 
torque(NM) 

Wheel force(N) Air drag 
force(N) 

Frictional 
force(N) 

Net 
force(N) 

1 

2 

3 

4 

177.33 

120.8 

88.65 

70 

806 

550 

403 

315 

44 

93 

170 

230 

50.5 

56.4 

61 

70 

712 

400 

170 

15 

 



 
 
 
 
 
CONTROLLER:- 
 
A suitable controller for a motor has been chosen and the specifications of controller are concluded as 

 
 

Figure 2. Controller 
 
BATTERY :- 

 
     A battery which is sufficient to supply the voltage and 
power to the motor and controller is chosen. The specifications 
of batteries is as follows  
 
- Typical voltage: 48V 
- Nominal capacity: 40Ah 
- Charging current: 5A (0.2C) 
- Charging time: 8 to 9 hours 
- Maximum continuous discharge current:   50A  
-  Maximum peak discharge current :180A 
- Fit motor power: Less 2400W 
- Dimensions :  70*220*360mm 
- Charging end voltage: 54.6V 
- Discharge cut off voltage: 41.0V 
- Quantity required = 2 
 
 

Figure 3. Batteries 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
CIRCUIT DIAGRAM :- 
 
 Controller is connected to the motor, batteries, throttle etc. are connected as per the circuit diagram 
shown below  
 
 
 
 

 
 
 
 



Figure 4. Connection Diagram 
 
 
2.3 ASSEMBLING OF PARTS 

 
The required parts are assembled and the motor is connected to the transmission system through chain 
and sprocket. The motor is connected with the controller to which the speed controller is attached and 
this is connected to electric throttle which is used to accelerate the bike. The batteries are connected to 
the controller. The entire setup is fixed on the bike and remaining necessary parts such as seat, lights, 
brakes etc., are attached. The entire bike is ensured ready for a test drive.     
3.RESULTS 
 
The torques and speeds at different gears are calculated as follows: - 

Table 2.torques and speeds 
 
 
[1] http://kellycontroller.com/kls6030s24v-60v350asinusoidal-brushless-motor-controller-p-1341.html 

[2] Chang - liangXia ,Permanent Magnet Brushless DC Motor Drives and Controls, 4th edition, 
Wiely and sons. 

[3] R.Krishnan, Permanent Magnet Synchronous and Brushless DC Motor drives,6th edition, CRC 
press  

[4] Matthew Coombs and Petty Shoemark, Motor cycle basics techbook, 2nd edition, Haynes tech 
books. 

 
 

Gear  Max speed 
(kmph) 

Acceleration 
(kmph /sec) 

Time taken(sec) 

1 

2 

3 

4 

35 

51 

70 

90 

10.25 

5.76 

0.68 

0.216 

3 

2.7 

7.5 

92 

 

http://kellycontroller.com/kls6030s24v-60v350asinusoidal-brushless-motor-controller-p-1341.html�
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Chang-liang+Xia�
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ABSTRACT 

To overcome the disadvantages of higher duty ratio of normal boost converter a quadratic 
boost converter is proposed. This has been generalised to the nth order boost converter. The 
dynamic performance of the quadratic boost converter for the changes in the input voltage, 
reference voltage and the load is simulated. The output voltage is traced to the desired value with 
the help of the closed loop controlled compensator for the perturbations caused in the input, load 



and reference voltages. The compensation includes a multi loop control with inner current loop and 
an outer voltage loop control. The inner current loop provides the benefits of setting the reference 
voltage and outer voltage loop provides a good regulation of the output voltage. A design oriented 
analog circuit of the closed loop controller is produced with simulation results. 

 

INTRODUCTION 

DC-DC conversions are found to have major applications in industry, organizations, and in 
day-to-day life with the change in the technology [1]. Sometimes the application needs an amplified 
voltage on the output, for which the boost topology can be utilized. A still further increase in the 
voltage is forecasted as a part of the revolution in technology. To increase the output voltage on the 
output the duty ratio has to be increased, which makes us compromise on the efficiency of the 
converter. When the duty ratio is operating at its maximum limit it becomes difficult to compensate 
the changes in the load and as well as the changes in the reference and input voltages [2]. To serve 
the purpose of increased voltage a cascaded boost converter can be utilized. This converter topology 
can increase the voltage than the basic boost topology for a given duty ratio. The major disadvantage 
of this converter is the degradation of the efficiency because of the increased switching losses. If the 
voltage conversion ratio has to be quadratically dependent on the duty ratio then the best solution 
would be the usage of quadratic converter. Maksimovic and cuk had stated different quadratic 
converter topologies and their operations [3]. The quadratic converter topology provides an 
electrical equivalence as the cascaded converter but uses only a single switch. 

 

Figure 1: Quadratic Boost Converter 

 

 

The two LC filters incorporated in the converter is the reason for the fourth order dynamics 
exhibited by the converter. Applying the volt-sec balance across the two inductors the voltage 
conversion ratio of this converter is given by 

 

 

 



The voltage stress on the active switch and on the diode which is on the output side is equal 
to output voltage. This stress can be reduced by incorporating the energy storage elements as 
discussed by [7]. 

 

The practical values of the on-state resistance drop of switch , the drain to 
source capacitance value  the effective resistance of inductor  the forward cut in voltage of 
the diode  are utilized to calculate the efficiencies of the cascaded boost and quadratic boost 
converter. The presence of the extra switch which is present in the cascaded boost converter 
decreases the efficiency than that of the quadratic boost converter. 

 

 

 

 

 

Where 

 

 

 

 

 

 

 

The calculated efficiency obtained for the cascaded boost is 82.89% and whereas for the 
quadratic boost converter it is 86.9% this is the reason why a quadratic boost converter is preferred 
over the cascaded boost converter. This is one of the major advantages when we use a single switch 
quadratic boost converter over a cascaded boost converter. 

 

When the energy storage elements i.e., LC filters are increased with utilization of a single 
switch, a quadratic boost converter is formulated. This quadratic boost converter is electrically 
equivalent to that of the cascaded boost converter but has a higher efficiency as mentioned in the 
earlier section. This quadratic nature of the voltage conversion ratio can be extended to a cubic 
dependence of the duty ratio by increasing the energy storage elements. This cubic dependence of 
the voltage conversion ratio on the duty ratio utilizing a single switch is electrically equivalent to a 



three stage cascaded boost converter. This converter exhibits sixth order dynamics. The three stage 
boost converter using a single switch is as shownin the figure below. The voltage Conversion ratio is 
given by 

 

Figure 2: Three Stage Boost Converter 

  

This quadratic dependence of the duty ratio can be extended to nth order dependence by 
increasing the stages of energy storage elements to n number of order [4]-[6]. The voltage 
conversion ratio can be given by 

 

 

 

Where n is the number of stages 

 

This paper provides the dynamic response of the system for the changes in the input voltage, 
reference voltage and switching of load. Basically current mode control and the voltage mode 
control are available for the closed loop control of a system[8]. This modes of control helps to reduce 
the influence of the disturbances occurred due to input, reference voltages and changes in load on 
the output voltage. In the voltage mode control, the output voltage is considered for the feedback 
purpose. In the current mode control the first inductor current of the quadratic boost converter has 
to be utilised. The second inductor current has a non-minimum phase transfer function this is the 
reason why we utilise only the first inductor current for feedback control. The purpose of this paper 
is to provide a multi loop control of the quadratic boost converter. For the control model the transfer 
functions of the output voltage and inductor current to that of the control signal are obtained 
through linearization techniques. 



 

This paper is presented with linearization of the proposed quadratic boost converter as 
shown in section II. A multi loop control with current mode and voltage mode controller is presented 
in section III . A design analysis of the compensated converter is presented in section IV. The 
simulated results of the dynamic response with changes in input, reference voltages and changes in 
load is presented as a part of section V. 

 

LINEARISATION OF THE CONVERTER 

 

The converter changes back and forth between the two switching states. To represent the 
control model these switching states are to be dynamically represented through averaging. The state 
space representation of the on-state and off-state is utilised for the averaging model. 

 

 

In the above equations the matrices A,B,C are valid functions of the duty ratio of the 
quadratic converter. In order to define different transfer functions for the controlling we need to 
linearise the equations. To obtain the dynamic response of the system we consider the perturbations 
in the dynamic variables which can be obtained as time varying inputs in d(control signal) and 
Vg(input voltage) 

 

 

 

 

 

The dc term, linear and nonlinear small signal terms are obtained from the above equations as given 
below: 

 

 

 

 

The transfer functions are obtained by using 

 



 

 

 

 

Where 

 

 

 

The transfer function of output voltage to that of control signal is given by 

 

 

 

 

Where 

 

 

 

 

 

 

 

 

 

 

 

 

 

The transfer function of inductor current to that of control signal is given by 



 

 

 

 

where 
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Here g = (1-d) 

 

MULTI LOOP CONTROL 

 

The fundamental idea behind the closed loop control of quadratic boost converter is by 
sensing the output voltageand inductor current. The output voltage information obtained using 
voltage sensor is fed back and compared with a reference voltage. The error obtained through this 
comparison is fed through the voltage loop feedback compensator. The inductor current is sensed 
and fed back, practically this can be obtained with the help of a resistor. This overall gain utilized is 
termed as the inductor current sensing gain[9].This is fed to the circuit with the help of a current 
loop feedback compensator and is compared with that of the output of voltage loop feedback 
compensator. The obtained output is utilized for the generation of the pulses after comparing it 
with the reference voltage. The peak amplitude of the triangular reference voltage has a prime 
importance for the generation of required pulses. 

 

 

 

 

 

 

Figure 3: Multi Loop Compensation of Quadratic Boost 

The basic block for this multi loop control is represented in Fig.4. Here (I), (II),(III) represents 
the input, load and reference voltages respectively. To obtain the dynamic response the part (I) is 
replaced by the Fig.5(a) This shows the change in the input voltage. The part (II) of the figure is 
replaced by the change in the load as shown in Fig.5(b) Whenever there is a change in the reference 
voltage the (III) part of the Fig.4 is replaced by Fig.5(c). 

 

 

 

 

 

 



 

 

 

 

Figure 4: Multi Loop Control of Quadratic Boost Converter for Changes in Input Voltage, 
Changes in Load and Changes in Output Voltage 

 

 

 

 

 

 

 

 

Figure 5: (A) Step Change in Input Voltage (B) Change in the Load (C) Step Change in Reference 

 

So, whenever there is a change in the reference voltage the error obtained after the 
comparison of the reference voltage with that of output voltage is fed through the compensator and 
accordingly the duty ratio of the converter changes and this allows the output voltage follow the 
reference voltage. Not only the changes in the reference voltage but also the sudden changes in the 
input and also the load will be traced and the error generated will change the duty ratio in order to 
obtain the required output voltage. 

 

DESIGN OF CONTROLLER 

 

The two transfer functions (a) and (b) are used to the design the compensator. The transfer 
function of the output voltage and inductor current to that of the control signal have inherent 
oscillation phenomenon. 

 

 

 



 

 

 

 

Figure 6: Bode Plot of Current Loop 

 

The Bode plot as shown in Fig.6 of the transfer characteristics shows a peak because of the 
inherent oscillations present and this function is utilized to design a compensator. In order to reduce 
the peak oscillations a lag compensator is chosen. This compensator has a form of 

 

 

 

 

is utilized for the voltage loop and an integrator with lag compensator of the form 

 

 

 

 

is incorporated into the current loop. The inner current loop is firstly designed with 
integrator with lag compensator and later a lag compensator is developed for the outer voltage 
loop.[a].In order to get a steady state error of 2% the gain of the compensator has been designed 
accordingly. A value for the inductor current sensing gain is chosen according to the bode 
plot.[b].The oscillation peak in the bode plot gets reduced with the designed compensators.[c].The 
gain at low frequencies has been chosen high in order to improve the steady state accuracy. 

 

 SIMULATION RESULTS 

 

The above circuit as shown in Fig.4 and Fig.5 are simulated using the MATLAB SIMULINK and 
the results are plotted as shown below. The fig.7.and fig.8. Shows the change in the output voltage 
and current for the changes in the input voltage.The fig.9.and fig.10 indicates the changes in the 
output voltage and current for the changes in the load before and after compensation. The fig.11 
and fig.12 represents the compensated output voltage and current for the change in the reference 



voltage. 

The values used for the simulation are 

 

Table 1: Values Used for Simulation of Analog Circuit 

 

Variable Value 

R1 250ohm 

C1 10Uf 

R2 500ohm 

C2 10uF 

Rl1 270ohm 

Cl1 10nF 

Rl2 1000ohm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 7: Change in Output Voltage for Change in Input Voltage 

 

 

 

 

 

 

 

 

Figure 8: Change in Output Current for Change in Input Voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Output Voltage for Change in the Load 

 

 

 

 



 

 

 

 

 

Figure 10: Output Current for Change in Load 



 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Change in Output Voltage for Change in Reference Voltage 

 

 

 

 

 

 

 

 

Figure 12: Change in Output Current for Change in Reference Voltage 

 

CONCLUSIONS 

 

The usage of single switch unlike the cascaded boost converter adds a major advantage to the 



 

quadratic boost converter. The two LC filters incorporated in the converter are the reason for forth order 
dynamic behaviour. The response of the converter for the changes in the input, reference voltages and 
load can be controlled by the closed loop compensator design. The inner current loop adds an advantage 
in protecting the circuit for over currents, and the outer voltage loop helps in maintaining the regulation 
of the converter. The control of the steady state error with proper design of the compensator is also 
presented. 
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ABSTRACT 

The multilevel inverters are in favor of academia as well as industry in the recent decay for 
high power and low voltage applications, due to their ability to synthesize waveforms with better THD 
and attain higher voltages. An important issue of the multilevel inverters is the capacitor voltage 
balancing problem. In this paper balancing of dc link capacitor voltage of three level diode clamped 
inverter and five level diode clamed inverter using sine PWM associated with phase shift is 
considered. The proposed control strategy balances the capacitor voltages, and decreases the harmonic 
content of voltage and current. The simulation results will verify the effectiveness of the proposed 
control strategy, and the variation of Total Harmonic Distortion (THD) is observed with the variation 
in load. 

INTRODUCTION 

 Recently, there is a growing demand for high-power conversion systems with high output 
voltage and low harmonics. Since the multilevel inverters have many advantages, including higher 
voltage capability with the same switching devices, higher quality output voltages and currents, they 
have been receiving much attention in high power applications, such as industrial drives, traction and 
power systems, with lower switching frequency and lower harmonic contents of the output 
waveform. The concept of multilevel inverter depends on the levels of voltages that are added to 
create a smoother AC signal. One of the most popular topology is the Diode Clamped/Neutral Point 
Clamped (NPC) three-level inverter topology has been proposed. 

 However in NPC three level inverter, the DC link voltage is divided by two capacitors in an 
equal ratio. The severe problem with the three level inverter is the fluctuation in the neutral point 
voltage. The positive current flowing out or the negative current flowing into the neutral point can 
result in the unbalance of the neutral point. Unbalance of the neutral point potential is a significant 
problem in the neutral point clamped multilevel inverters. The specific reasons of neutral point 
voltage unbalance can be associated with Non uniform DC link capacitors, operating conditions, load 
types. Neutral point voltage unbalance increases output voltage harmonics, may drift the output 
voltage to unacceptable level, may damage the switching devices and filter capacitors. 



 

Several neutral-point voltage balancing techniques have been proposed in the literature. In [1] - 
[3], a zero sequence voltage is added to the commanded voltage to bring the voltage unbalance to 
zero. This method requires the analysis of the power factor of the load, currents and is difficult to 
implement under transient conditions. In [4] an offset value is added to adjusted phase to maintain 
the neutral point voltage balance. The most popular SPACE VECTOR PWM scheme proposed in [5] is 
the most effective and more complex to implement for voltage balancing control than the proposed 
scheme of SPWM. 

 In this paper, a SPWM scheme is developed for NPC multi level inverter, which provides 
voltage balancing control with three level and five level switching waveforms. This scheme requires 
only the measurement of load current and DC link capacitors voltage difference which will be 
detailed in the following sections. The neutral-point voltage balancing scheme is based upon adding 
the appropriate bias (B) to the commanded voltage, hence the performance of the load is not 
affected. 

 

NEUTRAL POINT CLAMPED INVERTER  
  In an m level inverter (m-1) number of DC link capacitors and number of carrier 

waveforms, 2(m-1) switching devices and (m-1)*(m-2) diodes are required in each arm of the 
inverter. The schematic of NPC three level inverter is as shown in Fig. 1. Each arm of the inverter can 
be connected to either the positive (p), negative (n), or neutral (o) terminal of the DC link. As can be 
seen in Fig. 1 is a three level inverter since each arm can create the three voltage levels Vdc/2, 0, -
Vdc/2. In between the upper and lower two valves there are diodes, called clamping diodes 
connected to the midpoint of the series capacitors, marked as o in Fig. 1. All these diodes and 
capacitors will block the voltage rated for Vdc/(m-1) in general, where m is the level of the inverter. In 
an NPC inverter as the level of inverter is increasing the voltage levels or the steps will be smaller and 
the waveform is similar to a sinusoidal waveform. In the proposed configuration, a three level and 
five level neutral point clamped inverters are briefly discussed and the capacitor voltage balancing is 
implemented by considering Sine PWM scheme associated with phase shift in sine wave and level 
shifted carrier waveforms or In Phase disposition carrier waveforms. 

 

Fig. 1 Schematic of the NPC three level inverter. 

1) For an output voltage of VA= +Vdc/2, all the upper half   switches of A-phase arm are turned  

ON i.e., Switches S1, S2 are ON and switches S3, S4 are in OFF state. 



 

2) For an output voltage of VA= -Vdc/2, all lower half     switches of A-phase arm are turned ON  

i.e., Switches S3, S4 are ON and switches S1, S2  are turned OFF. 

3) For VA= 0, the middle two switches S2, S3 turned ON and switches S1, S4 are in OFF position. 

 

Table 1 shows the different voltage levels and their corresponding switching states. Here state 1 
means the switch is in ON state, and state 0 means the corresponding switch is in OFF state. 

 

 

TABLE I. SWITCHING STATES FOR A-PHASE ARM OF 3-LEVEL NPCI. 

 

S.NO
. 

Single arm switches  

Outp
ut 

Volta
ge 

 

S1 

 

S2 

 

S3 

 

S4 

1. 1 1 0 0 +Vdc/2 

2. 0 1 1 0 0 

3. 0 0 1 1 -Vdc/2 

 

 From the table I it is observed that the switches S1, S3 and S2, S4 are the complimentary 
switches i.e., when the switch S1 is in ON state S3 will be in OFF state and vice versa. In the same way 
S2 and S4 are complimentary switches.   

 The level of the inverter can be verified with the help of pole voltages only, which is 
measured between any one phase and midpoint of the dc link capacitors. The pole voltage will 
contain the voltage steps as 0, ±Vdc/2 for the three level NPC inverter. The number of steps in each 
phase-phase and phase-neutral voltages can be determined from the following calculations. 

The possible pole voltages for each arm of the inverter are  

VAO=0, ±Vdc/2; VBO=0, ±Vdc/2; VCO=0, ±Vdc/2  

From these pole voltages the line-line voltages are obtained as in equation (1). 

VAB= VAO - VBO; VBC= VBO - VCO; VCA= VCO - VAO             ... (1) 

 

Line-neutral voltages can be obtained as in equation (2).  

VAN= (VAB-VCA)/3; VBN= (VBC-VAB)/3; VCN= (VCA-VBC)/3… (2)       



 

 

PROPOSED SPWM SCHEME FOR NEUTRAL POINT VOLTAGE BALANCING 

 There are so many modulation techniques to generate the gating signals for the operation of 
inverter switches in an appropriate way in a manner to convert the applied DC voltage to an AC 
voltage. SPWM modulation scheme is most widely used method to generate gating signals, because 
it is very easy to implement by using digital technique and extended to use in higher level converter 
topologies. For the three level neutral point clamped inverter switching pulses are generated by 
comparing a sinusoidal reference wave with the vertically shifted triangular carrier waveforms. In 
general an m-level diode clamped inverter using level shifted multi carrier modulation technique 
needs (m-1) triangular carriers, all of which have the same frequency and amplitude. All the (m-1) 
triangular carriers are disposition vertically in such a way that the bands are in contiguous. There are 
three modes of alternative PWM strategies with different phase relationships for the level shifted 
multicarrier modulation. 

1) In phase disposition; in which all the carrier wave forms are in phase. 

2) Phase opposition disposition; in which the carrier waveforms above reference are in phase 
and are 1800  out of phase with the carrier waves below the reference.  

3) Alternate phase opposition disposition; in which each carrier waveform is out of phase with 
its neighbor carrier wave by 1800. 

 In the proposed scheme of SPWM, in phase disposition of carrier waves for NPC three level 
inverter are as shown in       Fig. 2(a) and the corresponding switching pulses are as shown in Fig. 
2(b). 

 

Fig. 2(a) SPWM scheme for NPC three level inverter. 

 

 

Fig. 2(b) Pulses generated in the SPWM In Phase Disposition scheme. 
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  When the reference wave is greater than the upper carrier wave, the switch S1 is ON and S3 is 
OFF. In contrast, if the reference wave is greater than the lower carrier wave, switch S2 is ON and S4  
is OFF. In this scheme three phase sinusoidal reference waves  each shifted by 1200 are used to 
compare with level shifted carrier waves  to generate gating signals for the corresponding phases. In 
this configuration, modulation index is less than 0.95. 

 The three phase reference voltages are expressed as 

 VA= Vmsin(ωt)         …(3) 

VB= Vmsin (ωt-1200)           … (4) 

 VC= Vmsin (ωt-2400)           … (5) 

 Where Vmis peak amplitude value of the reference wave, and ωt is the fundamental angular 
frequency (radian/s). The carrier frequency is assumed to be sufficiently high (integral multiples of 
reference wave frequency) compared with the reference wave frequency. 

 The average value of load current under steady state is always zero i.e., IA+IB+IC=0 because 
thecapacitors are balanced with half of the DC bus voltage (Vdc/2). But under transient conditions the 
DC link series of capacitors will unbalance i.e., the voltage difference between the two capacitor 
voltages is not 0 (zero), it may be a positive value or a negative value, will result into neutral point 
voltage which will shift up or down from the reference value. This unbalanced voltage of capacitors 
will have a severe affect on the circuit elements, that it may damage the sensitive equipments, and 
operating switches in the circuit.  

 To balance this neutral point voltage it is necessary to shift the reference wave in opposite 
direction to the shift in the neutral point voltage. In order to shift the reference wave, add a 
appropriate bias (B) value to the reference wave before comparing with carrier wave, in opposite to 
neutral point voltage shift. The following flow chart will describes the implementation of proposed 
scheme for the selection of Bias value as shown in Fig. 3. 

 

Fig. 3 Flowchart for the proposed neutral-point voltage balancing control technique. 
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X is the product of capacitor voltage (V1-V2) difference and sum of the entire load current. The 
value of the bias term B is relative to the peak value A of the reference wave i.e.,      B < A/2. If the 
capacitor voltage (V1-V2>0) difference is a positive value and the neutral current (IA+IB+IC>0) is also a 
positive value, then a negative bias (B) value is added to the reference wave. If V1-V2>0 and IA+IB+IC<0 
then a positive bias (B) is added to the reference wave. If the V1-V2<0 and   IA+IB+IC>0, then a positive 
Bias value is added, and if capacitor voltage difference (V1-V2<0) is negative and the neutral current 
(IA+IB+IC<0) is also a negative value then  again a negative Bias value is added to the reference wave. 
The addition of bias value (B) to the reference wave in appropriate direction can be done according 
to the table II.  

TABLE II. SELECTION OF THE DIRECTION OF BIAS (B) VALUE. 

 

  

 

 

 

Where Ix represents the neutral current i.e., 
the sum of the load currents. The digit 1 
represents that the neutral-point voltage, neutral current and reference wave are shifted up from 
the reference value zero, where as -1 represents the shift in the opposite direction. 

  

The complete scheme of neutral point voltage balancing is shown in the Fig.4. 

 

Fig. 4 Control scheme in three level NPC inverter capacitor voltage balancing. 

V1-V2 Ix Bias  

1 1 -1 

1 -1 1 

 1 1 

-1 -1 -1 

-1 



 

 The input to controller is the product of digital values of capacitor voltage (V1-V2) difference 
and the neutral current. Depending on the output of the controller, the logical switch will select the 
appropriate bias (B) value. If the controller output is +1 then the logical switch will select the 
negative bias value, if the controller output is -1 then positive bias value is selected by the logical 
switch. If the controller output is 0(zero) then logical switch will select 0 (zero). This bias value is 
added to the reference wave and then compared with the carrier wave whose frequency is very high 
when compared with the reference wave. The generated gate signals are given back to the 
semiconductor switches of R phase. For other two phases the same bias value is added to the 
reference wave with 1200 phase shift for each phase. The Fig. 5 will convert the analog signals of 
capacitor voltage difference and neutral current(Ix=IA+IB+IC) into digital signals.   

 

 

 

 

 

 

Fig. 5. Analog to digital converter of (V1-V2) and Ix. 
 

SIMULATION RESULTS AND ANALYSIS 

 The developed control strategy for voltage balancing of three level NPC inverter is 
implemented using MATLAB Simulink toolbox and results of the simulation study are presented. The 
DC link voltage of 400 V and two DC link capacitors of 4940μF are used. Inductive and Resistive loads 
with different values are used. Fig.6 and Fig.7 shows the unbalanced and balanced neutral point 
voltage.    

 

(a)Fig. 6   Neutral point voltage of three level NPC inverter without voltage balancing. 
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Fig. 6 which shows that the neutral point voltage of three level NPC inverter without voltage 
balancing control varying over a wide range i.e.,  +40 V to -40 V, which may damage the sensitive 
equipments in the system. 

 

Fig.7 Neutral point voltage of three level NPC inverter with voltage Balancing. 

From Fig. 7 it is observed that the variation in neutral point voltage is improved to 99% when 
compared with voltage unbalanced neutral point voltage.  

 Fig.8 shows pole voltage, line voltage and phase voltage of three level NPC inverter without 
voltage balancing. 

 

(a)Unbalanced pole voltage waveform. 

 

(b)Line-Line unbalanced output voltage waveform. 
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(c)Line-neutral unbalanced output voltage waveform. 

Fig. 8 Unbalanced output voltage waveforms of three level NPC Inverter. 

 Fig. 9 shows the pole voltage, line voltage, phase voltage and phase current of three level 
NPC inverter with voltage balancing. 

 

Pole voltages of Balanced Three level NPC Inverter. 

 

(b)Line-Line Balanced output voltage of three level NPC Inverter. 

 

(c)Line-Neutral Balanced output voltage of Three level NPC Inverter. 
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(d)Line-Neutral Balanced output current of three level NPC inverter. 

Fig. 9 Balanced output voltages and current waveforms of three level NPC Inverter. 

From Fig. 8 and Fig. 9 it is seen that the proposed control strategy developed for neutral point 
voltage balancing of three level NPC inverter is functioning effectively. 

The capacitor voltage difference in unbalanced and in balanced system is shown in Table III. 

TABLE III. CAPACITOR VOLTAGE DIFFERENCES IN UNBALANCED AND BALANCED SYSTEM OF THREE 
LEVEL NPCI. 

Load 
inductance 
in (H) 

Unbalanced 
capacitor 
voltage 
difference(V1-
V2) in volts 

Balanced 

Capacitor 
voltage 
difference(V1-
V2) in volts 

10*10-12 

 

12.77 0 

10*10-9 

 

12.7 -0.0015 

100*10-9 

 

-16.83 0.0029 

10*10-6 

 

17.9 -0.001539 

100*10-6 

 

22.85 0.91 

10*10-3 

 

24.8 -0.0892 
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100*10-3 

 

-36.8 0.6361 

  

From Table III it is seen that the proposed technique is improving the unbalanced capacitor 
voltage difference problem by more than 95%, for variable inductive loads. 

 Voltage and current Total Harmonic Distortion (THD) for different load conditions in a 
balanced three level NPC inverter system is shown in Table IV. 

TABLE IV. VOLTAGE AND CURRENT THD VALUES IN A BALANCED SYSTEM. 

Load 
inductanc
e  in (H) 

Capacitiv
e Voltage 
Difference 
(V1-V2) in 
volts 

%THD 

 

Voltag
e 

 

Curre
nt 

10*10-12 0 

 

14.44 15.43 

10*10-9 -0.0015 

 

14.75 16.55 

100*10-

9 
0.0029 

 

16.81 17.55 

10*10-6 -
0.001539 

 

15.11 16.43 

100*10-

6 
0.91 

 

16.85 16.88 

10*10-3 -0.0892 

 

18.32 18.94 

100*10-

3 
0.02361 

 

19.40 15.35 



 

1000*1
0-3 

0.6087 

 

18.77 13.80 

 

 Comparison of THD values of line-line voltage for balanced and unbalanced systems with 
different resistive and inductive values is shown in Table V. 

TABLE V. COMPARISON OF THD IN BALANCED AND UNBALANCED SYSTEMS. 

 

LOAD 

%THD 

Without 
balancing 

With 
balancing 

R=200Ω, 
L=100e-3H 

46.79% 19.97% 

R=100Ω, 
L=10e-3H 

45.61% 18.69% 

R=200Ω, 
L=100e-6H 

45.42% 15.51% 

R=10 Ω,  L=2e -
3H 

36.14% 15.89% 

R=500Ω, 
L=100e-6H 

31.46% 15.85% 

 

  With the same proposed technique of stabilization of DC voltage, Five level NPC inverter is 
also implemented and stabilized the system voltages with the help of suitable Bias value.  

 The voltage waveforms of Five level NPC inverter are shown in Fig. 10. Comparison of   
balanced Three level NPC inverter and Five level NPC inverter with its THD values is as mentioned in 
the Table VI.  



 

 

(a)Pole voltage of Balanced Five level NPC Inverter. 

 

 

(b)Line-Line Balanced output voltage of Five level NPC Inverter. 

 

 

(c)Line-Neutral Balanced output voltage of Five level NPC inverter. 

Fig. 10  Balanced output voltages of Five level NPC inverter. 
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From Table VI it is observed that the THD is to 30% to 40% in five level inverter when compared 
with three level NPC inverter. 

TABLE VI. THD COMPARISON OF THREE LEVEL AND FIVE LEVEL NPC INVERTER. 

 

Load 
inductance  in 
(H) 

 % THD  

Three 
level 
inverter 

Five level     
inverter 

10*10-12 14.44 8.79 

10*10-9 14.75 10.57 

100*10-9 16.81 12.54 

10*10-6 15.11 8.54 

100*10-6 16.85 12.54 

10*10-3 18.32 9.84 

100*10-3 19.40 9.72 

1000*10-3 18.77 12.72 

 

CONCLUSIONS 

 The neutral point voltage balancing scheme for NPC three level inverter is analyzed and 
simulation results are displayed with the better THD. In this paper stabilization of neutral point 
voltage is achieved for Three level and Five level NPC Inverter up to a high value of inductive load 
with addition of a particular bias value in appropriate direction to the reference wave. There is an 
significant reduction in harmonic loss minimization and effective capacitor voltage balancing control 
is also achieved. This work can be extended to higher level of NPC inverters. 
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ABSTRACT 

This paper proposes a dynamic frequency and power flow control strategy for power 
conversion system to supportgrid during dynamic changes in the energy demand. Proposed 
control scheme contains dynamic frequency controller alongwith grid supporting controller. 
Dynamic frequency controller is a limited time controller, which limits the frequency droop for 
sudden changes in the load demand. Grid supporting controller is a full time controller which 
continuously controls power flow from DG to grid based on frequency and voltage droop. 
Proposed system is simulated in 

Matlab/Simulink and results are presented. 

 

INTRODUCTION 

Now a days, the demand of electricity is increasing, so to meet the demand renewable 
energy like solar, wind energy etc., come in to picture and solar energy is abundant in nature. 
DG integrated to the grid is happening in view of energy demand. Whenever significant DG is 
available sudden changes in the energy demand can be met. But it is also equally important, 
how fast the DG control system acts . As the sudden and significant changes in the energies 
demand will cause huge frequency and voltage droop, which may lead to isolation of control 
area in which DG is present. Present paper proposes control scheme to limit the frequency and 



 

voltage droop and continuously control the power flow to grid from DG. 

 

DG generates DC-Power is boosted up by Multilevel Interleaved DC-DC boost converter 
[1] which is further converted to AC-Power by voltage source inverter(VSI) .VSI interface DG 
and main grid by converting DC-power into AC-Power. VSI switches are controlled by the 
mathematical model of space vector pulse width modulation in [2]. VSI not only converts the 
power but also control the power flow to the load. VSI is controlled based on the droop of 
frequency and voltage magnitude at the DG output which indirectly control the active power 
and reactive power. Active power depends on the phase angle. If frequency is changed that 
indirectly affects the flow of active power. Change in voltage magnitude will affects the flow of 
reactive power to grid. 

 

In this paper a dynamic frequency controller is designed[5] which works based on the 
load dynamics, from which change in phase angle is determined and incorporated in the PWM, 
which indirectly control the flow of active power. Similarly a controller is designed to obtain 
change in magnitude, that error is incorporated to PWM to control the reactive power flow[6]. 

 

 

MULTILEVEL INTERLEAVED DC-DC BOOST CONVERTER. 

 

Multilevel interleaved DC-DC boost converter will convert the input voltage based on 
duty ratio, which can be input from MPPT control of solar or wind generator. Interleaved boost 
converter is designed with two boost converter connected in parallel with a single capacitor at 
its output as shown in fig.2. 



 

 

Operation of switches are controlled by the interleaved method, it is nothing but phase-
shifted switching function. As two DC-DC boost converter are connected in parallel a phase 
shift of 180 degree is maintained in between two control signals that are provided to the 
switches [1]. 

 

 

OPERATION OF MULTILEVEL INTERLEAVED DC-DC BOOST CONVERTER. 

 

In order to simplify the calculation it is assumed that the inductance value are taken equal for 
both the 

converters.i.e. L11 = L12 = L21 = L22. 

From time T0 – T1 ,Q11 and Q21 are closed and Q12 , Q22 are opened. The current of the 
inductorsL11 ,L21 starts torisewhile L12 , L22 are dischargesthrough the capacitor. 

      

  

Q11 , 

Q21  

Q11 , 

Q21  

       

 

 

 



 

 

180O Q12 , Q22 

 

T0 T1 T2 T3 T4 

 

Figure 3: Timing Control Signals 

 

7. From time T1 –T 2 , Q11, Q12, Q21 are open ,all the inductorsdischargesthrough the 
capacitor.  

 

8. From time T2 – T 3 ,Q12and Q22 are closed and Q11 , Q21 are opened. The current of the 
inductorsL12 ,L22starts to risewhile L11 , L21 are dischargesthroughcapacitor.  

 

9. From time T3 – T 4 all the switches are opened and 
alreadychargedinductorsdischargedthrough the capacitor.[1]  

 

STATIC CONVERTER 

 

Power electronic converters are used in Distribution generation for power conversion 
and to control power flow inside the Distribution generation as well as within the main grid. 

 

In this paper voltage source inverter is used to convert DC- Power to AC- Power and it 
plays major role in control of Active and reactive power. 

 

Inverter can be controlled by space vector pulse width modulation.Mathematical model 
of space vector pulse witdth modulation is given. 

 

Step1:- Read the sampled amplitudes of VAN ,VBNand VCN for sampling interval. 

 



 

Step2:- Determine the time equivalents of phase voltages i.e., 

Ʈas ,Ʈbsand Ʈcs 

Ʈas= VAN * Ʈs(n-1)/Vdc. 

 

Ʈbs= VBN* Ʈs(n-1)/Vdc . 

 

Where ‘n’ is the number of levels. 

 

Step3:- Determine Ʈ maxand Ʈ minwhich are maximum and minimum of Ʈ as ,Ʈbs 

,Ʈcsrespectively. 

 

Step4:- Ʈavg= -(Ʈmax+ Ʈmin)/2 

 

Step5:- Determine Ʈ*as , Ʈ*bsand Ʈ*csas 

 

Ʈ*as = Ʈas+ Ʈavg. 

 

Ʈ*bs= Ʈbs+ Ʈavg. 

 

Ʈ*cs= Ʈcs+ Ʈavg. 

Step6:-Compare Ʈ* as,Ʈ*bs,Ʈ*cswith triangular signal to obtain pulses to the inverter 
switches.[2] 

 

FILTER DESIGN 

 

Inverter output voltage contains high frequency switching harmonics which are to be 
filtered before feeding the load. A typical second order low pass filter can be used to avoid 



 

harmonics of order of switching frequency or multiples of it. A second order filter gives better 
attenuation than first order at any given frequency. So, an LC filter is preferred over L filter[3]. 

 

Table 1 Properties of Filter 

 

The design procedure of LC filter is clearly explained in this paper. 

 

Figure 4: LC Filter 

Transfer function of LC filter. 

 

Comparing it with standard second order characteristic equation, 

 

 

Voltage drop in the filter is expressed as 



 

 

 

Δ is the duty ratio. Tsis switching time period. 

 

As per IEEE standards 519-1992, the allowable range of ripple is 15 - 20% of rated current. 

 

Rated current of output/load, 

 

Where S and V are apparent power and voltage rating of load respectively. Select resonating 
frequency fo to be 

1/10 of switching frequency fs to get 40 dB attenuation 

 

 

Choose ζ in the limits 0 < ζ <1 to get stable response.[3] 

 

DYNAMIC FREQUENCY CONTROLLER(DFC) AND GRID SUPPORTING CONTROLLER. 

• Function of DFC ismainly to accelerate the power flow from DG to grid. It fills up the 
energy gap 

• Betweendemand and supplyquickly. Thengridsupportingcontrollercomesintopicture. So 
DFC 

• isaprimarycontrollerwhereasGridsupportingcontrolleris a secondarycontroller. 
• DFC ismodeledassuminggrid as a control area. 
• DFC controlleragainconsists of frequencydroop compensation loop and steady state 

error eliminatorwithKsgain. 
• Control area isconsidered as a 4thorder system consideringgenerationdelay at power 

station as TT ,Tsg and 
Tpisconsidered as delay due to system inertia as shown in fig. Typical standard values of 
time delays and gains 



 

were chosen to implementcontroller[5] as shown in table II. 

 

Table 2: Parameter Values for Dynamic Frequency Controller 

 

 

From fig.6.where ΔPdIs the demanded power 

ΔPris the power obtained at the distribution generation 

 

By partial fraction 

 

On solving the above equation, the arbitrary constants are 

 

Apply inverse Laplace transform 
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Figure 6: Dynamic Frequency Controller 

 

Grid supporting controller is secondary controller to respond dynamic changes. Basic equation 
for active andreactive power control are given from[4]. 



 

 

Where Ed is distribution generation voltage and Eggrid voltage, δ is the phase angle 
difference between the EdandEg. As phase angle difference is typically small we can assume 
sin(δ) = δ.and cos(δ) =1. In overhead lines X>> R so wecan neglect the R. Therefore the flow of 
real power is proportional to the phase angle difference and flow of reactive poweris 
proportional to the voltage magnitude difference (Ed - Eg).The real power from each 
Distribution generation unit can becontrolled by varying the Distribution generation output 
frequency and hence the phase angle. Reactive power can beregulated by changing the 
distribution generation output voltage magnitude, which makes a difference in the grid 
voltageand distribution generation voltage, that error used to overcome the reactive power. 
Dynamic frequency controller isdesigned based on load dynamic to compensate the required 
active power and voltage magnitude change controller isdesigned to overcome the need of 
reactive power.[4] 

 

A controller is designed as in the fig.6. which takes the input as voltage, current, power, 
which gives output as change inmagnitude. This change in magnitude is given to the PWM. To 
this controller dynamic frequency controller output isadded which is additional further to the 
controller to react controller based on the dynamics of load. 

 

SIMULATION RESULTS 

• Active power transfer to grid with change in loadisshown in fig.7. withoutcontroller. 
Evenwith change in load at2.5sec the DG issupplying constant power 
throughoutitsoperation. 



 

 

Figure 7: Without Controller, Load Change at 2.5sec 

 

• Active power transfer to gridwith change in load at 2.5sec isshown in fig.8. 
withcontrollerwecan observethereisaincrease in power flow. 

 

 

 

 

 

 

 

 

 

Figure 8: With Controller, Load Change at 2.5sec 

 

Dynamicfrequencycontroller output as shown in fig.9. and fig.10.  

 

 



 

 

 

 

 

 

Figure 9: Output of Dynamic Frequency Controller 

 

 

 

 

 

 

 

 

Figure 10: Integration of Output of Dynamic Frequency Controller to Obtain Change in Phase 
Angle 

 

Reactive Power flow to gridwithcontrollerwith change in load at 2.5sec.  

 

 

 

 

 

 

 

 



 

Figure 11: Reactive Power Flow, Change in Load at 2.5sec 

 

 

 

Voltage magnitude regain aftersudden change in load at 5 seconds. This plots 
clearsthatwithsudden change in loadreactive power requirementishappensowith the help 
of controller the reactive power requirementisovercomethatcanbeseenwith the regain of 
the voltage magnitude. 

 

 

Figure 12: Inverter Output Voltage with Voltage Regain at t=5sec 

 

CONCLUSIONS 

Steady state analysis of dynamic frequency and grid support controller for grid tied 
power conversion system. Multilevel interleaved DC-DC boost converter is used as a DC-link 
and Voltage source inverter is simulated to interface DG with Grid and to control the power 
flow to the grid. A dynamic frequency controller is designed to control phase angle of static 
converter with respect to frequency changes to handle sudden changes in energy demand and 
implemented along with a grid supporting active and reactive power control of VSI in 
Matlab/Simulink. Simulation is done with sudden change in load, respective results are plotted 
and effectiveness of the controller is clearly seen in the results. 
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INTRODUCTION  

It is a fact that India has one of the highest rates of motorcycle injuries. More importantly, about 76% 

sustain head injuries, which is 25 times higher than that in any developed countries. Statistically, 40% of 

those killed and injured on Indian roads are motorcyclists.  

It is known fact that wearing a helmet brings down the severity of brain injury, skull fractures and 

neurological disabilities after an accident. The risk of death is nearly 2.5 times more among riders without 

helmets. Wearing helmets not only saves lives but reduces health care costs. However, people in general 

avoid it. Less than 50% usage is observed. 

The primary reason why people avoid the use of helmets is heat concentration that results in sweating, 

suffocation and subsequent irritation. There is utmost need to map the temperature distribution inside the 

helmet in different conditions, so as to develop ways to mitigate it.  

In this regard, thermocouples and various other temperature measuring devices were used to measure 

temperatures and map them on the area of average of human head. The rise in temperature inside the helmet 

was found to be high and very discomforting. 

Another major reason for heat concentration and discomfort while using helmet is caused by ill-fitting 

helmets, owing to standardisation of helmet sizes globally. Mass customisation for perfect sizing pertaining 

to the demand can be introduced with the latest 3D printing technologies. 

In this regard, a full scale helmet has been designed using CATIA V5R18 designing software and 3D 

printed using MakerBot Replicator Z18 3D Printer. The material used for printing is Poly Lactic Acid 

(PLA), which is a thermosetting plastic. 

 

 



 
 

 

. 

Fig No. 1 - Flow Chart for FDM1 



 
 

 

 

Fig No.2 - Catia Design of Helmet 

 

Fig No. 3 - Make in India 

 

 



 
 

 

Machine Name MakerBot Replicator Z18 

Material Name Poly Lactic Acid 

Type Fused Deposition Modelling 

Material Consumed 770 Gm's 

Printing Time 51 Hours 

The largest 3D printed object in Hyderabad 

Table No. 1 - Fact Table 

Size of helmet: 255 mm x 265 mm x 335 mm 

In terms of standardized sizes: XL sized helmet 

 

Fig No. 4 - 3D Printed Helmet 



 
 

 

 

Fig No. 5 - Size Comparison of helmet 

  



 
 

 

 

 

 

Fig No. 6 - Thermocouple concept 

 

THE EXPERIMENT 

To find out the distribution of temperature, a experimental setup was designed and set. A regular size helmet 

was ripped apart and J-type thermocouples were embedded inside them at strategic locations. 

 

Fig No. 7 - Experimental Setup 



 
 

 

 

Fig No. 8 - Thermal analysis-1 

 

Fig No. 9 - Thermal analysis-2 

  



 
 

 

To find out ways to mitigate this temperature concentration, an experimental setup was designed and set. 

The set up consists of a polystyrene sheet (Thermocol) lined with a layer of Styrofoam (cushioning material 

in a helmet). 

 

Fig No. 10 - Experimental Setup 

CONCLUSION 

It is observed that in right traffic conditions, the temperature can go as high as 40°C. Studies indicate that 
such high temperatures can cause a state of hyperthermia which causes reduction of concentration and 
disorientation. Driving a two-wheeler in such conditions is therefore, highly dangerous and unadvisable. 
Given the high temperatures and the wide spread use of helmets around the world, most of them as 
mandated by law, this heat concentration problem needs to be addressed and solved using engineering 
principles. The heat concentration also discourages riders to use helmets as they cause heavy sweating 
leading to suffocation, exhaustion and irritation. Innovative systems can be designed to dissipate the heat 
and mitigate the problem. The most common solutions being developed worldwide are the use of 
Thermoelectric Coolers and the use of Phase Change Materials to effectively dissipate the heat generated by 
the brain. A further detailed study on cooling methods is advised. 
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Due to the increase in population and modes of transport, pollution is rising drastically over the past 
few years and new vehicles are designed to reduce the pollution when there is a need for single person 
transportation. To address this problem we have designed an effective monowheel which is single person 
vehicle which is driven by pedaling. It has been an useful mode of transport in the olden days but due to 
several reasons the usage is now constrained to entertainment purposes and the human power driven wheels 
are completely out of the scene. The main reasons are  
1) Lack of efficient power transmission system in monowheels. 
2) Several inefficient methods used to steer the vehicle. 
 
         Henceforth, the main objective of the project is to design a effective power transmission system for the 
human powered monowheel. Initially a thorough study of the existing Monowheels was made. During this 
study few drawbacks were analysed. A need for improving the design to reduce the drawbacks was 
observed. Compound gear mechanism has been applied to increase the power transmission system. The 
chassis has been designed to be driven by a human under the weight range of 65Kgs-85Kgs and height of 
5feet8inches to 6feet2inches.The main discipline of engineering that is applied is mechanical engineering 
where we find applications of topics like stress calculation, trusses, centre of gravity, gyroscopic couple, 
chain drives, fiction , concepts of a circle etc .It can be both human powered type. 
 

The monowheel with an effective power transmission system has to be designed such that it can be handled 
and controlled by a single person even in the rest position. The main and basic constraints that are being 
taken into consideration are  
1) Height of the person riding the vehicle  

2) Maximum weight that the vehicle can withstand  

3) Power Transmission.  
 

 



 
 

 

According to the survey conducted an independent research organization average height of the person in 
India is 1.67m.This includes the people from both the genders .So the vehicle has been designed for people 
whose height lies in the range of 5’ 8”- 6’ 2”. 

By fixing the weight of the rider static structural stress analysis is done to check the strength of the design 
and determining the maximum stresses acting thereby deciding material that is to be used for fabrication has 
been determining by considering a factor of safety of 4.76. 

As already discussed the outdated human powered monowheels are having the power transmission of about 
4.566:1 (As the sources of information are closed so we have assumed these numbers from an online image 
source) This ratio means that when the pedalling wheel which has an outer diameter of 0.219m (standard 
size of a pedalling sprocket) is pedalled to complete 4.566 revolutions the outer wheel of mean diameter 
1.0m(assumed) completes one revolution. This means for one complete pedalling cycle the outer wheel 
observes a linear displacement of 0.688m, which means the present designs have a theoretical effectiveness 
of 21.90% in transmitting power. 

As already discussed the outdated human powered monowheels are having the power transmission of about 
4.566:1 (As the sources of information are closed so we have assumed these numbers from an online image 
source) This ratio means that when the pedalling wheel which has an outer diameter of 0.219m (standard 
size of a pedalling sprocket) is pedalled to complete 4.566 revolutions the outer wheel of mean diameter 
1.0m(assumed) completes one revolution. This means for one complete pedalling cycle the outer wheel 
observes a linear displacement of 0.688m, which means the present designs have a theoretical effectiveness 
of 21.90% in transmitting power. 

 

Fig 1.Most recent human pedalled monowheel 
 

In order to increase the effectiveness of power transmission the concept of compound gear train has been 
adopted. In this system two types of sprockets and a bigger wheel has been used for power transmission. 
They are 

• Sprocket of 0.219m outer diameter (driver sprocket) 
• Sprocket of 0.116m outer diameter (driven sprocket) 



 
 

 

• Power transmitting friction wheel whose outer diameter is 0.610m  
 
The power transmission arrangement consists of three shafts  
1) Pedalling shaft  

2) Intermediate shaft and  

3) Transmission shaft.  
 

On the pedalling shaft is the sprocket with 0.219m OD which is considered as the bigger sprocket in 
this discussion and on the intermediate shaft there are two bigger sprockets and a sprocket with 0.116m OD 
which is considered as the smaller sprocket in this discussion. The transmission shaft houses two smaller 
sprockets and a friction wheel that would transmit power to the outer wheel.  

 
Initially when the pedalling shaft is being pedalled the bigger sprocket rotates relative to the shaft as 

it is mounted on it and this acts as the driver for the smaller sprocket on the intermediate shaft.  
 
Let the pedalling shaft rotates at a speed of X rpm→N1 = X rpm.  
Rotational speed of the intermediate shaft  

 
N2= N1*(OD of driven sprocket / OD of driver sprocket)  
N2= 1.8879X  

 
On the intermediate shaft two bigger sprockets are mounted at equal distance from the smaller shaft on the 
either sides and these act as the driver for the smaller sprockets on the transmitting shaft .As they are on the 
same shaft they also rotate with the same speed as the smaller sprocket. Thus here we can achieve a 
mechanical advantage of 188.9%.Finally, on the transmission shaft there are two smaller sprockets that are 
driven by the bigger sprockets on the intermediate shaft.  
Rotational speed of the transmission shaft  

N3= N2*(OD of driven sprocket / OD of driver sprocket)  
N3 = 1.8879*1.8879 X  
      = 3.564 X rpm.  

Thus when the pedalling shaft is pedalled for 1 revolution the transmission shaft revolves 3.564 times which 
means a theoretical mechanical advantage of 356.4%is achieved.The transmission shaft also houses the 
friction wheel that transmits the power to the outer wheel.  
The final power transmission ratio is as follows  
The speed of rotation of the outer wheel when the vehicle is pedaled at X rpm is  

N4 = N3*(OD of outer wheel / OD of inner friction wheel)  
      = 0.3211*3.564 X  
      = 1.14 X 10  

 
By this we can deduce that for every for pedalling cycle the outer wheel revolves 1.14 times which means a 
linear displacement of 6.8m which is almost 10 times effective than the design we have discussed earlier. If 
the above power transmission is being implemented there would a theoretical effectiveness of 114%. 

After designing the monowheel has been modelled using CATIA V5 R18. 



 
 

 

 

 
Static Structural Stress analysis has been done to observe the behaviour of the vehicle under load 

application. We have completely specified the boundary conditions that are essential for calculating the 
stresses in the body and also the forces are given. Here the applied forces are vector quantities for which 
both magnitude and direction are specified.  
The boundary conditions specified are  
1) The friction wheels are fixed on an arbitrary plate on either sides. (Fixed supports)  

2) Self-Weight of the vehicle 40Kgs acting at the centre of gravity of the vehicle  

3) Weight of the person 80kgs acting at the centre of gravity of the vehicle.  

4) The bearing pressure of 87179 Pa  
 

 

Results obtained after stress analysis 

Maximum Stress on the frame     - 52.545 MPa  
Minimum Stress on the frame      - 0.12418 MPa.  



 
 

 

Maximum deflection occurring on 
the frame                                        - 

 
0.0092839 m  

Minimum deflection occurring on 
the frame                                        - 

 
0.0026523 m  

Factor Of Safety                            - 4.766  
 

 

 

The prototype has been printed using 3D printer by FDM technique. 

 

 

Machine Name MakerBot Replicator 2X 

Material Name Acrylonitrile Butadiene Styrene 

Type Fused Deposition Modelling 

Material Consumed 29.03 gm  

Printing Time 4 hours 2 min 

 

Ergonomics study: 

Human factors and ergonomics is concerned with the "fit" 
between the user, equipment and their environments. It takes account of 
the user's capabilities 
and limitations in seeking to ensure that tasks, functions, information and 
the environment suit 
each user. 



 
 

 

 

 

 

 

 

 

 

 

 

 

From this we concluded that 21.8deg with the horizontal is the comfortable angle for a person to 
pedal. 

 

 

 

 

List of components in fabrication of monowheel : 
 
1)outer wheel 
2) frame 
3) trusses 
4) supporting wheels 
5) C-clamps 
6) sprocket hubs 
7) bearing bushes 
8) shafts 
9) friction wheel 
10) sprockets 
11) bearings 
12) chains 
13) bolts 
14) nuts 

Mechanical Processes Involved In Fabrication : 
 
1) Circular bending 



 
 

 

2)TIG welding 
3) Surface Finishing 
4) Profile and angular cutting 
5) Lathe Operations  
6)Assembly 
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INTRODUCTION 

Nature exhibits peculiar properties such as self cleaning, water repelling, self-healing, anti dragging etc., 

these properties cannot be seen in materials. These properties can be mimicked into the materials by 

different techniques. Such materials are known as Bioinspired materials. Bioinspired materials are synthetic 

materials whose structure, properties or function mimic those of natural materials or living matter.  

Generating bio-inspired materials and structures follows two major approaches. First, materials are selected, 

extracted or derived from a natural source then refined, remolded or altered in other ways to create useful 

tools. Examples are unlimited, starting from stone shaping, wood carving and leather tanning to naturally 

extracted medications. In the second, technologically more advanced approach, the idea but not the product 

is derived from the nature, and then mimicked synthetically. This approach creates synthetic materials 

whose performance mimics the biological precursors. Examples are artificial super hydrophobic surfaces, 

olieophobic surfaces, omniphobic surfaces, self healing surfaces, strong and tough materials etc.   

Many advanced artificial materials have been synthesized, prepared or fabricated by duplicating or 

mimicking the components, structures and systems existing in biological materials. The process of design 

and construction of such materials through biologically inspired design can also be called as Biomimicry, 

which is proposed as a main route for design of next generation materials. With the recent development of 

nanotechnology, the research of biomaterials and bio-inspired materials has expanded to the micro- and 

nano-scale which has promoted a big breakthrough in the design of advanced functional materials. At the 

micro- or nano-scale, natural materials show delicate yet complex hierarchical structures, and perfect 

combinations of these, to realize specific functionalities. These micro-/nano-structures in biological 

materials have inspired the design of artificial micro-/nano-structural materials with attractive properties.  

SUPER HYDROPHOBIC SURFACES 

In the present we intend to develop Bioinspired materials with self cleaning superhydrophobic surfaces. 

Superhydrophobic surfaces (SHS) are surfaces that repel water and are characterized by high values of 



 
 

 

water contactangle. Traditionally, surfaces are referred to as SHS when the water contact angles are higher 

than 150º(Fig. 1)and have low contact anglehysteresis (the difference between advancing angle, A, and 

receding contactangle, R).  

 

Figure 1. Schematic image of different wetting modes [via Wikimedia commons] 

LOTUS EFFECT 

The lotus effect refers to high water repellence and consequent self cleaning behavior of lotus leaves in 

muddy waters (Fig. 2 (a)). The effect is a result of hierarchical micro and nano protrusions on the surface of 

the lotus leaves.  

 

(a)                                                          (b) 

 

 

 

 

 

Figure 2. (a) Image showing water droplet on lotus leaf (b) Example of Self Cleaning Effect 

[via Wikimedia commons] 

On such surface the water droplet rolls and takes away all the dirt present on the surface (Fig. 2 (b)). 

Developing such superhydrophobic surfaces on metallic materials might lead to many industrial and real life 

applications. A number of studies were carried since 1990’s in order to achieve non-wetting self cleaning 

surfaces [Lydéric Bocquet and Eric Lauga 2011]. Many techniques have also been developed to provide 

such properties to the existing metallic materials. Even though a huge number ofworks were reported in this 

area, still challenges exist and need to be looked at. 



 
 

 

EXPERIMENTAL PROCEDURE AND RESULTS 

In the present project, we planned to demonstrate production of bio inspired superhydrophobic surfaces on 

aluminium. Super hydrophobic surface on aluminium can be produced by granular or fibrous coating 

methods using spraying, anodization, sol−gel wet chemistry, or electro spinning are affordable, scalable, and 

easily applicable to most types of substrates with good remediability. Of all the methods, anodization is a 

widely used, versatile process and can be applied at a mass scale. The schematic of the process followed in 

the present study and sample surface obtained is shown in Fig. 3 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Schematic process of producing superhydrophobic surface in our experiment [Amarnadh and 

Prabhu.2014] 

In the present experiment, hierarchical surfaces were prepared on pure aluminium material by first 

generating microscale roughness through hand polishing and nano scale roughness via anodization (Fig. 

4(a)). The hand polishing was carried out using emery sheets of different grades. Two types of electrolytes 

viz., Sulphuric acid (H2SO4) of 0.3 M concentration and Oxalic acid (C2H2O4) of 0.6 M concentration were 

used in the present study for the anodization process. The surfaces are regularly cleaned in acetone and DI 

water in ultrasonicator to remove any residues present in the nanopores (Fig. 4(b)).  

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Set up used in the present study (a) Regulated DC Power Supply and Electrolyte Set up (b) 

Ultrasonicator (c) Hot Plate 

To achieve super hydrophobic behavior anodized samples are to be coated with polymers which has a low 

surface energy.The lower the surface energy, the weaker the attractive forces. Ultrasonicated anodized 

samples after cleaning in acetone and demineralised water immersed in a beaker containing 20 mM stearic 

acid solution for one hour. The coated sample is then heated on a hot plate at 100º C for 1-2 min to allow for 

removal of acidic and ethanolic solutions used during the experimentation process from the nanopores of 

aluminium oxide (Fig. 4(c)). 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

Figure 5. Water Droplets on Prepared Samples 

The samples thus obtained exhibited excellent superhydrophobicity. The water droplets easily rolled off the 

surface and have very low contact angle hysteresis. The picture of the prepared surface is shown in Fig. 5. 

Such biomimetic superhydrophobic surfaces have immense potential in industrial, automobile, aerospace, 

microchannels and daily life applications 
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The system is designed to reduce the impact of accidents on desired components or the humans. The 
automobile sector being primary victim of such accidents uses many systems such as impact attenuators, air 
bags, seat belts. These systems have some accountability and are not cost effective. 

This system helps to make a economical and reliable source for reducing the impact on the components or 
reduce the accident impact or reduce the severity of the accidents. 

This so described system has components made up of aluminium and magnets. Permanent magnets are 
being used. This makes a reliable design with optimum performance. The usage of smart materials which 
could be magnetized easily can be used in this system. Electro-magnets can be used for replacements of 
permanent magnet. The same poles are facing each other which require very high amount of energy to have 
the faces in contact for minute time period. The alignment of the magnets is necessary for desired results.  

Thus this system helps to reduce the impact of accidents in hazardous situations and in the work places 
which have high risk levels. 

ANSYS AND FEMM ANALYSIS 

 

 

The ANSYS structural analysis of the magnets are shown below. 

 

ANSYS Mechanical Analysis 

ANSYS Mechanical is a finite element analysis tool for structural analysis, including linear, nonlinear and 
dynamic studies. This computer simulation product provides finite elements to model behavior, and 
supports material models and equation solvers for a wide range of mechanical design problems. ANSYS 
Mechanical also includes thermal analysis and coupled-physics capabilities involving acoustics, 
piezoelectric, thermal–structural and thermo-electric analysis.  

Parameters: Geometry is meshed. 

Fixed support: The back surface of the magnet 
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Force applied on the surface of  the magnet. Total stress and total deformation results are shown 
below. 

The final results of the analysis are enclosed below. 

Figure 5: 
Equivalent stress analysis. 

 

FEMM Analysis 

 

 Description of field analysis 
Magnetic field lines don't intersect. 

Neodymium magnets are used. 

Dimensions: 

 L=25.4mm 

 B=25.4mm 

 T=12.7mm 

Software used: FEMM (finite element method Magnetics) 

 

 Field analysis at various distances 



 
 

 

 

 

 

 

Figure 7: Magnets at a distance of 28 mm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

Figure 8: Magnets at a distance of 15 mm. 

 

 

Figure 9: Magnets at a distance of 2 mm. 

 



 
 

 

 

 

 Design of prototype 
Materials : 

 aluminium 5052 grade. 

 ultimate tensile strength=228 MPa. 

 tensile yield strength =193 MPa. 

 modulus of elasticity= 70.3 GPa. 

 fatigue strength=117 MPa. 

 

Design has been optimised to market conditions. 

 

3.3 CATIA Models 

 



 
 

 

 

Final Model of Aluminium Block 

 

 

 

 

POCKET command 

 

In CATIA, the POCKET command is somehow the opposite of PAD command. It simply helps remove 
geometry belonging to an already create part. 
On the figure below the POCKET command is helping us to create the cylindrical hole in the middle of the 

cube.  



 
 

 

Strap 

DIMENSIONS OF THEALUMINIUM BLOCK: 

 

LENGTH= 45MM 

 

BREADTH= 32MM 

 

WIDTH= 6MM 

 

POCKET DIMENSIONS : 

 

DIAMETER= 25.4MM 

 

WIDTH= 13.2 MM 

 

HOLE DIMENSIONS: 

 

DIAMETER= 6MM 

 

LENGTH= 6MM 

 

 

ASSEMBLY 

Assembly 

Assembly is done using various commands like contact constraints, offset constraints, coincidence 
constraints etc.  



 
 

 

 

 

Assembly of all the parts 

 

 Analysis of prototype: 
 
ANSYS Mechanical 

ANSYS Mechanical is a finite element analysis tool for structural analysis, including linear, 
nonlinear and dynamic studies. This computer simulation product provides finite elements to model 
behavior, and supports material models and equation solvers for a wide range of mechanical design 
problems. ANSYS Mechanical also includes thermal analysis and coupled-physics capabilities 
involving acoustics, piezoelectric, thermal–structural and thermo-electric analysis.  

Parameters: Geometry is meshed. 

Fixed support: The back surface of the aluminium block. 

Force applied on the surface where the magnet surface come in contact with the aluminium block. 
Total stress and total deformation results are shown below. 
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                                          Figure 20: ANSYS Analysis of Aluminium Block 

 

 

 

Figure 21: Total equivalent  stress diagram 

 

 



 
 

 

PRACTICAL EXPERIMENT: 

 

Aim: To check the survivability of the glass piece when the component in installed and when the 
components are absent. 

Procedure: 

1. Align the components using the rods of 8mm diameter fixed in the ground. 
2. Place the glass piece below the component perpendicular to the surface of the component. 
3. Make sure the ground surface is clean and flat. 
4. Take the component 2 and drop it from the height of 60 cm after inserting the rods. 
5. Note down the weights used. 
6. Note down the number of drops required to break the glass into pieces. 
7. Now remove the magnets from the components and repeat the procedure. 
8. Hence the weights and number of drops are noted. 

 

              Table: 

 

Mass(kg) Height (m) Velocity(m/s) Kinetic 
energy(J) 

Force(N) 

0.5 0.6 3.43 2.94 147 

2 0.6 3.43 13.52 677 

 

 



 
 

 

 

 

                              Figure 20: Practical Experiment with Magnets 

 



 
 

 

 

 

                          Figure 21: Practical Experiment Without Magnets 

Observations: 

The glass piece is broken into pieces with 0.5 kg weight at the third drop without the magnets in the 
components. 

The glass piece is broken into pieces with 2 kg weight at the third drop with the magnets in the 
components. 



 
 

 

Hence the system designed as the capability to protect the components behind thrice the load 
capacity 

 

 

 

RESULTS 

 

Table: 

Mass(kg) Height (m) Velocity(m/s) Kinetic 
energy(J) 

Force(N) 

0.5 0.6 3.43 2.94 147 

2 0.6 3.43 13.52 677 

 

 

The glass piece is broken into pieces with 0.5 kg weight at the third drop without the magnets in the 
components. 

The glass piece is broken into pieces with 2 kg weight at the third drop with the magnets in the components. 

Hence the system designed as the capability to protect the components behind thrice the load capacity 

 

 

ADVANTAGES: 

 

1. Can protect the desired components. 
2. Can bear more load. 
3. Can increase load bearing capacity. 
4. Reduce the impact on the components. 
5. Easy installations and removals. 
6. Cost effective. 
7. Can reduce accident severity. 
8. Can be installed in various places. 

 

APPLICATIONS: 

1. Automobiles. 



 
 

 

2. Mopeds. 
3. Trains. 
4. Metros. 
5. Trucks. 
6. Air crafts. 
7. Satellites. 
8. Nondestructive components. 
9. Rovers. 
10. Suspensions. 

 

 

Conclusion: 

 

 In everyday life we see many accidents happening around us. An accident is an undesirable 
incidental and unplanned event that could have been prevented had circumstances leading up to the 
accident been recognized, and acted upon, prior to its occurrence. Most scientists who study 
unintentional injury avoid using the term "accident" and focus on factors that increase risk of severe 
injury and that reduce injury incidence and severity 

 

This so described embodiment has the ability to reduce the impacts of the accidents which happen 
not only on road traffic but also in complex work stations where risk levels are registered as high. 
Such examples are underground mines, heavy machinery area etc. 

 

It can be inferred from the above experimental results that the life of a component or the severity of 
an accidents can be increased thrice. 
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INTRODUCTION 

There is great demand for a new product or development of the existing product is always consistent in the 

modern day of developing Science, Engineering and Technology. In the recent past major developments 

occurred in the field of “AUTOMOBILE SYSTEMS" which caused a Drastic uprising in Automobile 

Industry. 

 

These days several types of either manually operated or automatic jacks whether lightweight/portable or 

heavy are widely used to fulfill their purposes in lifting heavy as well as light equipments viz. manually 

operated scissor jacks, manually operated screw jacks, manually operated hydraulic jacks etc. Even though 

they fulfill their purpose there is a huge drawback to these kinds of jack i.e. they are manually operated and 

consume a substantial amount of time and energy for their operation. Thus an alternative for these jacks 

which is already integrated and automatic would prove to be beneficial to the end user as well as the 

repairmen. One such alternative is the Integrated Automated Scissor Jack. This jack would be permanently 

mounted on the chassis on the vehicle and will be automatically operated which will evidently eliminate 

manually operating it to raise the vehicle and would save valuable time. Work was conducted in a way to 

bring improvements in design and finally found a solution to reduce the drawbacks that were observed, 

along with identifying the advantages and disadvantages of newly developed mechanism. 

 

 

 

 

Some basic chassis constructions available in market: 
 



 
 

 

 
Toyata Cruiser Chassis 

 

 
Innova Chassis 

 
 

 
 

Non Conventional Chassis of Audi A3 
 
 
 
 

 Basic model of frame underlying the chassis in all cars: 



 
 

 

 
 

Chassis underlying structure 
 
 

 Materials used for vehicle chassis and their properties: 
 

Properties Carbon Steel Alloy Steels Stainless  Steels Tool Steels 

Density (kg/m3) 7850 7850 7750-8100 7720-8000 

Elastic Modulus(GPa) 190-210 190-210 190-210 190-210 

Poisson’s ratio 0.27-0.3 0.27-0.3 0.27-0.3 0.27-0.3 

Thermal expansion (10−6/K) 11.6-16.6 9.0-15 9.0-15 9.4-15.1 

Thermal conductivity (w/mK) 24.3-65.2 24-48.6 11.2-36.7 19.9-48.3 

Tensile Strength (MPa) 276-1882 758-1882 515-827 640-2000 

Yield strength (MPa) 186-758 366-1793 207-552 380-440 

Percentage Elongation (%) 10-32 4-31 12-40 5-25 

Hardness 86-388 149-627 137-595 210-620 

 

 

 

 

 

 

 



 
 

 

INTRODUCTION TO LIFTING JACKS 

 A jack is a mechanical device used as a lifting device to lift heavy loads or to apply great forces. 

A mechanical jack employs a screw thread for lifting heavy equipment. A hydraulic jack uses hydraulic 

power. A car jack, floor jack or garage jack is one which assists in lifting the vehicles so that maintenance 

can be performed. Jacks are usually rated for a maximum lifting capacity. Industrial jacks can be rated for 

many tons of loads. 

Different types of automotive jacks: 
 

• Scissor Jacks 

• Hydraulic Jacks  

• Hi-lift Jacks  

• Motorcycle Jack 

Scissor jacks: 
 
 A scissor jack is a device construed with a cross-hatch mechanism, much like a scissor.A scissor 

jack is operated by turning a lead screw. It is commonly used as car-jack. In the case of a scissor jack, a 

small force applied in the horizontal plane is used to raise or lower large load. A scissor jack’s compressive 

force is obtained through the tension force applied 

 by its lead screw. An acme thread is most often used, as this thread is very strong and can resist the 

large loads imposed on most jacks while not being dramatically weakened by wear over many rotations. 

Inherent advantages with this is that, if the tapered sides of the screw wear, the mating nut automatically 

comes into closer engagement, instead of allowing backlash to develop. These types are self-locking, which 

makes them intrinsically safer than other jack technologies like hydraulic actuators which require continual 

pressure to remain in a locked position. 

 It consists of four lifting arms, a base plate, a carrier plate, two connection members, eight 

connection pins, a power screw and a crank. This crank is usually “Z” shaped. When this crank is turned, 

the screw turns, and this raises the jack. The screw acts like a gear mechanism. It has teeth (the screw 

thread), which turn and move the four arms, producing work. The four arms are all connected at the corners 

with a bolt that allows the corner to swivel. 



 
 

 

 
Scissor Jack 

 The lifting members are made from c-shapes. The web of the lifting member is cut out near the pin 

connections to allow proper serviceability of the scissor jack at its maximum and minimum heights. The 

connecting pins are designed with cylindrical shapes and they are subjected to tension instead of 

compression. The bending moment from the screw shaft creates tension on these members. The existence of 

the jack will depend on the ability of the pin not to fail under sudden shear, tensional and compressive 

forces. 

 

Reasons for selecting Scissor jack for automatic mechanism: 

 The automatic mechanism has to be implemented in such a way that it should not require any 

complex installations on the vehicle. Also it has to be available at low price. Any additional weight added to 

the vehicle may affect vehicle's performance. 

Considering the above criteria the following lifting device scissor jack is best suitable for the project. 

• “Scissor jacks” are more widely used in Four- wheelers and are available at reasonable price which 

makes them fit within the budget. 

• Whereas, Hydraulic Bottle jack has the problem of overweight and requires Fluid for its operation. 

• Another difficulty it poses is while restoring the system against gravity, which demands installment 

of a spring system which further increases the weight. 

 

Important characteristic of scissor jack: 



 
 

 

Scissor jacks have been tested for rigidity and are quite easy to operate; they are capable of self locking and 

come handy while lifting very heavy loads ranging from 2 tons to 8 tons. 

 

Advantages of scissor jacks over other lifting mechanisms: 

• Cheap. 

• Easy to operate. 

• Compact structure & universal design. 

• Low input force for operation. 

• No cost to run. 

Disadvantages: 

• Supports less weight when compared to others. 

• Material can snag under pressure. 

 

 

 

 

 Operations Involved in Modeling: 

Modeling of Chassis 

1. Open the SolidWorks part modeling. 

2. Go to Sketcher and select a plane. 



 
 

 

3. Perform swept base operation. 

4. Then complete the other side of chassis by using mirror tool. 

 
5. After making the chassis prepare create plates on chassis for mounting the scissor jack. These plates 

can be made by drawing a sketch and extruding it. 

 
 

Modeling of Scissor Jack: 

• After modeling the chassis, scissor jack has to be modeled. 

• Scissor Jack consists of no. of parts which has to be assembled. So, each part has to be modeled 

separately in SolidWorks. 

• All the parts of scissor jack are drawn to scale and dimensions were obtained by measuring an 

available scissor jacks in the current market. 

Assembly: The components that are generated in part module are imported to assembly module and by 

using ‘insert components’ command and all these components are mated together to form the required 

assembly 

Assembly of Scissor Jack: 

• After drawing the parts of Scissor Jack, they have to be assembled. 



 
 

 

 
Assembly of scissor jack 

 
Assembly of scissor jack  

Assembly of Chassis and Scissor Jack: 

• After modeling the chassis and scissor jack both has to be assembled using bolts and nuts. 

 

 
Assembly of Chassis and Scissor Jack 

 



 
 

 

 
Assembly of Chassis and Scissor Jack2 

 

Static structural analysis (point load): 

 

 



 
 

 

 
 

CONCLUSIONS 

 The present invention is a vehicle scissor jack positioned on each side at all the four wheels with an 

electric motor drive arrangement for the operation of lifting and descending of the vehicle to its position for 

operation. The jack has gear configured for a high speed and a low speed of operation. 

 Switches and are used to control the direction of movement of the jack. Releasing the switches 

during operation stops the jack in the present position. This invention relates to a jacking arrangement for 

automobiles whereby a lifting jack is secured on the lower part of the chassis of a vehicle. 

 The jack has a scissors configuration with a motor positioned between scissor arm elements. The 

extension of the jack is limited by a switch handle which is configured for cutting off the current flow as the 

switch is closed by the action of a jack arm approximately reaching a maximum extension position. 

Simultaneously, a switch handle is depressed changing the polarity of the current flow through the motor 

thereby positioning the motor for the retraction of the jack. At the instant prior to the jack reaching a 

maximum retracted position, polarity switch handle is depressed again reversing the polarity of the motor. 

 In-place vehicle jack assemblies of the pivoted lever type configured for being permanently mounted 

at the front and rear of the vehicle frame structure are described. Each of the jack assemblies comprises a 

unitary device which is independently operable by an electrical motor, and independently selectively 

controlled at the jack or remotely from the control compartment of the vehicle. 

 

FUTURE SCOPE 



 
 

 

 Since a jack has always been an integral part of any operation related to servicing of the vehicle 

therefore with some substantial modifications like, by increasing the required torque and power capacity of 

the jack it can be used also for HMVs. This will not only be an efficient design but also be rugged. 
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Working Principle of ALL 

Air-lift Loops (ALLs) in general consist of Riser, Separator Tank, Downcomer and a horizontal 

conduit resulting into closed loop. In ALL a lighter phase (generally a gas) is injected in the denser loop 

fluid (generally a liquid) at the bottom of riser. The lighter fluid passes through the riser, enters and 

disengages in a separator which is situated at a higher elevation. The flow from the downcomer completes 

the circulation due to the density difference between the bubbly mixture in the riser and liquid in the 

downcomer. The circulation and mixing are achieved by bubbling air or dispersed bubbly flow. ALLs are 

suitable for varied fields such as in aerobic treatment of waste water, in process industries for 



 
 

 

simultaneously aerating  and agitating the liquid using compressed air, bio- film growth, used as bioreactors 

in fermentation process.  

Experimental Setup 

The hydrodynamic behaviour of ALL varies from configuration to configuration. To capture the 

hydrodynamic behaviour of the system mathematically, an experimental setup has been fabricated and the 

obtained experimental results are validated with two different mathematical models namely Homogeneous 

Equilibrium Model (HEM) and Drift Flux Model.   

 
Picture of ALL with Middle Riser 

The Experimental Setup is a vertical, rectangular, open type external single riser two downcomers 

Air-Lift device. The air entry device called sparger is located at the bottom of the central vertical tube. The 

loop consists of two downcomers, one riser, lower horizontal section and air separator. All components 

including separator are made of transparent acrylic resin that allows direct visualization of the flow pattern 

in riser and downcomers and air disengagement in separator. The riser and downcomers are vertical tubes of 

constant circular cross section having identical diameters. They are connected at the bottom by a horizontal 

non-transparent section of same diameter. At the top, they are connected to a rectangular air-liquid 

separator, which is open to atmosphere. A gate valve at the bottom most portion of the loop serves for both 

filling-up and draining of the liquid. Air and water are used as the test fluids. A twin cylinder air compressor 

is used for the continuous air supply at constant pressure 4.0 bar and at a desired flow rate.  

        Air flow rate is controlled by needle valves and fine controlling of air flow rate is achieved by 

simultaneous operation of inline and bypass needle valves. Oil filter ensures the separation of oil droplets 

coming from the compressor. Two calibrated rotameters of different rages one is 0 to 10 lpm and other one 

is 10 lpm to 100 lpm are used for the present study to measure the air flow rate. A pressure gauge and 



 
 

 

thermometer are placed in between oil filter and rotameter to measure the inlet air pressure and temperature, 

respectively which is being entered into the sparger. 

Care has been taken in designing the sparger in order to provide uniform mixing of air with water 

and to avoid slug formation at the inlet of the riser. The sparger is made, attaching a closed annular jacket of 

diameter 140 mm over the riser tube. The riser tube inside this sparger is provided with a 800 number of 

2mm diameter hole over a height of 120 mm. An artificial fabric of high porosity is wrapped over this inner 

tube. The upper part of the sparger has 4 holes. The compressed air from rotameters entered into the 

distributor having four ports. Each of these ports are connected to the sparger top holes through flexible 

plastic tubing. This ensures uniform supply of air throughout the length of the sparger and entry of air in the 

riser tube in the form of small diameter bubble through the porous fabric. The detailed picture of the sparger 

is represented below.  

 
 

Instrumentation: 

Measurement of circulation rate is done using non-intrusive type of instrument such as ultrasonic flowmeter 

as shown in figure below.  

 

Ultrasonic Flowmeter 

Pressure drop is measured using a differential pressure transducer across pressure tapings with 1.5m 

distance. 



 
 

 

 

Differential Pressure Transducer of Honeywell make 

Experimental Procedure 

The loop is filled with water up to a pre-determined height i.e., 25cm from the bottom of the separator. In 

the first run, a small amount of air 5 lpm at which air begins enter into the riser is supplied. Keeping the air 

flow rate constant, the loop is allowed to run for certain time. Flow regime in the riser is noted down 

through visualization, average pressure drop is recorded as the pressure transducer is interfaced to the PC 

through multimeter with its data header. The circulation rates in the two downcomers are measured using 

ultrasonic flowmeter. Once pressure drop, loop flow rates and air flow rate are recorder, the loop is allowed 

to run at higher air flow rate for the next run with air flow rate interval of 5lpm. As recorded in the first run 

in the second run also the air flow rate, loop flow rates in two downcomers and pressure drops are recorded 

and continued the same procedure till the maximum possible air flow rate i.e. 70 lpm. 

Theoretical Analysis: 

There are three different methodologies that are available to analyse the two phase flows. They are 

Homogenous Equilibrium model, Drift Flux Model, Separated Flow model. In the present project work, 

Homogeneous Equilibrium Model (HEM) and Drift Flux Model are adopted to analyze the hydrodynamic 

behaviour of the two phase Air-Liquid flows in an Air-Lift Loop. 

These mathematical models have been used to predict the loop behaviour. Initially, Pressure drop in 

the riser is predicted and validated with the experimental data in order to identify the suitable void fraction 

correlation. 

Homogeneous Equilibrium Model (HEM) 

The Homogeneous Model, also known as the ‘friction factor’ or ‘fog flow’ model, considers the two 

phases to flow as a single phase possessing mean fluid properties (pseudo properties) arrived at by suitably 

weighting the properties of the individual phases. 

The basic premises upon which the model is based are the assumptions of 

a. Equal vapour and liquid linear velocities 

b. The attainment of thermodynamic equilibrium between the phases, and 



 
 

 

c. The use of suitably defined single-phase friction factor for two-phase flow.    

Drift Flux Model 

The drift flux model incorporates the relative motion of one phase with respect to the other. It is 

essentially a separated flow model in which attention is focused on relative motion rather than on motion of 

individual phases. The model thus considers the mixture as a whole and expresses the motion of the mixture 

by the mixture momentum equation.  

The model formulation is based on the following assumptions: 

1. Constant but not necessarily equal velocities for the vapour and liquid phase. 

2. The attainment of thermal equilibrium between the phases. 

3. The use of empirical correlations or simplified concepts to relate the two phase frictional multiplier 

and void fraction to the independent variables of the flow. 

 

 

Mathematical Model for Riser Pressure Drop: 

The total pressure drop of a two-phase (Gas-Liquid) in a vertical pipe can be expressed as the sum of 

Frictional pressure drop, Gravitational pressure drop, and Accelerational pressure drop as given below 
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Where the subscripts F, G, A denote Frictional, Gravitational, Accelerational respectively. 



 
 

 

Two phase Frictional Pressure Drop is estimated by finding single phase frictional pressure drop and 

multiplying with a two phase multiplier.  

By substituting Frictional, Gravitational and Accelerational Pressure drops, the final simplified equation for 

Pressure drop in the riser is obtained as 
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Total Pressure Drop in the Riser is  
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The two phase multiplier varies for HEM and Drift Flux Model. 

For Homogeneous Equilibrium Model, Two phase Multiplier is given by  
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For Drift Flux Model, there are a number of correlations available for Two phase Multiplier and a suitable 

correlation has been selected based on the recommendations (ratio of dynamic viscosities of liquid and gas) 

suggested by James. Since the experimental fluids in the setup are water and air, ratio of their dynamic 

viscosities fall in a range in which Friedel correlation is suited. 

Friedel Correlation: 
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Mathematical Model for the estimation of Loop Flow Rate: 

The pressure drop in left side downcomer is expressed as follows 
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The pressure drop in left side horizontal section is expressed as  
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The friction factor in the top left side Separator Tank can be expressed as, 
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The Pressure drop in the top left side Separator Tank can be written as,  
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Where, w is the width of separator tank 

There are a number of pipe fittings, the ∆p in these elements is given by  
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For the determination of loop circulation rate in the right side of ALL, the mathematical equations are 

similar to above equations and the difference is the subscript 1 where it will be replaced by 2. The pressure 

drop equations, for riser, downcomers, horizontal tubes, separator tank, altogether solved iteratively to 

obtain the Loop Flow Rate.   

Experimental Results: 

Using Total Pressure drop equation and substituting 30 void fraction correlations for HEM and 15 void 

fraction correlations for drift flux model one after another the total pressure is determined and compared 

with the experimentally measured pressure drops for various air flow rates. 3 void fraction correlations are 

predicted closely for HEM in which Harmathy 

void fraction correlation is very closely 

predicted and 4 void fraction correlations are 

predicted closely for drift flux model in which 

Jowitt void fraction correlation is very closely 

predicted. 

Homogeneous Equilibrium Model: 
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Drift Flux Model: 

CONCLUSION 

1. HEM and Jowitt correlation closely predicted the riser pressure drop for Drift Flux Model and 

these correlations are used for the determination of Loop Flow Rate. 

2. Homogeneous Equilibrium Model and Drift Flux Model, both predicted the trend of the loop flow 

rate however, they over predicted. 

3. The reason for the over prediction could be two phase exit loss coefficient which is taken as 1.0 

accepted for single phase as there is no information available on two phase exit loss coefficient. 

4. For Flow Regime Identification, Void fraction is determined using Jowitt correlation against 

measured pressure drop and found that till air flow rate 9.1667 x 10-4 m3/s the void fraction is less 

than 0.25 where it indicates the bubbly flow beyond 9.1667 x 10-4 m3/s there is a transformation of 

bubbly flow into discrete bubbly flow and the same is observed visually.  
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ABSTRACT 
AM, a revolution in the manufacturing technology finds application in various fields, one such is the field of 
implants and prosthetics which belongs to biomedical engineering. The primary goal of the project is to 
model a human bone and optimize the mass of the bone to its original mass when it is manufactured with 
higher denser bio-compatible materials like Ti-6Al-4V. In order to achieve this, a skull is obtained from 
cadaver and its cap is amputated which is used as a specimen to carry out the work. The specimen is 
scanned using medical imaging technique called CT, the data obtained is processed using bio-medical 
software named MIMICS and a 3D model of the cap is modelled using CATIA V5. The mass of the cap is 
further optimized to its original mass of 0.27323 kg when it is manufactured with denser material like Ti-
6Al-4V with density twice greater than the bone density; this process is carried out virtually using 
Simpleware scanIP software and optimizing technique RSM. The optimized model is then analyzed for load 
bearing characteristics using ANSYS software and the prototype of the model is printed with ABS material 
using 3D printer which employed FDM technique, one of the AM techniques. This type of optimization can 
also be applied to other implants like hip, knee, etc which will help in the reduction of trauma to the patients 
due to the excess mass of the implants, increase the life of the implant, reduces the usage of the material 
which helps in reduction of cost of the implant since, the bio-compatible alloys are costly. 
 
1. Introduction: 
Human skull: The human skull is the bony structure that forms the head in the human skeleton. It supports 
the structures of the face and forms a cavity for the brain. Like the skulls of other vertebrates, it protects the 
brain from injury. The human skull consists of many bones which are combined to form the casing for brain 
and other organs in the skull.Fig. 1 & Fig. 2 show different views of human skull depicting its various 
regions. 

 
Fig.1 Front view of the skull [26]Fig.2 Back view of the skull [26] 

The internal view of the skull when the upper portion of it is removed which can be seen from the Fig. 3. 
This removed portion is considered as the specimen for the project and is observed as skull cap. 

 
Fig.3 Internal view of the skull cap [26] 

 
3D Printing: 
3D Printing is widely used in developing the prototypes of the implants to be manufactured for final 
inspections to the model created in terms of form and fit. The technology is also used in directly making the 
implants like hearing aids, dental, soft tissues like organs in the body. 
In manufacturing the implants which has to posses load bearing characteristics powder bed fusion, direct 
energy deposition techniques of AM are used. 
Fused deposition modeling: Fused deposition modelling is an additive manufacturing technology 
commonly used for modeling, prototyping, and production applications. FDM works on an "additive" 



 
 

 

principle by laying down material in layers; a plastic filament or metal wire is unwound from a coil and 
supplies material to produce a part. 

 
2. Literature Review: 

With respect to the introduction the literature survey is carried in order to identify the problem statement 

and the necessary resources to solve the problem and identify the solution. The papers reviewed for the 

purpose are asfollows: 

C. Lee Ventola et al. [1] presented a paper illustrating potential applications of the 3D printing in the field 

of medical sciences like implants and prosthetics, tissue engineering. Debasis Sahoo et al. [2] presented a 

study that validated an enhanced FEHM in the entire time domain for temporal‐parietal impact 

experimental data from 15 PMHS experiments. J. Klimas et al. [3] presented a comparison of the structure 

and properties of titanium alloys Ti-6Al-4V produced by two methods: conventional and injection casting. 

Juan Felipe Isaza Saldarriaga et al. [4] presented a clinical case in which a 13-year old patient is treated 

with cranioplasty. This study describes the methodology used to design a custom-made cranial implant for 

a 13-year-old patient who suffered a lesion in the left front parietal region of the skull caused by a fall. 

Deniz Bas et al. [5] presented a detailed work on application of RSM while modeling and optimization. 

The advantages and disadvantages of the methodology are presented and the advantages of the 

methodology over other techniques were also discussed. Jacobo Bibliowicz et al. [6] presented an effort to 

build a database of high quality, multi-resolution reconstructions of human bone shapes. W. Sun et al. [7] 

presented some salient advances of bio-CAD modeling   and   application   in   computer-aided   

tissueengineering. Jelena Milovanović et al. [8] have reviewed about the applications of the RP in the 

medical field and the basic methodology followed in the medical field to obtain the physical parts. Igor 

Drstvensek et al. [9] presented a paper where in some clinical cases, where virtual models have been used 

for surgical preparations and RP models for manufacturing of implants. Djoko Kuswanto et al. [10] 

elevated the importance of the additive manufacturing technologies in the field of medical sciences 

especially in t h e c r a n i o p l a s t y . H. Sudhoff et al. [11] in a case report submitted illustrated a case in 

which a Titanium skull plate designed using CAD/CAM. Lawrence E. Murr et al. [12] has given a in depth 

view of the knee and hip implant components containing porous structures and fabricated in monolithic 

forms utilizing EBM. Milica Tufegdžić et al. [13] described a reverse engineering (RE) of the human 

fibula, on the right male bone, by using the method of anatomical features (MAF) with the aim to obtain a 

3D surface model. Daniel Chen et al. [14] presented a case study of reverse engineering closely-spaced 

free-form shapes. The raw point cloud data captured from a body scanner was processed to filter most 

noise and redundancy which were used to generate meshes through triangulation of points. Chawla A et al. 

[15] developed an FE model of bones from MRI/CT scan data. Developed technique is a modification over 

conventionally used techniques. Shahrul Hisyam Marwan et al. [16] showed that the fracture is predicted at 

the impact contact area at the respective velocity (11.18 m/s). The fracture occurred as the resulting stress 



 
 

 

exceeds the yield strength of human skull at 79.2 MPa. Xianfang Yue et al. [17] presented a work in which 

authors have developed a new mini traumatic method for measuring ICP with strain electrometric 

technology. The strains of skull bone can reflect the ICP change. The surgical procedures for this new 

method are easy, simple, safe and reliable. Alexander Tsouknidas et al. [18] presented a work in which a 

custom implant is designed and the analysis on it is carried out to access the load bearing characteristics 

when it is manufactured using two different bio-compatible materials like Ti-6Al-4V.Osiris Canciglieri 

Junior et al. [19] discussed focusing two aspects:  the conversion from the tomography to the three 

dimensional model and the virtual machining. Alok Sutradhar et al. [20] examined the mechanical 

feasibility of implants designed by the topology optimization method for craniofacial reconstructive 

surgery. S.J. Hollister et al. [21] presented an image-based approach for designing and manufacturing 

patient-specific craniofacial biomaterial scaffolds directly from CT or MRI data. P. Shweta et al. [22] 

presented a work where in a skull implant is designed using MIMICS™ software and it is analyzed using 

ANSYS software at different loading condition with different bio compatible materials so that the one with 

least induced stresses can be used for the implantation. Sourabh Boruah et al. [23] Composite material 

properties applicable to a coarse mesh FE model of the adult male human calverium have been developed 

in this study. Kathleen M. Carley et al. [24] reported a simulation framework for the RSM as an automated 

tool for model variation and steps of RSM in automated validation process. One can get clear picture of 

RSM for this report. Lawrence M. Witmer et al. [26] described different parts of the skull bone in detail 

with figures in a handout as part of the academics. M. M. A. Beerens et al. [27] presented a case report in 

which custom skull implant is manufactured through additive manufacturing process with the help of a bio-

medical software called MIMICS™. 

 

3. Methodology:  

The modeling of the skull cap is done in three stages as given below: 

1. CT scanning: CT is an imaging technique that produces cross-sectional images, representing in each 

pixel the local X-ray attenuation properties of the body. CT scan in the project is used for extracting the 

anatomical properties of the skull cap. In order to model the skull cap using the CAD package like CATIA 

V5 one must have the geometrical properties of the part to be modeled and these geometrical properties are 

the anatomical properties in medical terms. 

CT scanning of skull cap:  
The CT scan for the skull cap is performed in a diagnostic centre. The details of the scan are as follows: The 
CT scan consists of 350 2D slices of a part which are stacked up on each other to obtain the 3D view of the 
scanned part. The 350 images are taken with a distance between cuts of 0.00049 m which are taken with 
reference to [4]. The details of the scan are as follows:  
Equipment: 16 slice CT scanner; Manufacturer: Philips; Slice thickness: 0.00049 m; 

Number of images: 350; Resolution: 512x248x350; Distance between cuts. : 0.00049 m 

The scan images can be observed from the following Fig. 4 & 5. 



 
 

 

 
 

 

 

 

 

 

Fig.4 CT scan image of single slice                 Fig.5 CT scan image of multiple slices 

2. Image processing: 

Image processing in this particular project is required to clear the noise i.e. the unwanted material captured 

in the images. There is noise in images captured; this noise is due to the supports used to position the skull 

cap in the CT scanner. In a live case this noise can be muscles surrounding the bone and must be removed 

in order to extract exact properties of the bone. In order to do so bio-medical image processing software 

called MIMICS™ is used. Different tools of the software are used to clear the noise and extract the 

anatomical properties of the skull cap in order model it in CATIA V5. The image processing is carried out 

in following steps: 

3.1 Exporting the images: 

The 350 images are taken as input into the MIMICS™ software using input options. Input window is as 

shown in Fig. 6. 

 
Fig.6 Input window of MIMICS™ 

3.2 Thresholding: 

This step involves creation of mask which means extracting the necessary information from the images. 

The images have both the bone matter with some pixel intensity and the supports used to position it with 

some pixel intensity. This pixel intensity is in terms of Hounsfield units. The Thresholding tool contains 

preset values for different materials like bone, muscle, etc. From here we select the human bone option 

which sets the scale to that particular value where the Hounsfield units belongs to bone and by doing this 

only the bone matter from the images are selected eliminating the other matter as shown in the Fig. 7. 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

Fig.7 Selected bone matter 

3.3 Live wire: 

After the thresholding is done the bone matter from the entire slices are selected. But due to the inherent 

limitations, pixels which are nearer to the intensity of the bone are also selected and at some places where 

the bone density is lighter are eliminated. In order to select and deselect the pixels, Live Wire tools is used. 

The live wire tool works like a magnet and it sticks on to the pixels within the defined threshold limit. 

 

4. Modeling in CATIA  

The PCD obtained from the MIMICS™ is imported into CATIA V5 in order to model the solid skull cap. 

The reason for modeling in CATIA V5 even though an STL file required for printing can be directly 

obtained from the MIMICS™ because the mass optimization is planned to achieve by creating lattice 

structure in the solid cap which is not possible with the MIMICS™ software. The modeling of the solid 

cap is done with reference to [14] as follows:  

The modeling of the skull cap in CATIA V5 is carried out in three stages: 

1. Developing the wire frame model.  

 
Importing raw PCD into CATA V5: 

The PCD is not recognized by all the modules in the CATIA V5. In this project, “Digitized Shape Editor” 

workbench is used to import the PCD file. The point cloud data is in ASCII format and therefore the 

import settings are changed to the ASCII format. Then the point clouds are imported. It consists of noise 

and huge data of points which will be filtered in the process. 



 
 

 

 
Fig.8 Raw PCD 

Homogeneous filtering: 

Homogeneous filtering is applied to further reduce noise and redundancy. It uses a sphere for 

homogeneous point removal to thin the point cloud evenly. The sphere starts on the first point which meets 

and hides all the points inside the sphere. 

 
Fig.9 Processed PCD 

Mesh generation: 

Mesh generation is an automated process of connecting the closest three points to form a triangle. This 

triangulation of points is repeated until the entire point cloud has been networked to form an unambiguous, 

coherent and consistent triangulated surface. 

 
Fig.10 Mesh generated 

Mesh clean-up, filling holes, smoothing: 

In mesh clean-up, the “mesh cleaner” tool in the digitized shape editor workbench was used to clear non-

manifold vertices and edges. The “Mesh smoothing” automatic tool requires user input and its effect is 

global. The final corrected mesh model i.e. wire frame model which form basis for creation of surface is as 

shown in the Fig. 11. 



 
 

 

 
Fig.11 Wire frame model 

2. Development of surface model: The development of surfaces is carried out in the Quick Surface 

Reconstruction workbench of the software. Automatic surface tool is used to form patches of surfaces on 

the mesh with the default values. These patches of surface shown in Fig. 13 are sewed together using the 

join tool. 

 
           Fig.12 Patches of surfaces generated                   Fig.13 Surfaces joined 

3. Development of solid model. 

The surface model developed is exported to part design workbench and it is made in to a solid part using 

the closed surface tool shown in the Fig. 14. The solid model thus formed is saved in STL for the printing 

purposes. 

 
Fig.14 Solid model 

 

 

 5. 3D-PRINTING OF THE OPTIMIZED SKULL CAP:  

The 3D printing is carried out on Makerbot Replicator 2X machine. 

Orientation of the part for printing: 

The STL file of the model is imported into the Makerbot desktop software and the imported model is 

shown in Fig. 15. 

 



 
 

 

 
Fig.15 Imported skull cap into Makerbot desktop software 

 

 
Fig.16 Print ready model 

 

The skull cap is reduced by 20% of its original size with respect to the size limitations of the machine. The 

printed of the skull cap is shown in Fig. 17. 

 

 
Fig.17 3D printed optimized skull cap 

 

Similarities between the human skull cap and the 3D printed skull cap in different views are shown in Fig. 

18. 



 
 

 

 
Fig.18 Side, Internal, Front, and Top views of the human skull cap and 3D printed skull cap 

 

During the course of the project, different skull caps are printed. Among the caps shown in the Fig. 19, the 

smallest cap is printed to validate the model created in CATIA V5 and the unfinished cap at the centre of 

the second row is a failed print and the cap which is to the left in the second row is also a failed print. 

 

 
Fig.19 Human skull cap and different caps printed in the course of the project 

 

6. Results/Analysis: 

The analysis is carried out using the ANSYS Mechanical APDL with reference to [22]. The generated 

mesh on the part is as shown in the Fig. 20. 

 
Fig.20 Mesh created on the part 

The analysis is performed by applying different static loads and the stress, strain and deflections at 

different loads are documented. The analysis is carried out on solid skull cap with human bone properties 

(S.H.S.), solid Ti-6Al-4V skull cap (S.T.S.), and lattice Ti-6Al-4V skull cap (L.T.S.). The properties of the 



 
 

 

human skull cap are taken with reference to [2] & [4] and the properties of the Ti-6Al-4V are taken from 

[22]. The skull cap is fixed at the points as shown in the Fig. 21. 

 

 
Fig.21 Fixed nodes of the skull cap 

Stress analysis on different skull caps 

Stress analysis is carried out on the skull cap with different loads acting on it. The figures of the same are 

presented in Fig. 22 & 23.  

Stress analysis for 100 N: 

 
Fig.22 Stress analysis of S.H.S, S.T.S, and L.T.S. for 100 N 

Stress analysis for 1780 N: 

 
Fig.23 Stress analysis of S.H.S, S.T.S., and L.T.S. for 1780 N 

 

Deflection analysis on different skull caps: 

Deflection analysis is carried out on the skull cap with different loads acting on it and the figures of the 

same are presented in Fig. 24 and 25. 

Deflection analysis for 100 N: 



 
 

 

 
Fig.24 Deflection analysis of S.H.S., S.T.S, L.T.S. for 100 N 

 
 
 
Deflection analysis for 1780 N: 

 

 
Fig.25 Deflection analysis of S.H.S., S.T.S., L.T.S. for 1780 N 

 
Strain analysis on different skull caps: 
Strain analysis for 100 N: 

 
Fig.26 Strain analysis of S.H.S., S.T.S., and L.T.S. for 100 N 

Strain analysis for 1780 N: 

 
Fig.27 Strain analysis of S.H.S., S.T.S., and L.T.S. for 1780 N 

 
7. Conclusions: 
The following conclusions are drawn from the work performed: 
1. CT scanning is carried out and 350 images of the skull cap are obtained which is processed using bio-
medical software called MIMICS. 
2. The processed data is exported as PCD which is prominent in reverse engineering field. 
3. The PCD is processed and a solid model of the human skull cap is modelled which is specific to its parent 
bone. 



 
 

 

4. Optimization technique called RSM is studied and is employed using Minitab® software and scanIP 
software. 
5. The mass of the skull cap is restored to its original mass of 0.27323 kg even if the implant is 
manufactured using Ti-6Al-4V alloy which has density twice greater than that of average human bone 
density. 
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ABSTRACT 

Belt conveyors are durable and reliable components used in the industries for transporting material. 

Conveyors producing single type of component at a time generally monitor and control a single type of 

object. However, if there are more objects, then another system needs to be developed. This project presents 

the design, fabrication and validation of an automatic monitoring and control system designed for probing 

various types of objects on a belt conveyor. This system uses Allen Bradley Micro Logix PLC for 

controlling and feedback of sensors for monitoring the objects. The production capacity of the system can 

be set in the program which can be easily altered satisfying the seasonal demand. The system stops 

automatically after reaching the desired production. In order to validate the designed system, experiments 

are performed using Taguchi’s methodology where in parameters like position, orientation, filling time, 

material type and types of objects i.e. trays and bottles are studied elaborately. 

 
1. Introduction: 
In today’s fast moving, highly competitive industrial world, a company must be flexible, cost effective and 
efficient if it wishes to survive. In the process and manufacturing industries, this has resulted in a great 
demand for industrial control systems or automation in order to streamline operations in terms of speed, 
reliability and product output. Automation plays an important role in the world economy and is concerned 
with the use of mechanical, electrical and computer based systems in the operation and control of 
production. The PLC is used to automate the production. The conveyor belts are used to transport the 
material and different sensors are used to sense the objects and give the feedback signal to the controller. A 
conveyor is a mechanical apparatus for moving items or bulk materials, usually inside a facility. Conveyors 
are used when material must be moved in relatively large quantities between specific locations over a fixed 
path, which may be in the floor, above the floor, or overhead. Conveyors are either powered or non-
powered. In powered conveyors, the power mechanism is contained in the fixed path, using chains, belts, 
rotating rolls or other devices to propel loads along the path. In non-powered conveyors, materials are 
moved either manually by human workers or by gravity from one elevation to a lower elevation. 
1.1 Types of Conveyor: 
 Roller conveyors 
 Skatewheel conveyor 
 Belt conveyor 
 Infloor towline conveyor 
 Overhead trolley conveyor 

 
2. Literature Review: 
An extensive literature review has been carried out to know the various methodologies and techniques used 
by engineers, researchers and manufacturers to develop an AMC system. This chapter present the various 
papers referred for developing an AMC system for the objects on the conveyor belt.  
Kaushal Pratap Singh et al. [1] proposed the conveyor belt design with IR object counting sensor for 
counting the objects effectively. IR sensing circuit is used to observe the object on the conveyor in different 



 
 

 

directions and voltage conversion is done for energy saving. Relay circuit is designed and different sensor 
working principles are explained. Sagar P. Jain et al. [2] designed the conveyor system with varying speed 
and effective movement of the objects on the conveyor belt using Variable Frequency Drive. PLC is used to 
control the system and SCADA is used to monitor the conveyor system effectively. Satyen Naik et al. [3] 
designed the system which can prepare the optimized chemical mixtures using PLC for optimizing the 
efficiency, precision and consistency of the mixture. The entire system is monitored using the SCADA 
software. Ashwini T. Sharnagat et al. [4] proposed an intelligent system based on PLC and SCADA for 
detecting faults like overload condition, alignment of the belt and material flow. Minimum power 
consumption 26 is done by controlling the speed of motor for the best energy saving system. G. Sujatha et 
al. [5] gives the information of integrating the sensors with the Programmable Logic Controller and control 
of the conveyor system using PLC. To control the conveyor ladder logics are used. N. Keerthipriya et al. [6] 
implemented the rotating mechanism at the junction of the conveyor belt for directing the objects to the 
corresponding destinations, by applying this system the time delay is decreases compared to manual system. 
M. Kanmani et al. [7] projected the use of PLC and SCADA for the belt monitoring and control in the 
thermal power plants. Belt tear up faults, oil level reduction faults, fire occurrence faults are monitored and 
controlled successfully with this system. Dheeraj Pongallu et al. [8] explained about the automatic 
multivariate liquid filling system in which the tank selection can be done using SCADA and conveyor 
diversion can be controlled by using solenoid flaps. Alhade A. Algitta et al. [9] designed and fabricated 
automatic packaging machine using PLC successfully, by increasing the production rate and decreasing 
production time as compared with traditional manual system. Slim Abdelhedi et al. [10] used the Gigabit 
Ethernet network and GigE vision camera to insure seamless integration with in the production line, image 
processing, fault detection and alarm generation are done 27 on a common work station for real time 
production monitoring within the bottling chain. Maitrey Trivedi et al. [11] explained about the closed loop 
conveyor system using PLC which is capable of stopping the bottle on the conveyor belt at the filling station 
and a fixed amount of liquid is poured in the bottle using solenoid valve. The input to the plc is given by the 
different sensors placed at different positions. Ganesh B. Shinde et al. [12] focused on improving the overall 
production rate by checking the weight of the product on the conveyor belt itself. This can be achieved by 
implanting the load cell under the conveyor belt and the product is accepted or rejected based on the load 
cell signal to the controller. K. Ganesan et al. [13] explained about low cost machine vision system for fault 
detection using Beagle Bone Black micro computer board. Hardware is controlled by arduino micro 
controller board.  
K. Kalaivani et al. [14] proposed a PLC based system which can monitor and control grains storage units by 
considering the factors like control and monitoring of temperature, rats and pests, different size bags to the 
respective places. SCADA is used for acquiring data and for monitoring overall process. Ashwini 
Bhiungade et al. [15] give the concept of automation of conveyor using PLC S7-300 and somatic manager 
software and explain the advantages of PLC over Relay logic. Mingwang Dong et al. [16] applied the 
concept of less motor operation technique for electricity saving and improvement of the belt conveyor 28 
system in coal yard. This technique has the advantages of low cost, stable performance and obvious effect in 
energy saving. The experiments were designed using the Taguchi’s methodology in Minitab 15 software. 
The experiments were designed in two stages i.e. stage-I and stage-II experiments. Stage-I experiments were 
designed to evaluate the performance of the developed system for the successful runs whereas stage-II 
experiments were designed for evaluating the performance of the developed system for the unsuccessful 
runs. An orthogonal array of L36 mixed type is used to obtain 36 experiments for stage-I and 36 
experiments for stage-II. Stage I experiments were conducted by using bottles and trays made of galvanized 
iron sheet and of type-I dimensions, orientation of bottles and trays are correct i.e. 90° and 0° respectively. 
The total production time can observe only in the stage-I because in stage-II the production is incomplete 
and production time is infinite due to nonmetallic objects, wrong orientation and type-II dimensions. 
 
3. Components: 
The components used in an AMC system for automatic monitoring and controlling different objects on the 

conveyor belt are SMPS, Induction type proximity sensor, Optical sensor, IR sensor, DC motor. 



 
 

 

3.1 SMPS: 

SMPS is used to convert AC voltage to DC voltage. The specifications of SMPS are - Input voltage: 220V 

AC; Output voltage: 24V DC; Current rating: 10A. An AMC system used different sensors working on 24V 

DC power supply so the SMPS of above specifications is used. 

3.2 Induction type proximity sensor: 

These sensors are used to detect the objects on the conveyor belt. In the system total six induction type 

proximity sensors (4 NO type, 2NC type) are used. One sensor is used to start the conveyor which is placed 

at the starting of the conveyor. Two sensors are used to sense the presence of tray at the solid filling station 

and single sensor is used to sense the presence of bottle at liquid filling station. The two sensors of NC type 

are used in restricted area circuit. These sensors are capable of sensing only metals. The specifications of 

the sensors are: Input voltage: 24V DC; Feedback voltage: 24V DC; Maximum current rating: 300mA; 

Sensing distance: 8mm; Mounting type: M18; Type: NC/NO.  

3.3 Sensing material: Metals 

The bottles and trays which are to be monitored are made of metals so inductive type proximity sensors 

with above specifications are selected. 

3.4 IR sensor 

IR sensor is used in the gate control circuit. Two IR sensors are used in the system to sense both sides 

simultaneously. The specifications of the sensors are – Input voltage: 5V; Feedback voltage: 5V; Sensing 

distance: 25mm. IR sensors used in the system are suitable for sensing non-metallic objects with above 

specifications. 

3.5 DC motor 

Single DC motor is used to drive the conveyor belt. The specifications of the motor are: Input voltage: 24V 

DC; Speed: 10rpm; Type: geared. An AMC system uses conveyor belt, driven by a motor of specifications 

mentioned above which is capable of driving the load on the belt.  The complete system works on 24V DC 

power supply. The 24V DC motor of 10rpm is used to run the conveyor belt. The proximity sensor “PS 1” 

which is placed at the starting of the conveyor is used to start the conveyor. Two proximity sensors “PS3” 

and “PS4” are used to sense the presence of trays at solid filling station. “PS3” and “PS 4” are placed at a 

distance more than the diameter of the bottles. Proximity sensor “PS 2” is placed at liquid filling station to 

sense the presence of the bottles. “PS 2” is placed at a height more than the trays. The bottles does not stop 

at solid filling stations because of not activating both sensors at a time but trays can activate both the 

sensors at a time and get stopped at solid filling station. The trays does not stop at liquid filling station 

because of not activating the sensor placed at a height more than its height but bottles can activate the 

sensor and get stopped at liquid filling station [10]. Thus, bottles will stop only at liquid filling station and 

trays will stop only at solid filling station. An optical sensor is placed at a height above and parallel to the 

conveyor belt. When someone tries to disturb the object on conveyor the optical sensor becomes active and 



 
 

 

makes the conveyor to stop and blows the buzzer. The interaction between the system and PLC is done 

only through the local control panel of the system. The gate control system and restricted area system are 

designed by using IR sensors and normally closed type proximity sensors respectively. 

 

4. Design: 
The complete system works on 24 volts dc power supply. The 24 V DC motor of 10rpm is used to run the 

conveyor belt [3]. Aproximitysensor“PS1”whichisplacedatthestarting of the conveyor belt is used to start 

the conveyor when an object is placed on the conveyor belt. Two proximity sensors “PS3” and “PS4” are 

used to sense the presence of tray at solid filling station. “PS3” and “PS4” are placed at a distance more than 

the diameter of the bottles so that bottles does not stop at solid filling stations because of not activating both 

sensors at a time but trays can activate both the sensors at a time and get stopped at solid filling station. 

Proximity sensor “PS2” is used to sense the presence of the bottle at liquid filling station. “PS 2” is placed at 

a height more  than the height of trays so that the trays does not stop at liquid filling station because of not 

activating the sensor placed at a  height more than its height but bottles can activate the sensor and get 

stopped at liquid filling station. Thus, bottles will stop 

onlyatliquidfillingstationandtrayswillstoponlyatsolidfillingstation. An optical sensor is placed at a height 

above and parallel to the conveyor belt. When someone tries to disturb the object on conveyor the optical 

sensor becomes active and makes the conveyor to stop and blows the buzzer. The interaction between the 

system and PLC is done only through the local control panel of the system. The minimum distance between 

the objects on the conveyor should be more than the distance between the tray detecting sensors otherwise 

two bottles may be treated as a tray. 

4.1 CATIA model of an AMC system:  
 

 
Fig.1 CATIA model of an AMC system 

4.2 Circuit diagram 
Proximity sensor “PS 1” is used to start the conveyor belt when the object is placed on the conveyor belt. 
Proximity sensor “PS 2” is placed at the liquid filling station to detect the presence of the bottle. Proximity 
sensor “PS 3” and Proximity sensor “PS 4” is placed at the solid filling station to detect the presence of the 
tray. Optical sensor “OS” is used to sense the obstacles and is placed parallel to the conveyor belt. [8]. All 
the sensors are connected to the 24 volts dc power supply and each feedback wires are connected to local 
control panel separately. Local control panel is connected to PLC according to the ladder logic diagram. The 



 
 

 

output signals from PLC are connected to the positive poles of motor, buzzer and lamps through the relay 
switches [9]. The negative poles are connected to -24 volts. A Switch Mode Power Supply “SMPS” is used 
to supply 24V DC power to the system. SMPS is connected through the fuse for safety of the system. A 
switch is used to power on the system. 
 

 

Fig.2 Circuit diagram of the system 
 

4.3 Ladder Logic: 
Ladder logic diagram is developed used RS Logix 500 software. The different function blocks used are: 

Count up “CTU” for counting the objects, timer on delay “TON” to preset the time for filling trays and 

bottles, jump to subroutine “JSR”, addition “ADD” to display the total production on the monitor, return 

“RET” to return to the program, input and output coils, end “END” for ending the program [9]. AND logic 

is used for tray sensing sensors at solid filling station because the trays are wide enough to activate the two 

sensors at a time. Timer is set for the preset time as per the designed experiments. The time for stopping 

trays and bottles at respective filling stations can be adjusted easily in the ladder logic diagram. The number 

of bottles and trays to be filled is given in the respective counters used in ladder logic. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.3 RS Logix 500 
The experiments were designed using the Taguchi’s methodology in Minitab 15 software. The experiments 
were designed in two stages i.e. stage-I and stage-II experiments. Stage-I experiments were designed to 
evaluate the performance of the developed system for the successful runs whereas stage-II experiments were 
designed for evaluating the performance of the developed system for the unsuccessful runs. An orthogonal 
array of L36 mixed type is used to obtain 36 experiments for stage-I and 36 experiments for stage-II. Stage-I 
experiments were conducted by using bottles and trays made of galvanized iron sheet and of type-I 
dimensions, orientation of bottles and trays are correct i.e. 90° and 0° respectively. The total production 
time can observe only in the stage-I because in stage-II the production is incomplete and production time is 
infinite due to non-metallic objects, wrong orientation and type-II dimensions.   
 
4.4 Fixed parameters of the system   



 
 

 

 Orientation of bottle and tray sensing sensors  
 Positions of bottle and tray sensing sensors  
 Speed and length of the conveyor belt  
 Positions of the liquid and solid filling stations  
 Height of the solid and liquid filling stations  
 

4.5 Variable parameters of the system  
Variable parameters are the parameters which can vary with respect to the experiments designed. 

Table 1: Variable parameters of the system and its settings 

S. No Variable parameters 
No. of 

settings 

Settings of the 

Parameters 

1 

 

Number of trays to be 

filled 
3 2, 3, 5 

2 
Number of bottles to be 

filled 
3 2, 3, 5 

3 
Dimensions of the 

bottles 
2 

Type-I: 

diameter = 55 mm, 

height=135 mm 

Type-II: 

diameter = 55 mm, 

height=80 m 

4 Dimensions of the trays 2 

Type-I: 

length=200 mm, 

width=50 mm, 

height=100 mm 

Type-II: 

length=100 mm, 

width=50 mm, 

height=60 mm 

5 Orientation of the trays 2 0°, 30° 

6 Orientation of the bottles 2 0°, 90° 



 
 

 

7 Material of the bottles 3 

Galvanized iron 

sheet, Cardboard, 

Paper 

8 Material of the tray 3 

Galvanized iron 

sheet, Cardboard, 

Paper 

 

9 

Distance between the 

objects on the conveyor 

belt 

2 150 mm, 240 mm 

10 

Distance between the 

bottle and sensor 

 

2 1mm, 5mm 

11 Tray filling time 2 8 s, 6 s 

12 Bottle filling time 2 8 s, 6 s 

13 

Time intervals of the 

objects placed on the 

conveyor belt 

2 8s, 10s 

14 Number of interruptions 2 0, 2 

15 Input sequence 3 
B-B-T, B-T-B, 

T-T-B 

 
4.6 Observations of the system  
The observations of an AMC system are recorder after conducting the different experiments designed.   
• C-C distance between the bottles and liquid filling station nozzle  
• C-C distance between the trays and solid filling station nozzle  
• Actual bottle stopping time at the liquid filling station  
• Actual tray stopping time at the solid filling station  
• Total time taken for the desired output  
 Actual stopping time of bottles and trays at respective filling stations are noted using stop watch and 
measuring scale is used to measure the centre to centre distances of bottles and trays from the respective 
filling station nozzles. The graphs are plotted considering the observations of the system for each 



 
 

 

experiment designed by varying the variable parameters of the system. All the variable factors of the system 
are considered for experimentation.  
The observations of stage-I and stage-II experiments was noted respectively after conducting the 
experiments designed in Table 2 and Table 3. The total time taken for desired output for stage-I experiments 
are finite because the stage-I experiments are conducted for successful runs. In stage-II experiments the total 
time taken for desired output is infinite due to unsuccessful runs so, the remarks as stopped and not stopped 
are recorded for stage-II experiments 
 
5. Results: 
In order to validate the functioning of the developed prototype of automatic monitoring and control system 
the experiments designed and conducted in two stages as mentioned in the earlier chapter. All the 72 
experiments were conducted in two stages and observations of the experiments were noted.  
5.1 Stage-I experiments: 
Stage-I experiments are the experiments conducted to validate the performance of the system for successful 
runs. For successful runs the objects should be made of metal because the sensors are of inductive type 
proximity sensors which are capable of sensing metals only. The dimensions of the objects should be of 
type-I and objects orientation should be correct as mentioned.  

 
Table 2: Conditions of the bottles for successful runs 

Bottle material Bottle dimensions (mm) Bottle orientation (°) 

Galvanized Iron (GI) 
Type-I: 

diameter = 55,  height=135 
90 

Table 3: Conditions of the trays for successful runs 
Tray material Tray dimensions (mm) Tray orientation (°) 

Galvanized Iron (GI) Type-I: length=200, 
width=50, height=100 

0 

 
The following graphs for stage-I experiments are obtained after conducting the experiments as per the 
designed experiments and observations are noted. 
In Fig. 4 shown below, it is observed that 27.78% (10) of the experiments met the desired value with no 
deviation from the target. Allowable limits for the deviation of center-center distance of bottle to the liquid 
filling station nozzle are ±25 mm.  Observed values for the remaining experiments are between -3mm and 
+2 mm which are well within the allowable limits. 

 
 
 
 
 
 
 
 
 

Fig.4 Deviation of C-C distance of bottle to liquid filling station nozzle from desired value 
In Fig. 5 below, it is observed that 33.33% (12) of the experiments met the desired value. The allowable 
limits for the deviation of C-C distance of tray to solid filling station nozzle are ±100 mm the observed 
values are between ± 3 mm which are far within the allowable limits. 
 
 
 
 



 
 

 

 
 
 
 
 

Fig.5 Deviation of C-C distance of tray to solid filling station nozzle from desired value 
In Fig. 6, it is observed that 38.89% (7) of the experiments met the desired values. For the remaining 
experiments, the actual stopping times of bottles are in between 5.47 s and 6.23 s which are small deviations 
from the desired value. 
 
 
 
 
 
 
 
 
 

Fig.6 Deviation of actual stopping time with desired stopping time of bottles 
 
In Fig. 7, it is observed that 33.33% (6) of the experiments met the desired values. For the remaining 
experiments, the actual stopping times of bottles are in between 7.36 s and 8.19 s which are small deviations 
from the desired value. 
 
 
 
 
 
 
 
 
 
 

Fig.7 Deviation of actual stopping time with desired stopping time of bottles 
 
In Fig. 8, it is observed that 38.89% (7) of the experiments met the desired values. For the remaining 
experiments, the actual stopping times of trays are in between 5.5 s and 6.14 s which are small deviations 
from the desired value. 
 
 
 
 
 
 
 
 
 
 

Fig.8 Deviation of actual stopping time with desired stopping time of trays 
 
5.2 Stage-II experiments 



 
 

 

Stage-II experiments are the experiments conducted to validate the performance of the system for 
unsuccessful runs. For unsuccessful runs the objects should be made of non-metal because the sensors are of 
inductive type proximity sensors which are not capable of sensing non metals. The dimensions of the 
objects should be of type-II and objects orientation should not be correct as mentioned. 

 
Table 4: Conditions of the bottles for unsuccessful runs 

Bottle material Bottle dimensions (mm) Bottle orientation (°) 

Card Board (CB), Paper (P) 
Type-II:  

diameter = 55, height=80 
0 

 
Table 5: Conditions of the trays for unsuccessful runs 

Tray material Tray dimensions (mm) Tray orientation (°) 

Card Board(CB), Paper (P) 
Type-II: length=100, 
width=50, height=60 

30 

 
It is observed that the bottles stopped at liquid filling station only in experiment numbers 3, 9, 12 because 
the bottles will follow the conditions for successful runs and trays will stop at solid filling station only in 
experiment number 6, 20, 23 because the trays will follow the conditions for successful runs as mentioned 
respectively. In remaining 30 experiments of stage-II the bottles and trays does not stop at the respective 
filling stations due to wrong orientation, material type and small dimensions as mentioned 
 
6. Conclusions: 
Conveyors producing single type of component at a time generally monitor and control a single type of 
object. However, if there are more objects, then another system needs to be developed. So an AMC system 
is designed and fabricated for monitoring and controlling of two different objects simultaneously on a single 
conveyor belt. Based on the above results it is observed that the project has been successfully completed and 
achieved its objectives as mentioned earlier.  
• An automatic monitoring and control system for monitoring and controlling of two different objects 

simultaneously on a single conveyor belt is designed and fabricated.  
• Ladder logic diagram for the system is designed.  
• The position and orientation of trays and bottles on the conveyor belt is monitored and controlled.  
• The number of trays and bottles to be filled is monitored and controlled.  
• The time to fill the bottles and trays at respective filling stations is monitored and controlled.  
• The type of material of bottles and trays are identified.  
• The obstacles are monitored and controlled. 
• The system is controlled effectively by using ladder logic diagram.   
• The system was validated successfully by conducting experiments designed using Taguchi’s 

methodology under different test conditions.  
Based on the experiments designed using Taguchi’s methodology, it is observed that:  
• The C–C distances of bottles to liquid filling station nozzle are varying between -3 mm and +2 mm 

which are well within the allowable limits of ±25 mm.  
• 10 out of 36 experiments i.e. 27.78% of the experiments met the desired value of 0 mm.  
• The C-C distances of trays to solid filling station nozzle are varying between ±3 mm. which is well 

within the allowable limits of ±100 mm. 
• 12 out of 36 experiments i.e. 33.33% of the experiments met the desired value of 0 mm.  
• The actual bottle stopping times are in between 5.47 s and 6.23 s which are small deviations from 

desired time of 6 s.  
• In 7 out of 18 experiments i.e. 38.89% of the experiments bottles stopped exactly for 6 s.  



 
 

 

• The actual bottle stopping times are in between 7.36 s and 8.19 s which are small deviations from 
desired time of 8 s.  

• In 6 out of 18 experiments i.e. 33.33% of the experiments bottles stopped exactly for 8 s.  
• The actual tray stopping times are in between 5.5 s and 6.14 s which are small deviations from desired 

time of 6 s.  
• In 7 out of 18 experiments i.e. 38.89% of the experiments trays stopped exactly for 6 s.  
• The actual tray stopping times are in between 7.53 s and 8.23 s which are small deviations from desired 

time of 8 s.  
• In 6 out of 18 experiments i.e. 33.33% of the experiments trays stopped exactly for 8 s.  
• The total time taken for each experiment designed is varying between 62.45 s and 214.74 s.  
• The bottles and trays in stage-II experiments are stopped as desired. 
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ABSTRACT 

Biomechanics is a field that combines the disciplines of biology and engineering mechanics and utilizes the 

tools of physics, mathematics and engineering to describe the properties of biological materials. The 

project is aimed at 3D printing of a humerus bone with proximal implant. This includes solid modeling of 

the humerus bone in CATIA software followed by preparation of a reshaped bone and resurfaced implant. 

3D scanning process is utilized to obtain the point cloud data of humerus bone. This data acts as an input to 

CATIA software for modeling purpose. Morphometric measurements of bone are taken and used to 

develop the resurfacing implant for proximal humerus. The humerus head is reshaped by using Boolean 

operations in CATIA software and assembled with resurfacing implant. The two models are then evaluated 

in ANSYS software for static analysis. Loads of 47.5 N, 67.5 N and 87.5 N were applied on both the 

models. Results showed that the reshaped bone with implant has less deformation than humerus bone. The 

prototypes of reshaped bone and resurfacing implant are then printed at 80% scaled down size in Makerbot 

Replicator 2X 3D printer and later assembled. The results of analysis and the 3D printed models are 

helpful for orthopedic surgeons for humerus surgeries and bone prosthesis. 

 
5. Introduction: 
Humerusbone: The humerus is the largest bone in the arm and the only bone in the upper arm. Many 
powerful muscles that manipulate the upper arm at the shoulder and the forearm at the elbow are anchored 
to the humerus. Movement of the humerus is essential to all of the varied activities of the arm, such as 
throwing, lifting and writing [27]. The humerus has three main parts - the proximalend, theshaft and the 
distalend. 
Proximal end ofhumerus: The proximal end of the humerus articulates with the scapula to form the 
glenohumeral joint (shoulder joint) [27]. 
Shaft: The shaft of the humerus contains some important bony landmarks such as the deltoid tuberosity and 
radial groove and is the site of attachment for various muscles. [27].  
Distalregion: The distal part of the humerus articulates with the ulna and radius at the elbow joint. Here, the 
bone adopts a flattened, almost 2-D shape. 
3Dscanning: 3D scanning is a fast and accurate method of putting physical measurements of an object 

onto the computer in an organized manner, resulting in what is commonly called 3D scan data. Types of 

3D scanningtechniques are 3D laser scanning, White light scanning, Photogrammetry, Machine vision, 

Coordinate measuring machines, Destructive slicing, 3D CT or MRI scans, Theodolite, Trackers. 

3Dprinting: In 3D printing, all the parts are built by adding layers up on each other and hence the 

techniques are also called as Additive Manufacturing techniques. In order to visualize the approach used, it 

is beneficial to think of constructing a loaf of bread by stacking individual slices on top loaf each other. 



 
 

 

There are different processes involved in additive manufacturing process. The difference between the 

various processes lies in the approach taken to produce the individual slices[7].Different types of additive 

manufacturingprocesses are Stereolithography(SL), Fused Deposition Modeling(FDM), Selective Laser 

Sintering(SLS), Solid-basedcuring, Ballistic particlemanufacturing, Laminated-objectmanufacturing. 

Fused depositionmodelling: Fused deposition modelling is an additive manufacturing technology 
commonly used for modeling, prototyping, and production applications. FDM works on an "additive" 
principle by laying down material in layers; a plastic filament or metal wire is unwound from a coil and 
supplies material to produce a part. 

 
Fig.1 Fused deposition modeling [7] 

 
6. Literature Review: 
The different types of parameters to measure the humerus bone, the reverse engineering techniques to 

develop the bone 3D model, analysis of bones, 3D printing techniques and prototype printing of different 

parts are reviewed. The reverse engineering process techniques are useful to develop the 3D model of 

bones. The developments of prototypes are important in manufacturing process to reduce the wastage of 

material and its production cost. The brief review of literature is given below. 

S. Lokanadham et al. [1] collected 100 adult humerus bones and the 14 parameters of the humerus are 

measured to study the Morphometric analysis by using metal sliding caliper, osteometric board and tape.  

Somesh M. S. et al. [2] measured the morphometry of 100 (49 right hand and 51 left hand) adult dry 

humerus bones. The lengths different segments of the humerus were determined usingosteometric board 

and an analogical caliper. Regression analysis used to determine the humerus length from its different 

segments. Morphometric analysis suggests that there are some differences between the segments of 

humerus within different population groups. That means the environmental conditions are affecting the 

bonegrowth. Branislav Sobota et al. [3] explained the 3D scanning technologies and the data processing 

required to acquire a usable 3D model. In 3D model acquisition process the 3D scanning and data 

processing are important to develop the accurate 3D model.  O. Etxaniz et al. [4] used the reverse 

engineering process to get the prototype of the skull. Due to complex shape of the skull, it is difficult to 

take data of some areas. For that minimum targets are placed around the object in auxiliary element, so that 

the coordinate system is fixed to the targets. The digital model of skull is prototyped in 3D printing 

machine with ABSmaterial. Dragos Popa et al. [5] discussed a method of study and the steps to obtain a 

virtual bone, for that purpose the computer aided design software solidworks is used to develop a femur 



 
 

 

bone model. The measurements are taken on real bone component and identified the simple shapes of 

bone. Antoanela Naaji [6] explained the different methods of designing 3D models in biomechanics. In 

development of 3D model with CAD programs, the solid works is used to develop the model using 

different features. The another method is development of 3D model with spline curves, in that the distal 

end of humerus bone is modeled with spline curves, For the development of humerus 3D model, the CT 

process is used.  D. Chandramohan et al. [7] explained a method of using data obtained from CT images 

combined with digital CAD and rapid prototyping model for surgical planning. The morphological data of 

the Humerus bone was collected using the CT scanner. The technique helps to analyze the actual bone 

structure. The physical model is used for planning of Orthopedic surgery especially choice of Implant type, 

Implant position and application procedure.  Rahul Manohar Sherekar et al. [8] discussed the anatomy, 

scanning, and modeling of shoulder joint. A FEA of bones joint are retrieved from CT/MRI scan data. The 

meshed model is then analyzed for Von-Mises stresses. The results obtain from analysis were helpful for 

Orthopedic surgeons for pre & post operative planning. Kirk L. Jensen [9] designed the third generation 

resurfacing implant for shoulder arthroplasty. Author explained the design considerations for a resurfacing 

implant. Author analyzed the results after surgery and compared with another implant surgeries. F. 

Schmidutz et al. [10] created and analyzed the two different implants for shoulder arthroplasty. Implants 

are having different shapes itself.  The FE models of bones are created by using   the computed 

tomography (CT) data. Based on implant designs the bone stock at proximal end is removed. Muhammad 

Shahzad Masood et al. [11] focused on an unconventional approach in modeling of complex shaped human 

femur bone to make realistic investigations.  Raji Nareliya et al. [12] explained the application of finite 

element analysis of human femur bone. Author concluded that 3D models of femur bone were generated 

by most of the authors, using CT/MRI scan data of either dry or frozen human femur bone for finite 

e l e m e n t  analysis and validated the results by experimental analysis. Yegireddi Shireesha et al. [13] 

modeled the human femur bone in CATIA software by taking the dimensions of it. The analysis, the static 

analysis is performed on bone with different materials and different loads. The materials used in analysis 

are structural steel, Ti-6Al-4V. The stress and deformation are evaluated, but the stresses of both materials 

are identically equal. When compared with deformation values, Ti-6Al-4V shows less deformation. Ti-

6Al-4V material is best material for orthopedic implant surgeries. W. Sun et al. [14] presented an overview 

of computer-aided tissue engineering. The methodology to generate bio-CAD models from high resolution 

non-invasive imaging, the medical imaging process and the 3D reconstruction technique are described. 

Nishant Kumar Singh et al. [15] reconstructed the appropriate 3D CAD model of femur for prediction of 

stress transfer after THR. The process of image acquisition, segmentation and solid model generations are 

explained. A 3D finite element model of femur was developed based on CT, DICOM images. Jelena 

Milovanovic et al. [16] explained the procedure for develop the 3D digital image from CT scanner and 

MRI data. Data transfer, processing and segmentation techniques are described, that is conversion of CT or 



 
 

 

MRI data from DICOM to .STL file format, which is universally accepted rapid prototype file format.  

Jason J. Scalise et al. [17] explained the resurfacing arthroplasty of 

thehumerussurgeryprocessandtheindicationsandrequirements for surgery. The surgical technique is 

described by doing real time practice. The resurfacing implant is fixed in reshaped humerus and analyzed 

real time problems after surgery. 

 

7. Methodology: 
The methodology, from developing of the humerus bone and its implant to prototype printing is 
describedbelow: 
3Dscanning: The CATIA software is selected to develop the 3D model by using the output of 3D scanning 
process. The ASCII file format in form of point clouds that point clouds are edited and developed the 
meshed model. The meshed model is converted to surface model. Finally the surface model is developed as 
solidmodel. 
CAD modelling ofbone: The CATIA software is selected to develop the 3D model by using the output of 
3D scanning process. The ASCII file format in form of point clouds that point clouds are edited and 
developed the meshed model. The meshed model is converted to surface model. Finally the surface model is 
developed as solidmodel. 
Morphometry ofbone: The dimensions of humerus bone are measured to know the diameter of the 
humerus head and height of the head, which are useful to develop the model of humerus proximalimplant. 
Implantmodelling: The implant for humerus resurfacing is modelled by using measurements of humerus 
head in CATIA software. This implant model is saved in required format to analysis and prototype printing. 
Reshaping ofbone: The fixation of implant to humerus bone requires reshaping at proximal head.  Based on 
shape and dimensions of implant,    the humerus head is reshaped. This reshaped model is assembled with 
implant. This assembly is useful to perform the analysis. 
Analysis: The static structural analysis is performed on humerus bone and assembled part. The titanium 
material properties are used for implant in analysis. The analysis performed with varying loads and the 
results are compared. 
3Dprinting: The fused deposition modelling technique of additive manufacturing is used for prototype 
printing. The reshaped humerus bone model and implant model are used to prototype printing in 3D printing 
machine. 

 
8. Experimentation/Design: 
8.1 Modelling of Humerus Bone and Implant:  Modelling of bones is very difficult to develop in 
CAD tool without using reverse engineering processes. 3D scanning is one of the methods of reverse 
engineering process, which is used to acquire 3D data by using 3D scanner. The raw output from 3D 
scanner is usually point-cloud. Next, method for transformation of these points to usable model (usually, the 
target model is a surface model based on triangles) are needed [3, 21]. The Artec 3D non-contact scanner 
and Artec studio 9.0 software are used to take point cloud data of humerus bone. In this particular case, 
CATIA V5-6R22 software is used to develop the 3D model of humerus bone. 
3D scanning ofbone: Humerus bone is scanned by Artec 3D scanner, which uses light scanned method. In 
this method, the humerus bone is placed on table and a pattern of light is projected onto the bone as shown 
in Fig. 2. This allows capturing the positions of a large number of points at once. The 3D scanner is moved 
around the object to get the scandata. The next stage is data processing. It consists of several parts. First, the 
point cloud has to be meshed, i.e. the points have to be connected into a collection of triangles. Then the 
scans are aligned from various angles to create the whole bone surface. The aligned scans then have to be 
merged into one continuous mesh by using the merge option. The scanned data other than the humerus bone 
is removed. Fill holes tool is used to fill the unscanned part and smooth surface tool is used to smooth the 
meshed model of the bone. The final meshed model of humerus bone is shown in Fig.3. 

 



 
 

 

 
Fig. 2 3D scanning of humerus boneFig.3 Mesh model of humerus bone 

Depending on accuracy of 3D scanner the model is accurate. Some errors are occurred during 3D scanning, 

which develop the holes on model. The output of meshed model of bone is saved in to ASCII file format, 

which consists of point cloud data. Which is useful as input to CATIA software. 

CAD Modeling of humerus bone inCATIA: The modeling of humerus bone is done in two different 

stages i.e., editing of point cloud data and development of solid model. 

Editing of humerus bone point clouddata: Digitized shape editor work bench is chosen in CATIA 
software to edit the point cloud data. Next, it is necessary to obtain total cloud points which are hidden 
before activating the particular points. The activate areas tool is used to activate the cloud points of humerus 
bone by selecting ‘activate all option’. Fig. 4 shows the edited points in humerus bone cloud points. The 
above editing process is repeated to decrease the whole cloud points to single layer cloud points of humerus 
bone. The humerus bone cloud points are divided into 17 parts of points, then only it is easy to find out the 
irregular points and easy to select the points at different curvatures. The final cloud points have single layer 
of points as shown in Fig. 5, which are useful to get good meshed model of humerusbone. The filter tool 
from cloud edition toolbar is selected to filter the cloud points. The homogeneous value entered is 1 mm, 
which is sphere radius. The sphere passes over the cloud of points, starting on the first point met.  All the 
points that are inside the sphere are t h e n  hidden. The sphere goes to the next remaining point and removes 
the points that it contains, and so on. The final cloud points are saved by selecting the export icon in cloud 
import toolbar. 

 
Fig.4 Edited points in total cloud points of humerus bone 

 

 
Fig.5 Final cloud points of humerus bone 



 
 

 

Solid modeling ofbone: The saved cloud points are imported by using the cloud import option in digitized 

shape editor workbench. The total number of 1582 points is showing in its statistics. Compared to cloud 

points acquired from 3D scanning, 79.7% of points are removed. The meshing of points is first step to 

develop the solid model, for that purpose the mesh creation tool is selected from mesh toolbar. The default 

neighbourhood value 5.088 mm is taken to develop the mesh model of bone. The mesh is generated with 

some holes because thefacetedgesarenotcreated. Theneighbourhoodisthemaximum facet edge; the edge of 

facet is more than 5.088 mm. The neighbourhood value increased up to 10 mm; at this point, the model was 

fully meshed. The maximum neighbourhood value is required to create facet. Neighbourhood is the 

maximum length of the facet of the edge, if one edge of the facet is greater than this maximum, the facet 

will not be created [24]. The mesh cleaner tool is used to analyze the corrupted triangles, duplicated 

triangles, inconsistence orientation, non-manifold edges and vertices. The meshed model is useful to 

develop the surface model in quick surface reconstruction workbench. Quick surface reconstruction work 

bench is selected in CATIA software to develop the surface model of humerus bone. The surface creation 

toolbar has automatic surface tool to develop the surface model. Mean surface deviation, surface details 

and target ratio of 0.005 mm, 2000 and 100 are entered respectively in the automatic surface tool options. 

The part design work bench is selected to develop the solid model from surface model. The surface model 

is useful to develop the solid model of humerus bone. The close surface tool is good to develop the surface 

of irregular shapes to solid model as shown in Fig. 6. 

 
Fig.6 Solid model of humerus bone 

Implant modelling: The part design workbench is used for modelling of implant.  The 3D model of implant 
is developed in CATIA by using the Boolean operations. 
Reshaping of humerusbone: Reshaping of humerus bone at proximal head is needed for proper fixing of 
the implant during surgery. The Boolean operations are used to develop the reshaped bone in CATIA 
software. In order to reshape the humerus bone, material removal & addition operations are required. 
Material removal involves creation of a circle on a plane1 which is then used to remove material up to a 
depth of 15  mm  from  the  surface  of  humerus head  through  pocket  tool. The implant stem is developed 
with cruciform shape. For proper fitting of the implant stem with the bone, similar cruciform shape is to be 
created. The plane5 is created at 9 mm depth from the flat surface and the cruciform shape is drawn on that 
plane.  The pad option is used to add the material to hole. The internal shape of hole is same as compared 
with external shape of the implant shape as shown in Fig. 7. The reshaped humerus bone model can be used 
to assemble with implant. 



 
 

 

 

 
Fig.7. Reshaped humerus bone 

Assembly of reshaped bone andimplant: The reshaped humerus bone and implant models are imported 
into assembly design workbench in CATIA software by using existing component option from product 
structure toolbar as shown in the Fig. 8. 

 
Fig.8 Assembled reshaped bone and implant 

8.2 3D Printing of Humerus bone and implant :  
Prototype printing in manufacturing process is good to reduce the wastage of material and cost. The fused 
deposition modeling technique is used and the Makerbot Replicator 2X 3D printer and makerware software 
are used to develop the 3D printed models of humerus bone and implant. The two printed models are printed 
individually and assembled. ABS material is used to print the models. ABS is a common thermoplastic used 
to make light, rigid, modeled product. It is a copolymer made by polymerizing styrene and Acrylonitrile in 
the presence of polybutadiene. The proportions can vary from 15 to 35% acrylonitrile, 5 to 30% butadiene 
and 40 to 60% styrene. The result is a long chain of polybutadiene criss-crossed with shorter chains of poly 
styrene-co acrylonitrile. The nitrile groups from neighboring chains, being polar, attract each other and bind 
the chains together, making ABS stronger than pure polystyrene. The most important mechanical properties 
of ABS are resistance and toughness[7]. 
3D printing of reshaped humerusbone: The STL format file of reshaped humerus bone is given as an 
input to Makerware software; the model is visible on build platform. The co-ordinates of humerus bone are 
not same as co-ordinates of build platform and also the size of humerus bone is more than the build 
platform. It is required to move the model in proper orientation and also required to scale down.  To get the 
maximum size of the model, the model is to place in inclined position on build platform by seeing on top 
view. For better orientation, the model is moved by rotating in Y-direction with angle of -250 and in X- 
direction with angle of +1000 and model is moved onto platform, then the model is rotated in Y-direction 
with the angle of +250. The model is laid flat and centered by using the lay flat and center options. The 
model moved in Z-direction with the angle of +300 and in Y-direction with the angle of +250. The humerus 
bone model dimensions are exceeded to compare with machine build plate dimensions, for that reason, the 
model is scaled down to 80% by using the scaling option. The original dimensions of humerus bone model 



 
 

 

in X, Y, Z directions are 294.92 mm, 208.72mm, 316.35mm decreased to 235.94 mm, 166.98 mm and 253.08 
mm.The parameter setting in 3D printer is important to get good quality 3D printed model. The parameter 
values of layer height, shell thickness, number of shells, infill structure, infill percentage and build plate 
temperature shown in Table 1. 
 

 Table 1 Parameter values used in 3D printing 
Layer 
height 
(mm) 

Shell 
thickness 

(mm) 

No. of 
shells 

Infill 
structure 

% of 
infill 

Build plate 
temperature (⁰C) 

0.1 0.1 02 hexagonal 20 120 

 

The humerus bone model is printing in Makerbot 3D printer by placing the layer by layer of material with 

hexagonal pattern infill structure as shown in Fig. 9. The horizontal lattice structure is useful to reduce the 

weight and save the material. For printing of model, the 3D printer took 6 hr 21 min of time as in 

software. The Fig. 10 shows the 3D printed model of reshaped humerus bone which is so accurate to 

compare with 3D model of reshaped humerus bone. 

 

Fig.9 Hexagonal pattern infill of humerus bone 
 

 
Fig.10 Anterior views of physical and 3D printed model of humerus bone. 

3D printing ofimplant: The STL format file of implant is given as an input to Makerware software in 

computer system, which is connected to 3D printing machine. The orientation of implant on platform 

is important to get the printed model with accurate shape. The 3D printed reshaped humerus bone 

model is 80% scaled down model. So the implant model is also scaled down to 80% for achieving a 



 
 

 

perfect fit with the reshaped bone. Fig. 11 shows the 3D printed implant, which is matched accurately 

with the 3Dmodel. 

 

 
Fig.11 3D printed model of implant 

 

Assembly of humerus bone andimplant: The proximal implant fixation with humerus bone in real time 
surgery process is very important. The printed models of humerus bone and implant surfaces are cleaned 
and assembled together as shown in Fig. 12. 
 

  
 Fig.12 Assembled humerus bone and implant 

 
9. Results/Analysis: 
5.1 Analysis of Humerus Bone: 
The static structural analysis is performed in ANSYS workbench software. The .IGS file format file of 

humerus bone is imported in to ANSYS workbench as shown in Fig. 13. The human humerus bone has two 

kinds of material i.e., compact and spongy, like a composite material. The material of the bone is 

anisotropic and not homogeneous. It is difficult to assign the real properties to bone. In this analysis, the 

average data of material properties are assigned to solid humerus bone and it was considered homogeneous 

and isotropic [13]. 

 



 
 

 

 
 

Fig: 13 Imported humerus bone model into ANSYS 
 

The material properties are selected and assigned to solid humerus bone [18, 20]. The humerus bone 

material properties are shown in Table 2. 

 

Table 2 Humerus bone material properties 

Bone Material Properties 
Young’s modulus (GPa) Poisson ratio Bone density (Kg/m3) 

17.2 0.30 1900 
 

The triangular surface mesh is generated by using the mesh generate option. The distal region of humerus 

bone is selected as fixed support and the load to be applied on humerus head. The arm weight was 37.5 N 

(5% of the body weight of a 75 kg person) considered and the additional loads are added to apply on 

humerus bone [19]. The loads of 10 N, 30 N and 50 N are added to 37.5 N of arm weight, which are applied 

on proximal humerus bone as shown in Fig. 14. 

 
Fig.14 Applying the load on humerus bone. 

Stress analysis of humerusbone: The stress analysis is performed on humerus bone with different loads to 

know the stress variations in humerus bone. The minimum load of 47.5 N is applied on humerus bone. The 

maximum stress of 17.019 MPa is developed in shaft of the humerus bone and the minimum stress of 

8.7109e-004 MPa is developed at proximal humerus bone. The load of 67.5 N is applied on humerus bone 

to know the stress development. The maximum stress of 24.184 MPa is developed in  shaft of the humerus 



 
 

 

bone and the minimum stress of 1.2363e-003 MPa is developed at proximal humerus bone as shown in 

Fig.6.4. The final load of 87.5 N is applied on humerus bone. The maximum stress of 31.35 MPa is 

developed in shaft of the humerus bone and the minimum stress of 1.6015e-003 MPa is developed at 

proximal humerus bone. 

Strain analysis of humerusbone: The load of 47.5 N is applied on humerus bone. The maximum stain of 

9.9008e-004 is developed in shaft of the humerus bone thatis near to distal region and the minimum strain of 

6.3048e-008 is developed at proximal humerus bone. When load of 67.5 N is applied on humerus bone, the 

maximum stain of 1.407e-003 is developed in shaft of the humerus bone that is near to distal region and the 

minimum strain of 8.9594e-008 is developed at proximal humerus bone as shown in Fig. 6.7. The load of 

87.5 N is applied on humerus bone, the maximum  stain of 1.8238e-003 is developed in shaft of the humerus 

bone that is near to distal region and the minimum strain of 1.1614e-007 is developed at proximal humerus 

bone. 

Deformation analysis of humerusbone: The load of 47.5 N is applied on humerus bone. The maximum 

deformation of 2.5189 mm is developed at proximal region of humerus bone When the load of 67.5 N is 

applied, the maximum deformation of 3.5794 mm is developed at proximal region of humerus bone as 

shown in Fig. 6.10. The load of 87.5 N is applied on humerus bone. The maximum deformation of 4.64 mm 

is developed at proximal region of humerus bone. 

Analysis of humerus bone withimplant: During the load condition, the behavior of humerus bone with 

implant is different from normal humerus bone. The stress, strain and deformation of humerus bone with 

implant are analyzed with varying loads. The model has two different parts, one is reshaped humerus bone 

and  other  one  is  resurfacing  implant.  Two  models  have   different material properties. The humerus 

bone material properties are assigned to bone model that are shown in Table 1. The resurfacing implants are 

manufactured commonly with titanium alloy (Ti-6Al-4V), the material properties of titanium alloy are 

Young’s modulus (GPa) :115, Poisson ratio : 0.30, Density (Kg/m3): 4430. The loads of 47.5 N, 67.5 N, and 

87.5 N are applying on implant cap to know stress, strain and deformations of it. The distal region of 

humerus is selected as fixed support and the loads are applying on implant cap. 

Stress analysis of humerus bone withimplant: The loads of 47.5 N, 67.5 N, and 87.5 N are applied on 

humerus bone with implant individually and determined the stress values. When the load of 47.5 N is 

applied, the maximum stress of 43.299 MPa and minimum stress of 1.4285e-002 MPa are developed in 

humerus bone. When load of 67.5 N is applied, the maximum stress of 61.529 MPa and minimum stress of 

2.03e-002 MPa are developed in humerus bone. During the analysis with 87.5 N loading, the maximum 

stress of 79.76 MPa and minimum stress of 2.6315e-002 MPa are developed in humerus bone. 

Strain analysis of humerus bone withimplant: The loads are applied on humerus bone during the strain 

analysis. The maximum strain of 3.1293e-003 is observed in humerus bone  and the minimum strain of 

6.8986e-007 is observed in implant when apply of 47.5 N load. During the load of 67.5 N, the maximum 



 
 

 

strain  of 4.4469e-003 is observed in humerus bone and minimum strain of 9.8032e-007 is observed in 

implant. When load of 87.5 N is applied, the maximum strain of 5.7645e-003 is observed in humerus bone 

and minimum strain of 1.2708e-006 is observed inimplant. 

Deformation analysis of humerus bone withimplant :The loads are applied on model, the maximum 

deformation is observed at implant. During the load of 47.5 N, the maximum deformation of 2.0429 mm is 

observed, 2.903 mm deformation is observed for 67.5 N loads and the deformation of 3.7632 mm is 

observed for 87.5 Nloads. 

Comparison of analysisresults: The structural analysis is performed on humerus bone and humerus bone 

with implant. The observed results are varying with respect to load on both models. For the different loads 

applied, the humerus bone and bone with implant did exhibit similar mechanical behavior. 

Stressanalysis: Stress analysis results are observed and compared. The stress is more in humerus bone with 

implant compared to humerus bone model. The stress value is increasing when load increases. The stress 

increasing rate is more in humerus bone with implant. 

Strainanalysis: The strain is more developing in humerus bone with implant compared to humerus bone. 

The strain values are increasing gradually when increasing theload. The stress and strains are higher in 

reshaped humerus bone with implant as compared with humerus bone. The reason for increased stress and 

strain values in bone with implant model is due to the dissimilarities in the densities of natural bone and the 

implant. Due to this higher density, the implant induces greater stress and strain in natural bone at contact 

region which has resulted in higher stress and strain values. 

Deformationanalysis: The deformation is less in humerus bone with implant compared to humerus bone. 

Maximum deformation is developed at proximal region of humerus bone 

 
10. Conclusions: 
Resurfacing arthroplasty is a boon to many patients with osteonecrosis decease and may help to save the 

human shoulder joint. Every human humerus has different anatomical structure. Hence, it is necessary to 

develop the patient specific implants based on proximal humerus bone. In order to perform this kind of 

surgery, orthopedic surgeons need bone models for proper and accurate analysis of the bone and fixing of 

implants. Hence, in this project, a humerus bone and a patient specific implant are modeled, analyzed and 

3D printed. 

Based on the work carried out, the following conclusions are drawn: 

• Anatomical properties of humerus bone of human and the problems at proximal humerus bone which 
arises due to various reasons werestudied. 

• Point cloud data of human humerus bone was acquired through 3D scanning technology which was 
later used for modelling of humerusbone. 

• Implant is modelled in CATIA software using the morphometric measurements of the humerusbone. 
• Staticstructuralanalysisisperformedwith47.5N,67.5Nand 87.5 N loads on 3D solid model of humerus 

bone and reshaped humerus bone with implant and following point are inferred: 
• For the different loads applied, the humerus bone and bone with implant did exhibit similar 



 
 

 

mechanicalbehaviour. 
• The stress and strains are higher in reshaped humerus bone with implant as compared with 

humerus bone. The reason for increased stress and strain values in bone with implant model is due 
to the dissimilarities in the densities of natural bone and the implant. Due to this higher density, 
the implant induces greater stress and strain in natural bone at contact region which has resulted in 
higher stress and strainvalues. 

• 80% scaled down models of reshaped humerus bone and implant is printed in Makerbot 3D printer. 
Reduction in size is due to the constraints in build specifications of the Makerbot 3Dprinter. 

The analysis results and 3D printed models are helpful to orthopedic surgeons to understand the anatomical 

structure of humerus bone and implant fixation to proximal region of the humerus bone. The methodology 

developed can be applied to design, development and 3D printing of any bone models and implants. 

Future scope: Since the implant is modeled for Ti-6Al-4V, the mass is expected to be much higher than 

that of the human hard tissue and this may cause discomfort to the patients. The future scope of the project 

can be to optimize the mass of the implant such that it can be used without furthercomplication. 

 
11. References: 
1. S. Lokanadham, N. Khaleel, P. Arun Raj, Morphometric Analysis of Humerus Bone in Indian 

Population, Scholars Journal of Applied Medical Sciences, Vol. 1, 2013, pp.288-290. 
2. Somesh M. S., Latha V. Prabhu, Shilpa K., Mangala M. Pai, Ashwin Krishnamurthy, B. V. 

Murlimanju, Morphometric Study of the Humerus Segments in Indian Population, International Journal 
of Morphology, Vol. 29, 2011, pp.1174-1180. 

3. Branislav Sobota, Maros Rovnak, Csaba Szabo, 3D Scanner Data Processing, Journal of Information, 
Control and Management Systems, Vol. 7, 2009, pp.173-180. 

4. O. Etxaniz, E. Solaberrieta, R. Minguez, J. Muniozguren, A. Arias, Digital Modeling of a Human 
Skull, Journal of Achievements in Materials and Manufacturing Engineering, Vol. 27, 2008, pp. 55- 58. 

5. Dragos Popa, George Gherghina, Marin Tudor, Daniela Tarnita, A 3D Graphical Modeling Method for 
Human Femur Bone, Journal of Industrial Design and Engineering Graphics, Vol. 1, 2006, pp. 37- 40. 

6. Antoanela Naaji, Methods of Designing 3D Models in Biomechanics Transactions on Automatic 
Control and Computer Science, Vol. 49, 2004. 

7. D. Chandramohan, Dr. K. Marimuthu, Humerus Bone  Development Through CT/CAD/RPT, 
International Journal of Engineering Research and Applications, Vol. 1, pp.1256-1261. 

8. Rahul Manohar Sherekar, Anand Pawar, Paresh Bheda, Manufacturing & Biomechanical Analysis of a 
Human Shoulder Joint: A Methodology Review, American Journal of Mechanical Engineering and 
Automation, Vol. 1, 2014, pp.42-47. 

9. Kirk L. Jensen, Humeral Resurfacing Arthroplasty: Rationale, Indications, Technique and Results, The 
American Journal of Orthopedics, Vol. 36, 2007, pp.4-8. 

10. F. Schmidutz, Y. Agarwal, P. E. Müller, B. Gueorguiev, R. G. Richards, C. M. Sprecher, Stress-
Shielding Induced Bone Remodeling in Cementless Shoulder Resurfacing Arthroplasty: A Finite 
Element Analysis and in Vivo Results, Journal of Biomechanics, Vol. 47, 2014, pp.3509–3516. 

11. Muhammad Shahzad Masood, Atique Ahmad, Rizwan Alim Mufti, Unconventional Modeling and 
Stress Analysis of Femur Bone Under Different Boundary Condition, International Journal of Scientific 
& Engineering Research, Vol. 4, 2013, pp.293-296. 

12. Raji Nareliya, Veerendra Kumar, Finite Element Application to Femur Bone: A Review, Journal of 
Biomedical and Bioengineering, Vol. 3, 2012, pp.57-62. 

13. Yegireddi Shireesha, Dr. S. V. Ramana, P. Govinda Rao, Modeling and Static Analysis of Femur Bone 
by Using Different Implant Materials, IOSR Journal of Mechanical and Civil Engineering, Vol. 7, 
2013, pp.82-91. 

14. W. Sun, B. Starly, J. Nam, A. Darling, Bio-CAD Modeling and its Applications in Computer-Aided 
Tissue Engineering, Computer- Aided Design, Vol. 37, 2005, pp.1097–1114. 



 
 

 

15. Nishant Kumar Singh, Richa Braru, Sanjay Kumar Rai, Development and Validation of Robust 3D -
Solid Model of Human Femur Using CT Data, International Journal of Advances in Science 
Engineering and Technology, Vol. 2, 2014, pp.44-48. 

16. Jelena Milovanovic, Miroslav Trajanovic, Medical Applications of Rapid Prototyping, Mechanical 
Engineering, Vol. 5, 2007, pp. 79- 85. 

17. Jason J. Scalise, Anthony Miniaci, Joseph P. Iannotti, Resurfacing Arthroplasty of the Humerus: 
Indications, Surgical Technique and Clinical Results, Techniques in Shoulder and Elbow Surgery, Vol. 
8, 2007, pp.152–160. 

18. A. A. Zadpoor, Finite Element Method Analysis of Human Hand  Arm Vibration, International Journal 
of Science and Research, Vol. 16, 2006, pp.391-395. 

19. Alexandre Terrier, Silvio Ramondetti, Francesco Merlini,Dominique D. Pioletti, Alian Farron, 
Biomechanical Consequences of Humeral Component Malpositioning After  Anatomical Total 
Shoulder Arthroplasty, Journal of Shoulder and Elbow Surgery, Vol. 19, 2010, pp. 1184-1190. 

20. Neelesh Sharma, Brijesh Yadav, Free Vibration Analysis of Humerus Bone Fracture with Varying 
Boundary Condition Based on FEA, International Journal of Advanced Technology & Engineering 
Research, 2014, pp.201-205. 

21. P. Hebert, A Self Referenced Hand Held Range Sensor, Proceedings of the IEEE International 
Conference on Recent Advantages in 3-D Digital Imaging and Modelling, 2001, pp.5-12. 

22. Marko Veselinovic, Nikola Vitkovic, Dalibor Stevanovic, Miroslav Trajanovic, Stojanka Arsic, Jelena 
Milovanovic, Milos Stojkovic, Study on Creating Human Tibia Geometrical Models, Proceedings  of 
the 3rd International Conference on E-Health and  Bioengineering, 2011, pp.195-198. 

23. Abdul H. Abdullah, Mohd N. Mohd Asri, Mohd S. Alias, Tardan Giha, Finite Element Analysis of 
Cemented Hip Arthroplasty: Influence of Stem Tapers, Proceedings of the International Multi 
Conference of Engineering and Computer Scientists, Vol. 3,2010. 

24. http://www.catiadesign.org/_doc/V5R14/catpdfdseug_c2/dseug.pdf, Digitized Shape Editor 
User'sGuide. 

25. https://www.shoulderdoc.co.uk/globalcapresurfacinghumeralheadimplant.pdf, Resurfacing 
SurgicalTechnique. 

26. http://www.orthopaedicclinic.com.sg/Shoulder/A-Patients-guide-to-osteonecrosis-of-the-humeral-head, 
Osteonecrosis of the HumeralHead. 

27. http://teachmeanatomy.info/Upper-limb/bones/the-Humerus 
28. www.3dscanco.com/about/3D-scanning 

 
 
 
 
8. Contributors: 

 

S. Rajashekhar, bearing roll number 13071D0413 has completed 
M.Tech. (CAD/CAM) successfully. He is sincere and dedicated person in 
our team. His research interests are additive manufacturing and wishes to 
pursue Ph.D.  

http://www.catiadesign.org/_doc/V5R14/catpdfdseug_c2/dseug.p�
http://www.shoulderdoc.co.uk/globalcapresurfacinghumeralhead�
http://www.orthopaedicclinic.com.sg/Shoulder/A-Patients-guide-�
http://teachmeanatomy.info/Upper-limb/bones/the-Humerus�
http://www.3dscanco.com/about/3D-scanning�


 
 

 

 Sri Y. Shivraj Narayan, Associate Professor in Department of 
Mechanical Engineering. His areas of interest for research are additive 
manufacturing, micromachining and robotics. He has published 40 papers 
in National & International Papers Conferences & Journals. 

 

 

 

 

Dept. of ECE 

PROJECT ARCADE 

(B.Tech) 

2015-16 
  



 
 

 

 

 

 

B.Tech  BestProject of year 2015-16 

  S.No Title of the Project Name of the Guide & 
Designation 

1 Real-Time Arrhythmia Classification Dr.Y.Padma Sai 
Professor & Head 

2 Home Automation System For Paralyzed 
People using Eye Blink Detection 

Dr.L.PadmaSree 
Professor 

3 Street light monitoring using  
Image Processing 
 

V.KrishnaSree 
Assoc.Professor 

4 Air Writing Pen and Character Recognition 
Using DTW Algorithm 
 

S.V.N.Narayana Rao 
Assoc.Professor 

5 Implementation of Model Radar For Target 
Distance Identification 

K.B.Archana 
Sr.Asst.Professor 

6 Wireless Home Automation System Based 
on Eye Blink Detection 

K.S.Shilpa 
Asst.Professor 

7 Design And Development of Portable 
Multi    Parameter Measuring and 
Monitoring System 

V.Naveen Kumar 
Asst.Professor 

8 Patient Assistance and Lift Monitoring V.PriyankaBrahmaiah 
Asst.Professor 

9 EEG Based Driver Attention Monitoring 
System 
 

K.Sarath Chandra 
Asst.Professor 



 
 

 

 

REAL-TIME ARRHYTHMIA CLASSIFICATION 
 

HIMAJA   MANOJ   MANI KISHORE  MAYAN 
12071A0402             12071A0421                      12071A0432                     13075A0412 

 
Under the Guidance of 

Dr. Y.PADMASAI 
Professor & Head, Dept. of ECE 

 
ABSTRACT 
India is one of the many countries facing severe heart attacks. Considering the large number of critical 

patients and the limitations of humans to observe the fine details in ECG waveform, automated arrhythmia 

monitoring system is being developed to assist cardiologists in detecting the signs of arrhythmia at early 

stages, which can save patient’s lives. 

The main objective is to develop an automated system for arrhythmia classification. Cardiac arrhythmia is a 

group of conditions in which the heartbeat is irregular, too fast, or too slow. It is an irregular rhythm. 

Arrhythmias are due to problems with the electrical conduction system of the heart. An electrocardiogram 

(ECG) is a record of the electrical activity of the heart over a period of time. The electrical signal that 

stimulates the heart beat starts from the Sino Atrial node (SA) located at the top of the right chamber of the 

heart. 

ECG waveform provides the valuable information for detection of abnormal heart diseases. For accurate 

analysis, ECG signal must be processed to remove the noise signal. Also, various features of ECG must be 

extracted for diagnosis of cardiac disorders. 

The project mainly includes three stages: 1. Preprocessing 2. Feature Extraction 3.Arrhythmia 

Classification. 

In the Preprocessing stage noise from the raw ECG signal is removed and in the feature extraction stage we 

extract diagnostic information from the ECG signal such as the RR intervals.We implement the algorithms 

for denoising and feature extraction and by implementing certain algorithms we classify various arrhythmias 

based on the RR intervals. 

The ECG signal is obtained from the MIT-BIH arrhythmia database and then it is tested for the arrhythmia 

present. The ECG signal can also be obtained in real-time by using the ECG sensors. Using DAQ, the signal 

is converted into digital values and is given as input to the NI myRIO. The arrhythmia detected will be 

indicated by the LEDs on the NI myRIO and the output is shown on the monitor. 

INTRODUCTION TO HUMAN HEART 



 
 

 

The heart is a muscular organ in humans which pumps blood through the blood vessels of the circulatory 

system. Blood provides the body with oxygen and nutrients, and also assists in the removal of metabolic 

wastes. The heart is located in the middle compartment of the mediastinum in the chest. In humans, the heart 

is divided into four chambers: upper left and right atria; and lower left and right ventricles. Commonly the 

right atrium and ventricle are referred together as the right heart and their left counterparts as the left 

heart. In a healthy heart blood flows one way through the heart due to heart valves, which prevent backflow. 

The valves ensure unidirectional blood flow through the heart. 

 
 Figure 3: Internal Structure of the Heart  

Blood vessels which carry blood to and from the heart are called arteries and veins.  Veins transport blood to 

the heart and carry deoxygenated blood - except for the pulmonary and portal veins. Arteries transport blood 

away from the heart, and apart from the pulmonary artery hold oxygenated blood. 
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ECG-ELECTROCARDIOGRAM 

An electrocardiogram (ECG) is a record of the electrical activity of the heart over a period of time. The 

electrical signal that stimulates the heart beat starts from the Sino Atrial node (SA) is located at the top of 

the right chamber or Atrium (RA). This signal branches through atria, causing them to contract and pump 

blood to the lower chambers, the ventricles, where the signal continues via the Atrioventricular node (AV). 

If the pacemaker is disrupted, the heart may beat at an abnormal rate, impacting the circulation of blood 

throughout the body. 

The electrical signals described above are measured by the electrocardiogram or ECG where each heart beat 

is displayed as a series of electrical waves characterized by peaks and valleys. An ECG gives two major 

kinds of information. First, by measuring time intervals on the ECG, the duration of the electrical wave 

crossing the heart can be determined and consequently we can determine whether the electrical activity is 

normal or slow, fast or irregular. Second, by measuring the amount of electrical activity passing through the 

heart muscle, a pediatric cardiologist may be able to find out if parts of the heart are too large or are 

overworked. The frequency range of an ECG signal is [0.05-100] Hz and its dynamic range is [1-10] mV. 

Every cardiac cycle produces ECG waves designated as P, Q, R, S and T. These waves are not action 

potentials. They represent potentials between rested and depolarized or depolarized and repolarized parts of 

whole heart. 

 

Figure 2:ECG Wave Representation 
CARDIAC ARRHYTHMIA 
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Cardiac arrhythmia, also known as cardiac dysrhythmia or irregular heartbeat, is a group of conditions in 

which the heartbeat is irregular, too fast, or too slow. It is an irregular rhythm. It may feel like fluttering or a 

brief pause.  Arrhythmias are due to problems with the electrical conduction system of the heart. 

Various Types of Arrhythmia 

There are four main types of arrhythmia: extra beats, supraventricular tachycardia, Brady arrhythmias and 

ventricular arrhythmias. Extra beats include premature atrial contractions and premature ventricular contractions. 

Ventricular arrhythmias include ventricular fibrillation and ventricular tachycardia. The two basic kinds of 

arrhythmias are Bradycardia and Tachycardia. Bradycardia is when the heart rate is too slow — less than 60 

beats per minute. Tachycardia is when the heart rate is too fast-more than 100 beats per minute. 

 
 
 
1. Sinus bradycardia is a sinus rhythm with a rate that is lower than normal. In humans, bradycardia is 

generally defined to be a rate under 60 beats per minute. 

 

Figure 4: ECG waveform for Bradycardia 

2. Sinus tachycardia is a sinus rhythm with an elevated rate of impulses, defined as a rate greater than 100 

beats/min (bpm) in an average adult. 

 
 

 

Figure 3:ECG waveform for Normal Heartbeat 

Figure 5: ECG waveform for Tachycardia 
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3. Ventricular fibrillation is a condition in which there is uncoordinated contraction of the cardiac 

muscle of the ventricles in the heart, making them quiver rather than contract properly. Ventricular 

fibrillation is the most commonly identified arrhythmia in cardiac arrest patients. 

 
 
 

4. Premature ventricular contractions (PVC): Also known as a premature ventricular 

complex, ventricular premature contraction (or complex or complexes) (VPC), ventricular premature 

beat (VPB), or ventricular extra systole (VES), is a relatively common event where the heartbeat is 

initiated by Purkinje fibers in the ventricles rather than by the sinoatrial node, the normal heartbeat initiator. 

The electrical events of the heart detected by the electrocardiogram (ECG) allow PVC to be easily 

distinguished from a normal heart beat.  

 
 

NOISE IN ECG SIGNALS 
 Generally the recorded ECG signal is often contaminated by different types of noises and artifacts  

that  can  be  within  the  frequency  band  of  ECG  signal,  which  may  change  the characteristics of ECG 

signal. Hence it is difficult to extract useful information of the signal. The corruption of ECG signal is due 

to the following major noises: 

1. Power line interferences 

2. Electrode contact noise 

3. Baseline drift 

4. Motion artifacts 

5. EMG from the chest wall 

6. Instrumentation noise 

Figure 6:ECG waveform for Ventricular fibrillation 

Figure 7: ECG waveform for Premature Ventricular Contractions (PVC) 
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Among these noises, the power line interference and the baseline wandering are the most significant and 

can strongly affect ECG signal analysis. Except for these two noises, other noises may be wideband and 

usually a complex stochastic process which also distort the ECG signal. The power line interference is 

narrow-band noise centered at 60 Hz (or 50 Hz) with a bandwidth of less than 1 Hz. Usually the ECG 

signal acquisition hardware can remove the power line interference. However the baseline wandering and 

other wideband noises are not easy to be suppressed by hardware equipment. Instead, the software scheme 

is more powerful and feasible for offline ECG signal processing. 

INTRODUCTION TO LABVIEW 2014 
LabVIEW (short for Laboratory Virtual Instrument Engineering Workbench) is a system-design platform 

and development environment for a visual programming language from National Instruments. LabVIEW is 

commonly used for data acquisition, instrument control, and industrial automation on a variety of platforms 

including Microsoft Windows, various versions of UNIX, Linux, and Mac OS X.  

LabVIEW 2014 is the ultimate system design software environment that is unlike traditional text-based 

programming tools to connect to real-world signals. LabVIEW 2013 accelerates the system development 

through intuitive graphical programming and unrivaled hardware integration while supporting the growing 

application complexity with learning resources available on demand. 

Benefits of LabVIEW 

i. Interfaces to devices-LabVIEW include extensive support for interfacing to devices, instruments, 

cameras, and other devices. 

ii. Code compilation-In terms of performance, LabVIEW includes a compiler that produces native code 

for the CPU platform. The graphical code is translated into executable machine code by interpreting 

the syntax and by compilation 

iii. Large library-Many libraries with a large number of functions for data acquisition, signal generation, 

mathematics, statistics, signal conditioning, analysis, etc., along with numerous graphical interface 

elements are provided in several LabVIEW package options. 

iv. Parallel programming-LabVIEW is an inherently concurrent language, so it is very easy to program 

multiple tasks that are performed in parallel by means of multithreading.  

v. Ecosystem-Due to the longevity and popularity of the LabVIEW language, and the ability for users 

to extend the functionality, a large ecosystem of third party add-ons has developed through 

contributions from the community.  
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vi. User community-There is a low-cost LabVIEW Student Edition aimed at educational institutions for 

learning purposes. There is also an active community of LabVIEW users who communicate through 

several e-mail groups and Internet forums. 

SOFTWARE IMPLEMENTATION 

1. ECG SIGNAL EXTRACTION: The ECG signals are collected from the person using the 

electrodes and are given to DAQ which converts them into digital format. The ECG recordings can 

also be obtained from from the MIT-BIH database and these are converted in to .tdms format using 

the LabVIEW Bio-Medical Workbench. The converted signals are then imported into LabVIEW for 

further processing. 

2. PRE-PROCESSING: This is the first important stage in the project. It consists of two stages: 

Denoising of the ECG signal and Removal of Baseline wandering. 

i. Denoising: The ECG signals obtained may be contaminated with any kind of noise as 

discussed above. In order to extract useful information from the noisy ECG signal, we need 

to processes the raw ECG signal. Removal of noise is crucial so that the noise doesn’t 

interfere with the actual processing of the ECG signal. 

ii. Removal of Baseline Wandering: It may be due to respiration or the motion of the patients or 

the instruments while recording the ECG. In signal processing terms, DC offset can be 

reduced in real-time by a high-pass filter. When one already has the entire waveform, 

subtracting the mean amplitude from each sample will remove the offset. Often, very low 

frequencies are called "slowly changing DC" or "baseline wander". Wavelet transform is 

used to remove the baseline wandering by eliminating the trend of the ECG signal. 

3. ECG FEATURE EXTRACTION: The pre-processed ECG signal is further processed. In this 

stage, the R peaks of the ECG signal sample are detected, counted and their intervals are determined.  

i. Two basic types of Arrhythmias can be classified using the number of R peaks: Bradycardia 

and Tachycardia.  

ii. While another 3types of arrhythmia are be classified using the RR interval duration. They are 

Ventricular fibrillation, Premature Ventricular Contractions (PVC), 2° Heart Block. This 

comes under the stage arrhythmic episode detection and classification. 

It is assumed that the rhythm is normal unless an episode belonging to one of the above arrhythmia 

types is detected. All episodes start with a specified type of classified beat (PVC for Premature 

Ventricular Contractions and tachycardia, VF for ventricular fibrillation and BII for 2 °heart block) 

and end with any type of classified beat  

4. CLASSIFICATION OF ARRHYTHMIA: 
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a. Based on BPM: BPM is the beats per minute in the given ecg sample. The number of R 

peaks in the ECG signal gives the number of beats per minute. The beats can be between 60-

100 for a normal and healthy heart and below 60 or above 100 for an abnormality. Based on 

this two types of arrhythmias have been classified. They are Bradycardia and Tachycardia. If 

number of beats is less than 60 it is Bradycardia and if the number is more than 100 it is 

Tachycardia.  

b. Based on RR interval: Classification of the above mentioned arrhythmias based on the RR 

interval is implemented in this stage. The classification in this thesis involves Ventricular 

Fibrillation, Premature Ventricular Contractions (PVC), 2° Heart Block. 

  



 
 

 

HARDWARE IMPLEMENTATION 
The project thesis consists of NI myRIO, an embedded hardware device; EKG BTA, the EKG sensor; NI 

USB-6211, the DAQ (Data Acquisition system) and power supply. 

The block diagram of the thesis is as shown in the Figure 8 which includes hardware kit along with ECG 

sensor. 

 

Figure 8: Block diagram representing the thesis 

EKG –BTA Vernier Sensor 

The Vernier EKG (Electrocardiogram or ECG) Sensor measures cardiac electrical potential waveforms 

(voltages produced during the contraction of the heart).The ECG sensor utilizes three electrodes, which are 

attached to the surface of the skin. There is an internal offset of 1 V within the sensor with an accuracy of 

+/- 0.3 V. The gain of the ECG sensor is set to amplify a 1 mV measured potential to a 1 V output. 

 

Figure 9: EKG-BTA Sensor and Electrodes 

Working of the EKG Sensor 
Heart muscle cells are polarized at rest. This means the cells have slightly unequal concentrations of ions 

across their cell membranes. An excess of positive sodium ions on the outside of the membrane causes the 

outside of the membrane to have a positive charge relative to the inside of the membrane. The inside of the 

cell is at a potential of about90 millivolts (mV) less than the outside of the cell membrane. The 90 mV 



 
 

 

difference is called the resting potential. The sum action potential generated during the depolarization and 

repolarization of the cardiac muscle can be recorded by electrodes at the surface of the skin. 

 

Figure 10: Placement of electrodes 

NI USB-6211- The DAQ 
Data acquisition systems, abbreviated by the acronyms DAS or DAQ, typically convert analog waveforms 

into digital values for processing.The NI USB-6211 is a bus-poweredM Series multifunction data 

acquisition (DAQ)module for USB that is optimized for superior accuracy at fast sampling rates. 

 

Figure 11: NI USB-6211 

NI myRIO 

The National Instruments myRIO-1900 is a portable reconfigurable I/O (RIO) device that students can use 

to design control, robotics, and mechatronics systems. The NI myRIO embedded student design device was 

created to “do real-world engineering”. It features a 667 MHz dual-core ARM Cortex-A9 programmable 



 
 

 

processor and a customizable Xilinx field-programmable gate array (FPGA) that can be used to start 

developing systems and solve complicated design problems faster—all in a sleek and simple enclosure with 

a compact form factor. The NI myRIO device features the Zynq-7010. All programmable system on a chip 

(SoC) to unleash the power of NI LabVIEW system design software both in a real-time (RT) application 

and on the FPGA level. Rather than spending copious amounts of time debugging code syntax or 

developing user interfaces, we can use the LabVIEW graphical programming paradigm to focus on 

constructing their systems and solving their design problems without the added pressure of a burdensome 

tool. 

 

Figure 12:NImyRIO 
Chapter 2 RESULTS AND ANALYSIS 
An efficient method for arrhythmia detection has been developed based on heart rate. Denoising of ECG 

signal is performed.  After denoising, R Peak detection, the most relevant feature of an ECG waveform 

isdone using Threshold methodology. Once R peak is detected, RR interval is calculated to estimate the 

heart rate for arrhythmia detection.  

The expected output is displayed in two ways; a. displaying it on the monitor and b. using the LEDs on NI 

myRIO.Figure 13 shows the three different cases of heart-beat irregularities. 



 
 

 

 

Figure 13: Arrhythmia classification based on number of beats 

The method is limited to detecting types of arrhythmic episodes that are related to the information carried by 

the RR-interval signal. Thus, arrhythmias such as atrial flutter and atrial fibrillation cannot be detected. 

Three types of arrhythmic beats have been classified (not including normal). All other types of beats or 

episodes are classified as normal. This category can be used to detect and classify other types of arrhythmic 

beats or episodes using the ECG recording and its features.Figure 14 shows the entire output of the thesis. 

 

Figure 4: Arrhythmia Classification based on RR interval 

The arrhythmia detected is also indicated by the LEDs on the myRIO. The user-defined LEDs on the 

myRIO are programmed such that each LED corresponds to a particular arrhythmia.The LED glows 

corresponding to the detected arrhythmia upon running the code in myRIO. The LED corresponding to PVC 

glows when the number of PVC beats detected is more than 20% of the total beats. The same is the case 

with Ventricular Flutter (VF). However, the LED corresponding to 2° Heart-block glows even if one such 

beat is detected, owing to the seriousness of the arrhythmia. 

Figure 15 shows the four different LEDs configured for the four different cases. 



 
 

 

 

Figure 5: LEDs indicating the arrhythmia detected 

ECG samples were collected in real-time from various persons of different age groups using the ECG 

sensors. These ECG signals were processed and analyzed and the results obtained are tabulated as shown in 

the following table. The subjects considered were the persons of different ages ranging from 19-90 years. 

There are both male and female subjects of different heights. The physical details of the subjects are 

presented under the column “Details”, comprising of the age, sex and height of individual. 

S.No PVC VF 2°HB NORMAL TOTAL DETAILS 

(Age, Sex, Height) 

1 3 - - 76 79 20, M,  5’ 6” 

2 - - - 82 82 21, M, 5’8” 

3 18 11 - 66 95 21, F, 5’2” 

4 1 - - 80 81 19, F, 5’ 

5 24 10 - 85 119 20, F, 5’4” 

6 4 - - 85 89 20, F, 5’5” 

7 - - - 107 107 22, M, 5’6” 

8 3 - - 72 75 21, M, 5’5” 

9 2 - - 76 78 21, M, 5’7” 

10 - - - 84 84 21, M, 5’11” 

11 - - - 81 81 21, M, 5’6” 

12 - - - 82 82 40, F, 5’5” 



 
 

 

CONCLUSION 
An efficient method for arrhythmia beat classification has been developed. The method is based on the RR-
interval signal extracted from ECG recordings of various persons. A set of rules is used for beat 
classification in four beat categories, which are based on medical knowledge and observations upon RR-
intervals of arrhythmic episodes. The evaluation of the method was performed on the real-time ECG signals 
with a high accuracy in beat classification. Even though the focus is on the ventricular arrhythmias (due to 
the fact that the RR-interval monitors the ventricular activity), an alternative approach would be to 
recognize cardiac rhythms like premature ventricular contraction, 2°Heart Block, Ventricular 
flutter/fibrillation and normal rhythms (includes all other unclassified diseases). Since the method performs 
in real time and is not affected by noise and alterations in arrhythmic episodes, it can be proven very useful 
in clinical practice. 
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13 25 6 - 53 84 55, F, 5’2” 

14 53 5 - 42 100 69, M, 5’10” 

15 30 3 3 44 77 89, M, 5’9” 

16 5 1 - 71 77 76, M, 5’10” 

17 26 4 - 52 78 73, F, 5’3” 

18 49 11 - 52 112 62, F, 5’1” 

19 22 4 - 52 78 84, M, 5’7” 

20 55 1 - 57 113 58, F, 5’ 2” 

Table:  Results of collected ECG samples 



 
 

 

 
Contributors 

Dr.Y. PadmaSai obtained her B.Tech. Degree from Nagarjuna University, Guntur 
and M.E in Systems and Signal Processing from Osmania University, 
Hyderabad.Obtained PhD in Electronics and Communication Engineering, from 
Osmania University, Hyderabad.  Her areas of research interest are Bio-Medical, 
Signal and Image Processing 

 

Ms. L.V. RajaniKumariis an assistant professor in the department of  Electronics 
and communication engineering. She did her MTech in Embedded Systems. Her 
research areas are biomedical signal processing and embedded systems. 

 
 
 

HIMAJA 12071A0402 completed her B. TECH in 2016 from VNR VJIET 
 

 

  
MANOJ KUMAR 12071A0421completed his B. TECH in 2016 from VNR VJIET 

 
 
 
 
 

MANI KISHORE12071A0432completed his B. TECH in 2016 from VNRVJIET 
 

 

  

 

 

 

 

 



 
 

 

 

HOME AUTOMATION SYSTEM FOR PARALYZED PEOPLE USING 
EYE BLINK DETECTION 

 B.GIRISH  G.KAVYA  L.V.L PADMAKUMARI         K.MOUNIKA 
  12071A0404    12071A0416              12071A0427           13075A0405 

 
Under the Guidance of 

Dr. L. PADMA SREE 
       Professor, Dept. of ECE 

 
ABSTRACT 
. 

Paralysis is a complete loss of muscle function in any part of the body. It occurs when there is a 

problem with the passage of messages between the muscles and the brain. Some paralyzed patients with 

total paralysis or "locked-in" syndrome, cannot move even a single part of the body other than their eyes. 

Image processing techniques have been implemented in order to detect the number of eye blinks. The 

system mainly utilizes 3 techniques. The system first detects the eye pair using ROI(Range Of Interest) 

method. The distance between corresponding eyes is calculated using Centroid Analysis technique. As soon 

as we detect an eye, an operation has to be performed for blink detection. Template Matching technique is 

implemented to compare the two images  

The project aims at developing a real-time eye blink detection system to assist the paralyzed patients. 

The web camera in the system is used to detect the eye pair of the patient’s face. When the required number 

of eye blinks are obtained, the operation can be performed by switching ON/OFF the home 

appliance.Hence, the main aim of this project is to develop an interactive system that can assist the 

paralyzed patients to operate the home appliance through a predefined number of eye blinks. 

INTRODUCTION 

Most of the diseases are increasing in modern life. In India, the percentage of people with paralysis is 

very high. A recent study conducted by the medical experts found that the number of Indian patients 

suffering from paralysis is drastically increasing. The disease usually affects people in the age group of 50-

70 years.  

Eye tracking is a scientific tool. Eye tracking has been used for close to a century as a tool for neuro 

scientific and psychological studies. Eye movements can be related to cognitive processing with a model. 

Eye tracking measures where a person is looking. Eye tracking can be used as a scientific technique and in 

many applications for Human Computer Interaction (HCI). This proposes a new eye blink detection system 



 
 

 

for detecting eye blinks accurately without any restriction on the background. No manual initialization is 

required in this system. It automatically classifies the eye as either open or close. It is very easy to configure 

and use. It is totally non-intrusive and it only requires one low cost web camera and computer. 

Home automation is the use and control of  home appliances remotely or automatically. Early home 

automation began with labor-saving machines like washing machines. Some home automation appliances 

are stand alone and do not communicate, such as a programmable light switch, while others are part of 

the internet of things and are networked for remote control and data transfer. Hardware devices can include 

sensors (like cameras and thermometers), controllers, actuators (to do things), and communication systems. 

Home automation systems are available which consist of a suite of products designed to work together. 

These typically connected through Wi-Fi, RF, Zigbee or power line communication to a hub which is then 

accessed with a software application. Home automation is the domestic application of building automation. 

HOME AUTOMATION SYSTEM USING EYE BLINK DETECTION 

Vision-based eye blink monitoring systems have many possible applications like fatigue monitoring, 

human computer interfacing and home automation for paralysis patients. The purpose of the developed 

algorithm must be reliable, stable and work in real time in varying lighting conditions. The proposed vision 

based system for voluntary eye blink detection is built from a PC with a webcam. Face images of small 

resolution (320 x 240 pixels) are processed with the speed of approximately 30 frames per second. 

The system mainly consists of five major steps. They are: 

• Image Acquisition 

• Face detection 

• Eye region extraction  

• Eye blink detection  

• Eye blink count. 

BLOCK DIAGRAM 

 



 
 

 

 

Block diagram for home automationsystem using eye blink detection. 

 

As soon as the image is captured by the web camera, face detection technique is performed using 

Viola-Jones face detection algorithm. Eye region is extracted from the face portion using Region of Interest 

(ROI) method  and the eye blink detection algorithms such as centroid analysis and template matching 

techniques are implemented to count the number of eye blinks. The obtained blink count is processed to the 

transmitter module through BeagleBone Black processor. Finally, the blink count signal will be received at 

the receiver module through a wireless protocol. Hence, the blink count obtained at the receiver module will 

be able to control the home appliances for the paralyzed people. 
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Flow chart for home automation system using eye blink detection. 

 

 

 

INTRODUCTION TO BEAGLEBONE BLACK 

The BeagleBone Black is the newest member of the BeagleBoard family. It is a lower-cost, high-expansion 

focused BeagleBoard using a low cost  AM335x 1GHz ARM® Cortex-A8 processor from Texas Instruments.  
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Processor: AM335x 1GHz ARM® Cortex-A8 

 512MB DDR3 RAM. 

 4GB 8-bit eMMC on-board flash storage. 

 3D graphics accelerator. 

 NEON floating-point accelerator. 

 2x PRU 32-bit microcontrollers. 

Connectivity 

 USB client for power & communications 

 USB host 

 Ethernet 

 HDMI 

 2x 46 pin headers 

Software Compatibility 

 Debian 

 Android 

 Ubuntu 

 Cloud9 IDE  

 

 

 

 

 

BEAGLEBONE BLACK PROCESSOR 
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HOME APPLIANCE CONTROL 

Human-computer interface technology allows users who are impaired or paralyzed to communicate 

with the external environment such as controlling home appliance which includes switching on/off fan, 

lights, television, changing television channels, etc. The disabled individuals can therefore convey their 

intentions or operations to theseinterfaces.To operate home lighting systems manually using switches may 

be difficult to be performed by some paralyzed people. Even though using a remote control may also be a 

difficult task. It is also believed that eye blink is one of the mechanisms to help disable people in their 

everyday routines.Home appliance control can be done using wireless technology. Radio Frequency (RF) 

can be used to transmit and receive the data. 

BLOCK DIAGRAM OF RF TECHNOLOGY 

 

 

RESULTS 



 
 

 

 

Executed program showing the blink count 

 

TURNING ON THE LOAD 

The load connected to the receiver will be turned on as soon as the patient blinks his eye for two times. 

 

Executed program showing the blink count and LED turning ON. 

 

 

 



 
 

 

 

Bulb getting turned ON. 

 

TURNING OFF THE LOAD 

The load connected to the receiver will be turned off as soon as the patient blinks his eyes for more than two 

times. 

 

Executed program showing the blink count and LED turning off. 

 

 

 



 
 

 

 

Bulb getting turned OFF. 

 

CONCLUSION 

The results of the Home automation using eye blink detection system shows the accurate working of 

the home appliance through the voluntary eye blinks with the ~99% accuracy. Performed tests demonstrate 

that the developed eye blink controlled Human-Computer Interface is a useful tool for the communication 

with the machine. The program code is developed in  such a way that the load gets turned on when the 

patient blinks his eye for two times and the load gets turned off when the patient blinks his eye for more 

than two times, i.e., when the blink count is greater than or equal to three.  
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Abstract 
Street lighting system is one of the foremost facilities used in the cities. It plays a pivotal role in 

reducing night time car accidents and enhancing individual and social security. Therefore, one of the main 

priorities in Electrical Distribution Companies is timely repair and maintenance of the street lightening, 

which should be regularly checked. The common mechanized monitoring of the street lighting is based on 

measuring the consumed current of each lamp and comparing it with the lamp nominal current. In this way, 

the error in network is identified. Monitoring street lighting is presently conducted by traditional inspection 

and check-out method. We suggest a new method for monitoring and remote sensing of the street lighting 

system which is completely isolated from electricity network. It applies picture shooting of the street 

lighting network, image processing and identifying the off lights in the image.  

With regard to the necessity of timely maintenance of street lighting network, the method proposed 

here seems to be crucial and economical. This plan can be completely isolated from the street lighting power 

network. This system conducts monitoring and remote sensing of a large number of passageway lamps 

which are fed by different branches easily. In the nest phases of the project, other techniques will be 

examined for extracting data with high accuracy and increasing the reliability of remote sensing technique.    

The system performance was simulated and verified by MATLAB software. 

Keyword: Street lighting, monitoring, maintenance, crucial, economical, MATLAB, accuracy, 

reliability, remote sensing technique. 

 

 

 

INTRODUCTION : 

Hough Transform 



 
 

 

The Hough transform is a feature extraction technique used in image analysis, computer vision, and digital 

image processing.The purpose of the technique is to find imperfect instances of objects within a certain 

class of shapes by a voting procedure. This voting procedure is carried out in a parameter space, from which 

object candidates are obtained as local maxima in a so-called accumulator space that is explicitly 

constructed by the algorithm for computing the Hough transform. 

The classical Hough transform was concerned with the identification of lines in the image, but later the 

Hough transform has been extended to identifying positions of arbitrary shapes, most commonly circles or 

ellipses. 

In automated analysis of digital images, a sub problem often arises of detecting simple shapes, such as 

straight lines, circles or ellipses. In many cases an edge detector can be used as a pre-processing stage to 

obtain image points or image pixels that are on the desired curve in the image space. Due to imperfections in 

either the image data or the edge detector, however, there may be missing points or pixels on the desired 

curves as well as spatial deviations between the ideal line/circle/ellipse and the noisy edge points as they are 

obtained from the edge detector. For these reasons, it is often non-trivial to group the extracted edge features 

to an appropriate set of lines, circles or ellipses. The purpose of the Hough transform is to address this 

problem by making it possible to perform groupings of edge points into object candidates by performing an 

explicit voting procedure over a set of parameterized image objects (Shapiro and Stockman, 304). 

The simplest case of Hough transform is detecting straight lines. In general, the straight line y = mx + b can 

be represented as a point (b, m) in the parameter space. However, vertical lines pose a problem. They would 

give rise to unbounded values of the slope parameter m. Thus, for computational reasons, Duda and 

Hart[5] proposed the use of theHesse normal form 

 , 

where  is the distance from the origin to the closest point on the straight line, and  (theta) is the angle 

between the  axis and the line connecting the origin with that closest point. 
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It is therefore possible to associate with each line of the image a pair . The  plane is sometimes 

referred to as Hough space for the set of straight lines in two dimensions. This representation makes the 

Hough transform conceptually very close to the two-dimensional Radon transform. 

Discrete Wavelet Transform 

The discrete wavelet transform (DWT) is an implementation of the wavelet transform using a discrete set of 

the wavelet scales and translations obeying some defined rules. In other words, this transform decomposes 

the signal into mutually orthogonal set of wavelets, which is the main difference from the continuous 

wavelet transform (CWT), or its implementation for the discrete time series sometimes called discrete-time 

continuous wavelet transform (DT-CWT). 

The wavelet can be constructed from a scaling function which describes its scaling properties. The 

restriction that the scaling functions must be orthogonal to its discrete translations implies some 

mathematical conditions on them which are mentioned everywhere, 

e.g. the dilation equation 

 

 

where S is a scaling factor (usually chosen as 2). Moreover, the area between the function must be 

normalized and scaling function must be orthogonal to its integer translations, i.e. 

 

 RADON TRANSFORM 

 In mathematics, the Radon transform in two dimensions, named after the Austrian 

mathematician Johann Radon, is the integral transform consisting of the integral of a function over straight 

lines. The transform was introduced in 1917 by Radon who also provided a formula for the inverse 

transform. Radon further included formulas for the transform in three dimensions, in which the integral is 

taken over planes. It was later generalised to higher-dimensional Euclidean spaces, and more broadly in the 

context of integral geometry. The complex analog of the Radon transform is known as the Penrose 

transform. 
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The Radon transform is widely applicable to tomography, the creation of an image from the projection data 

associated with cross-sectional scans of an object. If a function ƒ represents an unknown density, then the 

Radon transform represents the projection data obtained as the output of a tomographic scan. Hence the 

inverse of the Radon transform can be used to reconstruct the original density from the projection data, and 

thus it forms the mathematical underpinning for tomographic reconstruction, also known as image 

reconstruction. 

 

CONNECTED COMPONENT LABELING: 

Connected-component labeling (alternatively connected-component analysis, blob extraction, region 

labeling, blob discovery, or region extraction) is an algorithmic application of graph theory, where subsets 

of connected components are uniquely labeled based on a given heuristic. Connected-component labeling is 

not to be confused with segmentation. 

 Connected-component labeling is used in computer vision to detect connected regions 

in binary digital images, although color images and data with higher dimensionality can also be processed. 

When integrated into an image recognition system or human-computer interaction interface, connected 

component labeling can operate on a variety of information. Blob extraction is generally performed on the 

resulting binary image from a thresholding step. Blobs may be counted, filtered, and tracked. 

 A graph, containing vertices and connecting edges, is constructed from relevant input data. The 

vertices contain information required by the comparison heuristic, while the edges indicate connected 

'neighbors'. An algorithm traverses the graph, labeling the vertices based on the connectivity and relative 

values of their neighbors. Connectivity is determined by the medium; image graphs, for example, can be 4-

connected or 8-connected. 

 This is a fast and very simple method to implement and understand. It is based on graph 

traversal methods in graph theory. In short, once the first pixel of a connected component is found, all the 

connected pixels of that connected component are labelled before going onto the next pixel in the image. It 

is assumed that the input image is a binary image, with pixels being either background or foreground and that 

the connected components in the foreground pixels are desired.  

 Connectivity checks are carried out by checking neighbor pixels' labels (neighbor elements whose 

labels are not assigned yet are ignored), or say, the North-East, the North, the North-West and the West of 

the current pixel (assuming 8-connectivity). 4-connectivity uses only North and West neighbors of the 
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current pixel. The following conditions are checked to determine the value of the label to be assigned to the 

current pixel (4-connectivity is assumed) 

Conditions to check: 

1. Does the pixel to the left (West) have the same value as the current pixel? 

1. Yes – We are in the same region. Assign the same label to the current pixel 

2. No – Check next condition 

2. Do both pixels to the North and West of the current pixel have the same value as the current pixel 

but not the same label? 

1. Yes – We know that the North and West pixels belong to the same region and must be 

merged. Assign the current pixel the minimum of the North and West labels, and record 

their equivalence relationship 

2. No – Check next condition 

3. Does the pixel to the left (West) have a different value and the one to the North the same value as the 

current pixel? 

1. Yes – Assign the label of the North pixel to the current pixel 

2. No – Check next condition 

4. Do the pixel's North and West neighbors have different pixel values than current pixel? 

1. Yes – Create a new label id and assign it to the current pixel 

 The algorithm continues this way, and creates new region labels whenever necessary. In this project, 

8-connected component labeling techniques is used to label the light sources in an image. 

ALGORITHM: 

• Images of the street lighting network are obtained as inputs for the system. 

• RGB images are converted to grayscale as we don’t require any colour information. 

• Threshold filtering is done to convert grayscale images to binary ones. 

• Using average filter or Gaussian filter smoothing is done and also other unwanted light sources are 

removed. 

• Labeling of the light sources is performed. 

• Using morphological filtering, light sources of very few pixels are removed. 

• Hough transform is applied for each light source and hough peak values for each source are stored in 

a database. 

• The hough peak values for light sources in the test image are compared with those of values obtained 

from a reference image with all lights on. 



 
 

 

• Hence, the light sources that are off are identified as their hough peak values are missing. 

• In the similar way, Discrete Wavelet transform and Radon transform are applied for each light 

source and their corresponding values are stored in the database. 

• The corresponding values for light sources in the test image are compared with those of values 

obtained from a reference image with all lights on. 

• Hence, the light sources that are off are identified as their values are missing. 

  



 
 

 

 

FLOWCHART : 

 

RESULTS: 

 The reference image with all lights on and the test image are taken as inputs for system. 

 

Reference Image                                               Test image 

These inputs are converted to grayscale and then converted to binary images with all light sources 

assigned 1 and all the background assigned 0. 



 
 

 

 

             Reference Image                                                        Test Image 

The outputs are low pass filtered using mean filter so that the image is smoothened and also noise 

from the images is removed. 

 

          Reference Image                                                         Test Image 

The light sources in the image are labeled using 8-connected component labeling and pixel filtering 

is applied to remove any other small unwanted light sources. 



 
 

 

 

Reference Image                                                         Test Image 

Now, each light source from the street lighting network image is extracted and Hough peak values 

for each light sourceare calculated and stored in the database. 

a) First light source and its corresponding hough peak 

 

b) Second light source and its corresponding hough peak 
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Similarly, hough peaks for every light source in both reference and test images are calculated and stored in a 

matrix as follows 

 Hough peak matrix for reference image:                         Hough peak matrix for test image: 

        P=                                                                                   Q= 

512     5                                                                              512    5            

838    90838    90 

912    97 

390     5                                                                              390    5 

391     6                                                                              391    6  

 From the comparison of the 2 hough peak matrices obtained from the reference and test images, we can say 

which light is off.  

 

CONCLUSION 

The accuracy of the above proposed system has been obtained as 80%. This is because, the light source that 

is far away from the first light has not been detected as a street light source. Also, the false acceptance ratio 



 
 

 

of the system, when applied in real time is 20% because, the headlight of a car in the image had been 

considered as street light because of its high intensity.  
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Abstract 
In today’s world communication plays a vital role in conveying information. One of the challenges faced 

during communication is how do you interpret or convey messages using symbols or help physically 

disabled persons to convey their message. We intend to aid these people or solve that problem using AIR 

WRITING PEN. 

The concept of air writing got its birth based on an idea of imaginaryblackboard, and writing on this 

blackboard using an inertial sensor-equipped pen-like wireless device. The message corresponding to 

particular movement is initially trained to the person and an algorithm is built accordingly. 

The device has a tri-axis accelerometer, gyro sensor, microcontroller, Bluetooth interface for detection of 

motion and transmission of signals on one end, the other end has corresponding receiver circuit to receive 

process and interpret the information. 

Our device looks like a pen which has space efficiency so that the circuit can be designed in pen shape 

including the power supply to the device. The device is made energy efficient so that the battery used can 

last for long time at a single stretch by power profiling to obtain energy efficiency and transmit 

accelerometer and gyro-meter values through Bluetooth and read them in MATLAB software so that the 

corresponding algorithm can be run on these values to interpret the meaning of those gestures.  

INTRODUCING GESTURES 

Gesture recognition is a topic in computer science and language technology with the goal of interpreting 

human gestures via mathematical algorithms. Gestures can originate from any bodily motion or state but 

commonly originate from the face or hand. Current focuses in the field include emotion recognition from 

face and hand gesture recognition. Many approaches have been made using cameras and computer 

vision algorithms to interpret sign language. However, the identification and recognition of posture, gait, 

proxemics, and human behaviours is also the subject of gesture recognition techniques. Gesture recognition 
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can be seen as a way for computers to begin to understand human body language, thus building a richer 

bridge between machines and humans than primitive text user interfaces or even GUIs (graphical user 

interfaces), which still limit the majority of input to keyboard and mouse. 

Gesture recognition enables humans to communicate with the machine (HMI) and interact naturally without 

any mechanical devices. Using the concept of gesture recognition, it is possible to point a finger at 

the computer screen so that the cursor will move accordingly. This could potentially make 

conventional input devices such as mouse, keyboards and even touch-screens redundant. 

Objective 

The main objective of our project is convey messages using symbols or help physically disabled persons to 

convey their message  based on an idea of imaginary blackboard, and writing on this blackboard using an 

inertial sensor-equipped pen-like wireless device. The message corresponding to particular movement is 

initially trained to the person and an algorithm is built accordingly. 

Overview of Air Writing Pen: 

 
Fig 1 Block Diagram of Air Writing Pen 

The device has a tri-axis accelerometer, gyrosensor,microcontroller, Bluetooth interface for detection of 

motion and transmission of signals on one end, the other end has corresponding receiver circuit to receive 

process and interpret the information. 

MPU 6050: 

This sensor combines a 3-axis MEMS gyroscope and a 3-axis MEMS accelerometer, is capable of 

processing complex 9-axis algorithms, captures the x, y, & z channel at the same time, and is very accurate 

due to the 16-bits analog to digital conversion hardware for each channel. The MPU-6050 also removes the 

cross-axis alignment problems that can occur on discrete parts. 

Atmega 328P: 

The Atmel 8-bit AVR RISC-based microcontroller combines 32 KB ISP flash memory with read-while-write 

capabilities, 1 KB EEPROM, 2 KB SRAM, 23 general purpose I/O lines, 32 general purpose working registers, 

three flexible timer/counters with compare modes, internal and external interrupts, serial 

MPU  6050 
A  6 axis 
motion 
sensor 

Micro-
controller 
ATmega328P  
For receiving of 
data from 
motion sensor 
and sending it 
to Bluetooth 

Bluetooth 
HC-05 
To transmit 
to the 
destination 
Device. 
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programmable USART, a byte-oriented 2-wire serial interface, SPI serial port, 6-channel 10-bit A/D 

converter (8-channels in TQFP and QFN/MLF packages), programmable watchdog timer with internal oscillator, 

and five software selectable power saving modes. The device operates between 1.8-5.5 volts. The device 

achieves throughputs approaching 1 MIPS per MHz 

HC-05 Bluetooth Controller: 

HC-05 module is an easy to use Bluetooth SPP (Serial Port Protocol) module, designed for transparent 

wireless serial connection setup. 

Serial port Bluetooth module is fully qualified Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps 

Modulation with complete 2.4GHz radio transceiver and baseband. It uses CSR Blue core 04-External 

single chip Bluetooth system with CMOS technology and with AFH (Adaptive Frequency Hopping 

Feature).It has the footprint as small as 12.7mmx27mm. Hope it will simplify your overall 

design/development cycle. 

Dynamic Time Warping 

Dynamic time warping (DTW) is a well-known technique to find an optimal alignment between two given 

(time-dependent) sequences under certain restrictions (Fig.1).Intuitively, the sequences are warped in a 

nonlinear fashion to match each other. Originally, DTW has been used to compare different speech patterns 

in automatic speech recognition. In fields such as data mining and information retrieval, DTW has been 

successfully applied to automatically cope with time deformations and different speeds associated with 

time-dependent data. 

Fig.1 Time alignment of two time-dependent sequences. Aligned points are indicated by the arrows 

Definition: An (N,M)-warping path (or simply referred to as warping path if N and M are clear from the 

context) is a sequence p = (p1,...,pL) with pl = (nl, ml) ∈ [1 : N] × [1 : M] for ∈ [1 : L] satisfying the 

following three conditions. 

(i) Boundary condition: p1 = (1, 1) and pL = (N,M).  

(ii) (ii) Monotonicity condition: n1 ≤ n2 ≤ ... ≤ nL and m1 ≤ m2 ≤ ... ≤ mL. 

(iii)  (iii) Step size condition: pl+1 − pl∈ {(1, 0),(0, 1),(1, 1)} for ∈ [1 : L − 1]. 
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Note that the step size condition (iii) implies the monotonicity condition (ii), which nevertheless has been 

quoted explicitly for the sake of clarity. An (N,M)-warping path p = (p1,...,pL) defines an alignment between 

two sequences X = (x1, x2,...,xN ) and Y = (y1, y2,...,yM) by assigning the element xnl of X to the element yml 

of Y . 

The total cost cp(X, Y ) of a warping path p between X and Y with respect to the local cost measure c is 

defined as 

 

 

Furthermore, an optimal warping path between X and Y is a warping path p* having minimal total cost 

among all possible warping paths. The DTW distance DTW(X, Y) between X and Y is then defined as the 

total cost of p∗: 

                                           DTW(X, Y ) := cp∗ (X, Y ) 

                                                                = min {cp(X, Y ) | p is an (N,M)-warping path} 

We continue with several remarks about the DTW distance. First, note that the DTW distance is well-

defined even though there may be several warping paths of minimal total cost. Second, it is easy to see that 

the DTW distance is symmetric in case that the local cost measure c is symmetric. 

 

 

 

Fig.2. Illustration of paths of index pairs for some sequence X of length N = 9 and some sequence Y of 

length M = 7. (a) Admissible warping path satisfying the conditions (i), (ii), and (iii) of Definition 8.1. (b) 

Boundary condition (i) is violated. (c) Monotonicity condition (ii) is violated. (d) Step size condition (iii) is 

violated 

The DTW distance is in general not positive definite even if this holds for c. For example, one obtains 

DTW(X, Y ) = 0 for the sequences X := (x1, x2) and Y := (x1, x1, x2, x2, x2) in case c(x1, x1) = c(x2, x2) = 0. 

Furthermore, the DTW distance generally does not satisfy the triangle inequality even in case c is a metric. 

APPLICATIONS 

• Short messages, simple diagrams in air.  



 
 

 

• Assistive communication for impaired patients. Especially for elderly people and motor impaired 

patients.  

• Can help journalists write without having to look at keypad, note book. 

• Ability to look around and gesture at the same time.  

• Sketching.   

• Can potentially replace walky-talkies used in defense fields.  

• Seamlessly integrate with voice & other gesture technologies towards building a rich multimodal 

conversation interface 

 

 

 

 

 ALGORITHM TO GENERATE DIGITAL TEMPLATE 

• Switch on the pen 

• Run the generate template program in matlab. 

• Wait for the prompt asking to write the digit. 

• Write the digit in the constrained environment and within specified time. 

• The template is saved with the digit name. 

ALGORITHM TO DETECT CHARACTERS 

• Switch on the pen. 

•  Run the DTW program in matlab. 

• Wait for the prompt asking to write the digit. 

• Write the digit in the constrained environment and within specified time. 

• The algorithm compares the digit with templates to find the minimum distance. 

• Identify the lowest distance and display the digit corresponding to that template. 

  



 
 

 

 FLOWCHART TO DETECT CHARACTER:  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

Start 

Switch on the pen 

Run the generate template 
program in matlab 

Wait for the prompt asking to 
write the digit 

Write the digit in the 
constrained space and within 

the allowed time. 

The algorithm compares the digit 
with templates to find the minimum 

distance 

 

Identify the lowest distance & 
display the digit 

 

End 



 
 

 

FLOWCHART TO GENERATE TEMPLATE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

Start 

Switch on the pen 

End 

The template is stored within 
the digit name. 

 

Write the digit in the 
constrained space and within 

the allowed time. 

Wait for the prompt asking to 
write the digit 

Run the generate template 
program in matlab 



 
 

 

Design of Air Writing pen using Purfboard is completed successfully. The photograph shown below 

represents the results taken while performing Gesture Recognition. 

Directory of templates: 

 

Fig 8.1The figure shows the Templates created as reference for DTW. 

Data stored in Text file: 

 

Fig 8.2The above figure shows the values of accelerometer read from Air Writing pen and stored as text 

file. 

Confusion matrix: 



 
 

 

Confusion matrix is a matrix which helps in finding the accuracy of the overall system.Its rows define 

numbers which is the expected output and column defines the output after performing the DTW. 

 

Fig 8.3The figure represents the confusion matrix built for accelerometer values. 

 

CONCLUSION 

In this paper, a design of air writing pen was presented. The features of this is to sense the gesture is 

air in six dimensions and transmit the same using wireless technology and interpret the values. The 

controller hardware was designed using ATMega 328P microcontroller, the motion sensor used is MPU 

6050 and HC-05 for transmission. The controller software were developed using Arduini IDE on windows 

operate system. The controller has primary and secondary switching on and off, various control strategy, 

fault detection features are applied. Using this device we can interpret or convey messages using symbols or 

help physically disabled persons to convey their message. 

 Presence of every module has been reasoned out and placed carefully thus contributing to the best 

working of the unit. This project represents an approach to the problem of efficiently and optimally interpreting or 

conveys messages using symbols. With all above discussions it is concluded that the cost of the systems is 

very less and faster in operation. 
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In the present system, the traffic on roads increased tremendously and the accidents density is also 

increased, so effective alerting system is required to predict the accidents in advance by indicating the 

collision of obstacles in advance is required. So Implementation of radar model system is required for target 

distance identification. 

The concept is that Radar system detects the objects within its range and gives the time taken for it to reach 

the obstacle with in its path. With this information, the distance from the obstacle is calculated. 

The hardware used in this project areRaspberry Pi (microprocessor) for processing and controlling the 

hardware, Ultra sonic sensor for detecting the objects within its range ,LCD andVoice Module  for giving 

text message and voice output , SD-card for storing  the software and processed data, the program used in 

this project is coded in PYTHON language and the OS used is RASPBIAN. The program is coded and 

saved in the Raspbian OS. 

In this project the Ultrasonic sensor detects the object and gives the time taken to reach the object to 

Raspberry pi module, then distance between the object is calculated and voice data is take from OS 

(Raspbian software) then voice output is given and LCD output is Displayed. 

 

 

 

 

 

INTRODUCTION  TORADAR SYSTEM: 

Radar is an electromagnetic system for the detection and location of objects. It operates by 

transmitting a particular type of waveform, a pulse-modulated sine wave for example, and detects 

the nature of the echo signal. Radar is used to extend the capability of one's senses for observing the 

environment, especially the sense of vision. In addition, radar has the advantage of being able to 

measure the distance or range to the object. This is probably its most important attribute. An 

elementary form of radar consists of a transmitting antenna emitting electromagnetic radiation 

generated by an oscillator of some sort, a receiving antenna, and an energy-detecting device or 

receiver. 



 
 

 

 

 Block diagram of radar system 

            DISTANCE CALCULATION: 

             Distance is calculated with the principle of Doppler effect 

The time from transmission of the pulse to reception of the echo is the time taken for the signal 

energy to travel through the air to the object and back again. Since the speed of signal is constant 

through air measuring the echo reflection time lets you calculate the distance to the object using the 

DST equation: 

Distance = (s * t)/2 (in meters) 

You need to divide by 2 as the distance is the round trip distance i.e. from transmitter to object and 

back again. 

DESCRIPTION: 
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          WORKING: 

In this after power supply is ON then the Ultrasonic start sending triggered signals and timer inside 

the Raspberry pi is activated , whenever an obstacle is detected then signal reflected back to the 

sensor and Echo pin in the sensor becomes ‘1’ then timer in Raspberry pi stopped and the distance is 

calculated with the obtained time and speed of Ultrasound waves ,  Now the distance is displayed on 

LCD screen as shown in the above diagram and  voice output is given in the form of alerting 

message. 

APPLICATIONS: 

• Distance at mines:   

For calculating the distance at mines and intimating the voice alerts. 

• Alarming near danger zones: 

Alarming, when intruders are near danger zones within a boundary distance. 

• Self-Driving: 

Helps in implementing self-driving school or Autopilot system. 

• Alerts to avoid traffic accidents: 

By intimating the driver if there is any chance of collision at junctions and while parking. 

 ALGORITHM: 

• When the supper supply is given to the raspberry pi , LCD and the Ultrasonic sensor gets 
activated 

• Then Trigger signal of 10us is generated , timer in the raspberry pi is started and if there is any 
obstacle then the signal gets reflected back to the sensor 

• Then the Echo pin in the Ultra sonic sensor changes from ‘0’ to ‘1’ and the timer is stopped , the 
distance is calculated 

• Then if any obstacle is present at front then (Distance1 ‘##.##’) is displayed similarly for second 
sensor output is displayed as (Distance2 **.**) which are float values 

• If there is no obstacle then (No Obstacle ) is displayed on the screen 
• At the same time of displaying the distance on the LCD screen an voice output is given to voice 

module 
• The voice output message are (“object is approaching from front”) and (“object is approaching 

from back”) 
• This goes on infinite while loop where if objects are there then messages gets displayed and 

voice output is obtained. 

 FLOW CHART: 

 start 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS: 

 

Output from LCD 

NO 

YES 



 
 

 

 

Continues measurement of distance from both sensors 

CONCLUSION: 

The prototype system development successfully completed. The system is very useful in today’s 
society. It makes drivers more aware of their surroundings; therefore, it will be easier for them to 
avoid collisions. With parking lots becoming more and more crowded and with more people driving 
larger vehicles that are hard to maneuver, a device like this becomes almost essential. The 
implementation for our product was very successful, and can be implemented without any difficulty. 
Changing the offset a little more might allow us to get perfect distance readings, but being off only a 
couple of centimeters is not of much concern. If to produce this product commercially, then more 
sophisticated microcontroller and sensor to calculate more distance that would allow us to eliminate 
the rounding problems and would therefore make for near perfect distance readings. Also, it is 
required to find and use lower cost parts in order to make something like this feasible for a company 
to produce and to sell to a car manufacturer. 
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ABSTRACT 
Tetraplegia is defined as complete loss of muscle function in part of the body below the neck. Some 

tetraplegic people can not move a single part of the body other than their eyes. It is very hard for them to 

perform even simple tasks like controlling home appliances with out the assistance of the other person. 

Hence there is requirement to assist such disabled people in most efficient way. With the advancements in 

the technology, an automation system is designed for such disabled people, which is based on the eye blinks 

of the patient. 

Thus this project demonstrates an automation system with eye blink sensor which is used to detect the eye 

blinks of a person. Multiple blinks are required to control the appliances at home. An Embedded system is 

used to check the correctness of the eye blink sequence and monitor the instantaneous states of the smart 

home system. Based on the eye blink count, various home appliances like Lights, Fans etc. are controlled 

using RF technology which is cost effective and more reliable. 

INTRODUCTION TO THE PROJECT 

Paralysis is the complete loss of muscle function for one or more muscle groups. Paralysis can cause loss of 

feeling or mobility in the affected areas. Paralysis can be localized, or generalized, or it may follow a 

specific pattern. Most paralyses caused by nervous system damage (i.e. spinal cord injuries) are constant in 

nature.However, there are forms of periodic paralysis, including sleep paralysis, which are caused by other 

factors. Paralysis is most often caused by damage to the nervous system, especially the spinal cord. 

Fully paralyzed patients require 24 hour support. But in the present day and age, it is not possible for anyone 

to be available at all times. So in those situations where the patient is alone in a room, he/she could use this 

application to call for help if required or switch on/off a light, a fan or any other appliance. Hence, our 

application will help the patient to be self-sufficient to a certain extent. So, Remote controlled home 



 
 

 

automation system provides a simpler solution with RF technology. In order to achieve this, a RF remote is 

interfaced to the microcontroller on transmitter side which sends ON/OFF commands to the receiver. 

In this thesis, we are introducing the concept of wireless home automation system by using an eye blink 

sensor. Instead of using RF controlled switches, here we are interfacing a sensor to microcontroller, it takes 

eye blinks as input to centralize the automation system. 

Today automation is playing an important role in human life. Home automation allows us to control house 

hold appliances like light, fan etc. It also provides emergency alert system to be activated in critical 

situations. Home automation not only refers to reduction in human efforts but also saves energy and time. 

 

BLOCK DIAGRAM AND DESCRIPTION 

  In this system, devices are controlled based on eye blink count, the person who wants to control the home appliances 

need to give specified number of eye blinks, by wearing an eye blink sensor. Eye blink sensor used is IR based.The 

output of the sensor varies whenever eye status changes. 

            Number of blinks      Status of the appliance 

                          2 Bulb 1 gets ON 

                          3 Bulb 1 gets OFF 

                          4 Bulb 2 gets ON 

                          5 Bulb 2 gets OFF 

                          6 Bulb 1 and Bulb 2 gets ON 

                          7 Bulb 1 and Bulb 2 gets OFF 

Table 1: Blink count to switch a particular appliance 

  Eye blink sensor is interfaced to arduino UNO board and detected eye blinks are given as inputs to the arduino. 

Arduino board receives input from the Eye blink sensor and by using arduino IDE and ATMEGA 328P micro 

controller the number of eye blinks are counted.16x2 LCD is used to display the blink count and the status of the 

Bulbs. 

  RF transmitter module is interfaced with Arduino board to process and transmit the data. The output pins of the 

arduino for corresponding eye blink count are interfaced with the data pins of the signal encoder.Encoding is the 

process of putting a sequence of characters (letters, numbers, punctuation, and certain symbols) into a specialized 

format for efficient transmissionor storage.The encoder is used for wrapping up the data. The encoder HT12E IC is 



 
 

 

also capable of converting parallel data inputs into serial outputs. The encoded message is transmitted through RF 

transmitter and it transmits the signal to the receiver section using ASK modulation technique.  

 
 

Fig 1: Transmitter section of WirelessHome Automation System 

  At receiver section, RF receiver module receives the modulated RF signal, and demodulates it. The RF receiver 

operates at a frequency of 433MHz.Decoding is the conversion of an encoded format back into the original sequence 

of characters. By using decoding operation at receiver side, we will get the original signal.HT12D decoder will also 

convert the received serial data to parallel data. 

  The output voltage of decoder is 5 volts which is not sufficient to control the home appliances because the operating 

voltage of home appliances is 230 volts. In order to energize 5 volts to 230 volts, relay modules are used.Relay is an 

electromagnetic switch operated by a relatively small electric current. Many sensors are incredibly sensitive pieces of 

electronic equipment and produce only small electric currents. But often we need them to drive bigger pieces of 

apparatus that use bigger currents. Relays bridge the gap, making it possible for small currents to activate larger ones. 

That means relays can work either as switches (turning things on and off) or as amplifiers (converting small currents 

into larger ones). 

 

https://en.wikipedia.org/wiki/Demodulation�


 
 

 

 

    

Fig 2: Receiver section of Wireless Home Automation System 

 

 

 

RESULTS  

The software code for blink detection is written in arduino IDE and is uploaded in the arduino board. The 

code is implemented such that the person who wears the eye blink sensor should provide required number of 

blinks to control the specified home appliances. As per our decision, we are controlling a Bulb i.e, Bulb 

ON/Bulb OFF by affording a predefined number of blinks. The corresponding status of Bulb (i.e, ON/OFF) 

is displayed on LCD and the transmission of signal from encoder is indicated with LED. 

A PERSON WITH EYE BLINK SENSOR: 

 



 
 

 

 

 

Fig 3 A Person wearing the                      Fig 4 Serial monitor window  

                         Eye blink sensorof Arduino IDE 

 

Fig 3 shows a person equipped with an eye blink sensor which is interfaced with Arduino for producing required 

number of eye blinks to centralize the appliances i.e, Bulbs at home. 

  We can observe the number of blinks he is presenting to control an appliance on the serial monitor window of 

Arduino IDE as shown in Fig 4. 

 

 

CONTROLLING BULB1: 

 

 



 
 

 

 

Fig 5: Turning ‘ON’ the Bulb1 and Displaying its status 

 

When the Blink count is equal to 2, the Bulb1 at the Receiver is ‘ON’ and its status is displayed on the LCD as shown 

in Fig 5. 

 

  The status of the Bulb1 will be ‘OFF’ for 3 blinks as shown Fig 6. 

 

 

 

Fig 6: Turning ‘OFF’ the Bulb 1 and Displaying its status 

CONTROLLING BULB 2: 

 

 
 



 
 

 

Fig 7: Turning ON the Bulb2 and Displaying its status 

 

The Bulb2 at the Receiver is ‘ON’i.e, by obtaining 4 eye blinks from sensor and its status is displayed on the LCD as 

shown in Fig 7. 

 

The status of the Bulb2 will be ‘OFF’ for 5 blinks as shown in Fig 8. 

 

 

Fig 8: Turning ‘OFF’ the Bulb2 and Displaying its status 

 

CONTROLLING BOTH BULBS: 

 
 

Fig 9: Turning ‘ON’ both Bulbs and Displaying its status 

 

  Both Bulbs (Bulb1 and Bulb2) turned ‘ON’ for blink count equal to 6 and its status is displayed on LCD as shown 

in Fig 9. 



 
 

 

 

  Both Bulbs will be ‘OFF’ for 7 eye blinks and its corresponding status is displayed on LCD as shown in Fig 10. 

 

 

 
 

Fig 10: Turning ‘OFF’ both Bulbs and Displaying its status 

 

CONCLUSION AND FUTURE SCOPE 

A cost effective system is designed for the disabled people to live more independently allowing them to take 

control over the home appliances. The first phase involved the blink detection phase;The second phase 

involved counting of the blinks and the third phase involved subsequent control of appliances with 

microcontroller through RF Technology. By enabling paralyzed to gain control of albeit a small part of their 

lives,the system can offer some level of independency to them. The helpers who are assigned the task of 

attending paralyzed persons through the day can be afforded a break.The system needs moderate processing 

power, making suitable for practical use. 

The application of blink detection system is not limited to the control of appliances but can also be used for 

a variety of other functions. Playback of audio messages over an inter communication system is one of the 

other applications of the system.Future applications of the system may include playback of video or audio 

files by eye blinks and making VOIP call to play a distress message.In future,the system can be 

implemented with Zigbee communication device for achieving long distances with less power requirements 

comparatively. 
 

REFERENCES 



 
 

 

1. Integrated Digital Communications. Johannesburg, South Africa: School of Electrical and Information Engineering, 

University of the Witwatersrand.  

2. "Arduino FAQ – With David Cuartielles". Malmö University. April 5, 2013. Retrieved 2014-03-24  

3. Programming Arduino Getting Started with Sketches".McGraw-Hill. Nov 8, 2011. Retrieved 2013-03-28. 

4. Supplement to IEEE Std 802.11 a-1999, part 11: Wireless LAN medium access     control (MAC) and physical 

layer (PHY) specifications, High-speed physical layer in the 5GHz band, ISO/IEC 8802: 1999/Amd 1:2000(E).  

5. B-U Klepser, M Punzenberger, T. Ruhlicke, M. Zannoth, "5-GHz and 2.4-GHz dual-band RF-transceiver for 

WLAN 802.11a/b/g applications," IEEE Radio Frequency Integrated Circuits Symposium, pp. 37-40, June 2003 

 

Contributors 

 

K.S.Shilpaobtained her B.Tech Degree in Electronics and Communications from 

Visvesvaraya Technological University(VTU),Karnataka and Obtained her M.Tech 

Degree in Digital Electronics from Visvesvaraya Technological 

University(VTU),Karnataka. Her areas of research interest are Wireless sensor networks 

and Embedded systems. 

  
K.Laxman kishore12071A0479completed his B. TECH in 2016 from VNR VJIET. 
 
 
 
 

 

 

   V.Hemanth12071A04B5 completed his B. TECH in 2016 from VNR VJIET. 
 
 
 
 
 
 

D.Karthik13075A0420 completed his B. TECH in 2016 from VNR VJIET. 
  

 

 

 



 
 

 

 

DESIGN AND DEVELOPMENT OF PORTABLE MULTI PARAMETER 
MEASURING AND MONITORING SYSTEM 

 

D.Likith Sai           N.KrishnaKanthE.Srinivas            N. Vinay Kumar 12071A0410              
12071A0435                    13075A0408            13075A0409 

 
Under the Guidance of 
Mr.V.Naveen Kumar 

Assistant Professor 
Abstract 
There are many types of Lab instruments like Oscilloscope, Logic analyzer, Function generator etc., 

necessary to carry out several experiments on electronic circuits in order to realize their stability, reliability 

and determine their optimal performance. These instruments cost significantly higher when compared to 

general tools. For an electronics student or Hobbyist or developer the basic versions of these instruments 

were not in an affordable range. To serve the purpose of above stated instruments a low cost, easy to make 

lab instrument, a PORTABLE MULTI PARAMETER MEASURING AND MONITORING 

SYSTEMisdeveloped. 

 The objective of this project is to design an instrument which has functionality of various lab 

instruments, act as an add on computer device so that the user can easily interface the device to an existing 

computer system, with overall cost of device to be a fraction of cost of existing instruments in the market.  

 In this project  the following functionality of an Oscilloscope, Logic analyzer, Ammeter, Low 

bandwidth Spectrum Analyzer, Signal generator and a protocol analyzer are implemented with the help of 

KL25Z (an ARM Cortex M0+) and Atmega8a(8bit AVR). 

 The visual output is displayed with the help of a python program running on a host system 

which can be interfaced to this device in both Wired and Wireless modes. The standalone current output and 

connect status is displayed on a resident 16X2 LCD display unit. 



 
 

 

RESULTS 

Oscilloscope:- 

The below figures shows the output of the oscilloscope with maximum sampling frequency of 812 
KHz. 

 
Figure: Illustration for functionality of Oscilloscope 

An Analog sample circuit is designed and a square wave is passed to the KL25Z controller.we can 

use the sampling frequency upto 812 KHz. When the channel 0 is given the signal is printed in green colour 

and when channel 1 is given the signal is displayed in blue colour. 

Logic Analyzer:- 

The below figure shows the output of the logic analyzer.The maximum sampling frequency is 
24MHz. 

 

Figure:Illustration for functionality of Logic Analyzer 

This digitalsignal is now observed on the host application which is developed by using Python. By 

giving the sampling frequency of 1000. The output is then plotted which contains 8 channels 0 1 2 3 4 5 6 7. 

Channel 0:- brown colour          Channel 1:- green colour         Channel 2:- red colour 



 
 

 

Channel 3:- sky blue colourChannel 4:- purple colour      Channel 5:- yellow colour 

Channel 6:- black colour             Channel 7:- blue colour. 

Spectrum Analyzer:- 

The below figure shows the output waveform of the Spectrum Analyzer. The Band Width of a 
Spectrum Analyzer is 200 KHz. the below figure show the output of the spectrum analyzer for the given 
sine wave at 100Hz. 

 

Figure:  Illustration for functionality of Spectrum Analyzer 

Ammeter :- 

The below figure shows the output of Ammeter. The output is displayed both in LCD and as well as 
GUI screen. The sampling frequency is 15k samples/second.  

 

Figure:Illustration for functionality ofAmmeter 

Signal Generator:- 

The below figure shows the input values to the analog signal, with respect to the given values analog 

signal is plotted on the screen. 



 
 

 

 

Figure: Illustration for functionality of signal Generator 

ProtocolAnalyzer:- 

The below figure shows the input commandgiven to Prototol analyzer Tx Data field and the response 

shown in Rx data field. 

. 

Figure: Illustration for functionality of protocol analyzer 

  

CONCLUSION 

The desired functionalities to be implemented had been successfully achieved in this project. The hardware 

requirements were met with the help of KL25z and AVR Atmega8a. The Software requirements were met 

with Python interface. 

The specification for the developed instrument is as follows: 



 
 

 

a) Maximum time sampling for oscilloscope is 832KSPS with maximum voltage adjustments to 30Vp-

p signal. 

b) Maximum time sampling for Logic Analyzer is 24MSPS with 5v and 3.3v tolerance. 

c) Maximum time sampling for Ammeter is 15KSPS with peak current detection of +/- 5000 mAmps. 

d) Signal bandwidth of Spectrum Analyzer is 200Khz. 

e) Analog Signal generator maximum periodic frequency is 200Khz. 

f) Digital Signal generator maximum sampling frequency is 400Khz 

g) Protocol analyzer has been implemented for 5v and 3.3v TTL levels. 

The final cost of the prototype was Rs3000/- 
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ABSTRACT 
A patient lift also known as patient hoist, jack hoist, hydraulic lift, may be either a sling lift or sit-to-stand 

lift. This is an assistive device that allows patients in hospitals and nursing homes and those receiving home 

health care to be transferred between a bed and a chair or other similar resting places, using hydraulic 

power. Sling lifts are used for patients whose mobility is limited. They could be mobile lifts or overhead 

lifts which are suspended from ceiling-mounted or overhead tracks. 

The sit-to-stand lift is designed to help patients with some mobility but who lack the strength or muscle 

control to rise to a standing position from a bed, wheelchair, chair, or commode. They use straps, vests, or 

belts as opposed to slings, to make the transition possible.These systems are comprised of modular 

subsystems that can be easily replaced to minimize downtime and extend the service life of the overall 

system. 

The lifting action is created using electrically controlled hydraulic cylinders. Hydraulic cylinders get their 

power from pressurized hydraulic fluid, which is typically oil. The hydraulic cylinder consists of a 

cylinder barrel, in which a piston connected to a piston rod moves back and forth. The barrel is closed on 

one end by the cylinder bottom also called the cap and the other end by the cylinder head also called the 

gland, where the piston rod comes out of the cylinder. The piston has sliding rings and seals. The piston 

divides the inside of the cylinder into two chambers, the bottom chamber i.e. the cap end and the piston rod 

side chamber.  

The design and simulation of the Patient Lift can be implemented using a Computer Aided Design (CAD) 

software. Computer-aided design (CAD) is the use of computer systems to aid in the creation, modification, 



 
 

 

analysis, or optimization of a design. CAD software is used to increase the productivity of the designer, 

improve the quality of design, improve communications through documentation, and to create a database for 

manufacturing. CAD output is often in the form of electronic files for print, machining, or other 

manufacturing operations. Solidworks is a CAD software that provides complete 3-D user interface. 

PALM SETUP MODULES  

The entire PALM setup is an integrated system comprising of the following sub systems which assist in its 

actual functioning  

• Mechanical Structure  - MS Steel body for the lift stability  

• Hydraulic lift mechanism for patient from sitting position to standing position 

• Arduino Mega Processor and Solid State Relays 

• Bluetooth communication between palm setup and Patient to enable the various functions of the 

PALM. 

• DC motors equipped with wheels for easy maneuvering 

TECHNOLOGY OVERVIEW  
To implement a lift for a patient we need the mechanical linear actuation. There are four basic types of 

linear actuators including hydraulic, pneumatic, piezoelectric, and mechanical/electro mechanical linear 

actuators. 

 

Hydraulic linear actuators use pressurized hydraulic fluid, usually oil. Their basic design is hundred of 

years old and are particularly useful for rugged applications where high force, high power per unit weight 

and volume, mechanical stiffness, and high dynamic response are desired. Hydraulic linear actuators can 

operate at forces of 500 PSI or greater, and offer far tighter control than pneumatic systems. They are 

typically used in precision control systems and heavy-duty machine tools in engineering vehicles, marine, 

and aerospace applications. Disadvantages include noise, heat, leakage problems (when not properly 

maintained), and the need for additional equipment such as fluid reservoirs, release valves, motors and 

pumps, as well as additional equipment to reduce noise and heat.Hydraulic actuators consist of a cylinder 

or fluid motor that utilizes hydraulic power to facilitate mechanical process. The mechanical motion gives 

an output in terms of linear, rotary or oscillatory motion. 

 

Pneumatic linear actuators use pressurized air or gas. Their basic design is also hundreds of years old, but 

are usually powered in modern times by an electric compressor. They are used in applications typically 



 
 

 

requiring 100 PSI or less, or when high speeds are needed ranging from a couple of inches per second to 

over 60 inches of travel per second. Applications include switches, sensors, air compressors, pumps, 

dentistry, mining, nail guns, mail tubes, door closers, and countless industrial applications. 

 

Piezoelectric actuators use voltage to expand a material, usually a ceramic. They allow for extremely fine 

positioning down to the sub nanometer range with very short ranges in motion and can bear extreme loads 

exceeding several tons. They also offer the fastest acceleration rates available exceeding 10,000 Gs. One 

advantage over linear actuators using electric motors is that piezoelectric actuators generate little or no 

measurable magnetic field. Other advantages include low power consumption, little wear and tear or 

abrasion (which make them ideal for clean rooms), and no practical temperature limitations since the 

piezoelectric effect operates at near 0 Kelvin. They are used primarily in industrial and scientific 

applications. 

 

Mechanical or electro mechanical linear actuators usually convert rotary motion into linear motion. The 

distinction between mechanical or electro mechanical linear actuators is whether the linear actuator is driven 

by an internal or an external power source, such as a motor, or by hand. The most common mechanisms 

include the screw (ballscrew, roller screw, or lead screw designs) where rotating the nut moves the screw 

shaft in a straight line; the wheel and axle, where rotating a wheel produces linear motion along a belt, 

chain, cable, or rack; and the cam, where an eccentrically shaped wheel is rotated to produce linear motion. 

 

 

  



 
 

 

TECHNOLOGY IMPLEMENTATION  
 

Advantages of Hydraulics 

In order to achieve the desired lift for the patient, Hydraulic motion fit the bill owing to its slow, gradual and 

controlled motion. Also, Hydraulics has a lot of advantages when compared to the other actuator 

technologies .Variable hydraulic actuators are widely used as drives of machine tools, rolling mills, pressing 

and the foundry equipment, road and building machines, transport and agricultural machines, etc. A number 

of advantages in comparison with mechanical and electric transfers explains such their wide application 

• Hydraulic actuators are rugged and suited for high-force applications. They can produce forces 25 

times greater than pneumatic cylinders of equal size. They also operate in pressures of up to 4,000 

psi. 

• Hydraulic motors have high horsepower-to-weight ratio by 1 to 2 hp/lb greater than a pneumatic 

motor. 

• A hydraulic actuator can hold force and torque constant without the pump supplying more fluid or 

pressure due to the incompressibility of fluid. 

• Hydraulic actuators can have their pumps and motors located a considerable distance away with 

minimal loss of power. Infinitely variable control of gear-ratio in a wide range and an opportunity to 

create the big reduction ratio;  

• Small specific weight, the weight of a hydro actuator is in ratio to transmitted capacity (0,2...0,3 kg / 

kWt) 

• Opportunity of simple and reliable protection of the engine from overloads 

• Small sluggishness of the rotating parts, providing fast change of operating modes (startup, dispersal, 

a reverser, a stop) 

• Simplicity of transformation of rotary movement into reciprocating one 

• Opportunity of positioning a hydraulic engine on removal (distance) from an energy source and 

freedom in making configuration. It is also necessary to reckon with disadvantages of hydraulic 

actuators: 

• Efficiency of a volumetric hydraulic actuator is a little bit lower, than efficiency of mechanical and 

electric transfers, and during regulation it is reduced 

• Conditions of operation of a hydraulic actuator (temperature)influence its characteristics  

• Efficiency of a hydraulic actuator is a little reduced in the process of exhaustion of its resource 

owing to the increase in backlashes and the increase of outflow of liquid (falling of volumetric 

efficiency) 



 
 

 

• Sensitivity to pollution of working liquid and necessity of high culture service. 

 

HYDRAULIC ACTUATION  

 
A Hydraulic cylinder, also called a linear hydraulic motor is a mechanical actuator that is used to give a 

unidirectional force through a unidirectional stroke. It has many applications, notably in construction 

equipment, engineering vehicles, manufacturing machinery, and civil engineering. 

 

HYDRAULIC OPERATION 

 
 

Hydraulic cylinders get their power from pressurized hydraulic fluid, which is typically oil. The hydraulic 

cylinder consists of a cylinder barrel, in which a piston connected to a piston rod moves back and forth. The 

barrel is closed on one end by the cylinder bottom also called the cap and the other end by the cylinder head 

also called the gland, where the piston rod comes out of the cylinder. The piston has sliding rings and seals. 

The piston divides the inside of the cylinder into two chambers, the bottom chamber (cap end) and the 

piston rod side chamber. Flanges, trunnions, clevises, Lugs are common cylinder mounting options. The 

piston rod also has mounting attachments to connect the cylinder to the object or machine component that it 

is pushing / pulling. 

A hydraulic cylinder is the actuator or "motor" side of this system. The "generator" side of the hydraulic 

system is the hydraulic pump which brings in a fixed or regulated flow of oil to the hydraulic cylinder, to 

move the piston. The piston pushes the oil in the other chamber back to the reservoir. If we assume that the 



 
 

 

oil enters from cap end, during extension stroke, and the oil pressure in the rod end / head end is 

approximately zero, the force F on the piston rod equals the pressure P in the cylinder times the piston 

area A:        

 

HYDRAULIC SYSTEM PARTS   

 
 

 
 

 

A hydraulic cylinder consists of the following parts:  



 
 

 

CYLINDER BARREL 

The main function of cylinder body is to hold cylinder pressure. The cylinder barrel is mostly made from a 

seamless tube. The cylinder barrel is ground and/or honed internally with a typical surface finish of 4 to 16 

micro-inch. Normally hoop stress is calculated to optimize the barrel size. The piston reciprocates in the 

cylinder. 

 

CYLINDER BASE OR CAP 

 The main function of the cap is to enclose the pressure chamber at one end. The cap is connected to the 

body by means of welding, threading, bolts, or tie rod. Caps also perform as cylinder mounting components 

[cap flange, cap trunnion, cap clevis]. Cap size is determined based on the bending stress. A static seal / o-

ring is used in between cap and barrel (except welded construction). 

 

CYLINDER HEAD 

The main function of the head is to enclose the pressure chamber from the other end. The head contains an 

integrated rod sealing arrangement or the option to accept a seal gland. The head is connected to the body by 

means of threading, bolts, or tie rod. A static seal / o-ring is used in between head and barrel. 

PISTON 

The main function of the piston is to separate the pressure zones inside the barrel. The piston is machined 

with grooves to fit elastomeric or metal seals and bearing elements. These seals can be single acting or 

double acting. The difference in pressure between the two sides of the piston causes the cylinder to extend 

and retract. The piston is attached with the piston rod by means of threads, bolts, or nuts to transfer the 

linear motion. 

 

PISTON ROD 

The piston rod is typically a hard chrome-plated piece of cold-rolled steel which attaches to the piston and 

extends from the cylinder through the rod-end head. In double rod-end cylinders, the actuator has a rod 

extending from both sides of the piston and out both ends of the barrel. The piston rod connects the 

hydraulic actuator to the machine component doing the work. This connection can be in the form of a 

machine thread or a mounting attachment. 

 

SEAL GLAND 

The cylinder head is fitted with seals to prevent the pressurized oil from leaking past the interface between 

the rod and the head. This area is called the seal gland. The advantage of a seal gland is easy removal and 

seal replacement. The seal gland contains a primary seal, a secondary seal / buffer seal, bearing elements, 



 
 

 

wiper. In some cases, especially in small hydraulic cylinders, the rod gland and the bearing elements are 

made from a single integral machined part.  

 

MECHANICAL STRUCTURE 

 
Figure 4: Metal frame layout 

 

3.1. MATERIAL USED 
The material used for making the body of the patient lift is mild steel with medium carbon content (0.6% to 

1.2%). Mild steel, also known as plain-carbon steel, is now the most common form of steel because its price 

is relatively low while it provides material properties that are acceptable for many applications. Mild steel 

has a relatively low tensile strength, but it is cheap and easy to form; surface hardness can be increased 

through carburizing. 

 

 
Figure 5: Mild steel 

It is often used when large quantities of steel are needed, for example as structural steel. The density of mild 

steel is approximately 7.85 g/cm3 (7850 kg/m3 or 0.284 lb/in3) and the Young's modulus is 210 GPa 

(30,000,000 psi). 



 
 

 

 

STRENGTH OF MATERIALS 

 
Strength of materials, also called mechanics of materials, is a subject which deals with the behavior of solid 

objects subject to stresses and strains. The complete theory began with the consideration of the behavior of 

one and two dimensional members of structures, whose states of stress can be approximated as two 

dimensional, and was then generalized to three dimensions to develop a more complete theory of the elastic 

and plastic behavior of materials 

The strength of the materials is estimated using CAD software Solidworks by selecting the required material 

and performing stress analysis. Additional material will be added to certain parts of the machine if required 

based on the simulation reports. Stress analysis often reduces the development costs and time and also 

ensures a reduced risk of failure due to weak material choice and faulty machine design. 

 

 



 
 

 

HEART OF PALM – ARDUINO MEGA PROCESSOR  

The Arduino Mega is a microcontroller board based on the ATmega1280 (datasheet). It has 54 digital 

input/output pins (of which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTs (hardware serial 

ports), a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It 

contains everything needed to support the microcontroller; simply connect it to a computer with a USB 

cable or power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with most 

shields designed for the Arduino Duemilanove or Diecimila. 

The ATmega1280 has 128 KB of flash memory for storing code (of which 4 KB is used for the bootloader), 

8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).  

Microcontroller ATmega1280 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 54 (of which 15 provide PWM output) 

Analog Input Pins 16 

DC Current per I/O Pin 40 Ma 

DC Current for 3.3V Pin 50 Ma 

Flash Memory 128 KB of which 4 KB used by bootloader 

SRAM 8 KB 

EEPROM 4 KB 

Clock Speed 
16 MHz 

 

Main Features of Atmega 1280 Microcontroller 

The high-performance, low-power Atmel 8-bit AVR RISC-based microcontroller combines 128KB ISP 

flash memory, 8KB SRAM, 4KB EEPROM, 86 general purpose I/O lines, 32 general purpose working 

registers, real time counter, six flexible timer/counters with compare modes, PWM, 4 USARTs, byte 

oriented 2-wire serial interface, 16-channel 10-bit A/D converter, and a JTAG interface for on-chip 

debugging. The device achieves a throughput of 16 MIPS at 16 MHz and operates between 2.7-5.5 volts.  

By executing powerful instructions in a single clock cycle, the device achieves a throughput approaching 1 

MIPS per MHz, balancing power consumption and processing speed. 

• High Performance, Low Power Atmel® AVR® 8-Bit Microcontroller  

• Advanced RISC Architecture – 135 Powerful Instructions – Most Single Clock Cycle 

Execution – 32 × 8 General Purpose Working Registers – Fully Static Operation – Up to 16 

MIPS Throughput at 16MHz – On-Chip 2-cycle Multiplier  



 
 

 

• High Endurance Non-volatile Memory Segments – 64K/128K/256KBytes of In-System Self-

Programmable Flash – 4Kbytes EEPROM – 8Kbytes Internal SRAM – Write/Erase 

Cycles:10,000 Flash/100,000 EEPROM – Data retention: 20 years at 85°C/ 100 years at 

25°C – Optional Boot Code Section with Independent Lock Bits 

• In-System Programming by On-chip Boot Program 

• True Read-While-Write Operation – Programming Lock for Software Security  

• Endurance: Up to 64Kbytes Optional External Memory Space 

 

 

 

 

 

WIRELESS COMMUNICATION INTERFACE  
 

COMMUNICATION INTERFACE 

The patient needs to effectively communicate with the PALM setup in order to board and maneuver along 

with it. The range of separation between the patient and the PALM setup falls in the same range of 

Bluetooth communication. Hence, the PALM module makes use of RF communication which is essentially 

achieved with the transceiver setup of mobile and Bluetooth Module HC 05 

 

Bluetooth Terminal App  

The app is terminal application, it can transaction data between Bluetooth devices. 

It’s can save all send and receive data to file. Bluetooth terminal app is used to connect to the HC-05 

Bluetooth module. Then an app wants to turn on Bluetooth will be displayed on your mobile. You can turn 

on Bluetooth in your mobile by selecti-ng “Allow”. The receiver module used over here is HC 05 which is 

in contact with palm setup. Hence the user at a certain distance can communicate with the HC 05 on the 

module. 

 



 
 

 

 
 

  



 
 

 

Bluetooth Module HC05  

HC-05 embedded Bluetooth serial communication module (can be short for module) has two work modes: 

order-response work mode and automatic connection work mode. And there are three work roles (Master, 

Slave and Loopback) at the automatic connection work mode. When the module is at the automatic 

connection work mode, it will follow the default way set lastly to transmit the data automatically. When the 

module is at the order-response work mode, user can send the 

AT command to the module to set the control parameters and sent control order. The work mode of module 

can be switched by controlling the module PIN (PIO11) input level.  

To use Bluetoothwireless technology, a device must be able to interpret certain Bluetooth profiles. 

Bluetooth profiles are definitions of possible applications and specify general behaviors that Bluetooth 

enabled devices use to communicate with other Bluetooth devices. There is a wide range of Bluetooth 

profiles describing many different types of applications or use cases for devices 

HC-05 module is an easy to use Bluetooth 

SPP (Serial Port Protocol) module, designed for transparent wireless serial connection setup. 

Serial port Bluetooth module is fully qualified Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps 

Modulation with complete 2.4GHz radio transceiver and baseband. It uses CSR Bluecore 04-External single 

chip Bluetooth system with CMOS technology and with AFH(Adaptive Frequency Hopping Feature). It has 

the footprint as small as 12.7mmx27mm. Hope it will simplify your overall design/development cycle. 

 

Specifications 



 
 

 

Typical -80dBm sensitivity 

• Up to +4dBm RF transmit power 

• Low Power 1.8V Operation ,1.8 to 3.6V I/O 

• PIO control 

• UART interface with programmable baud rate 

• With integrated antenna 

• With edge connector 

BLOCK DIAGRAMS – MODULEWISE APPLICATIONS  

BLOCK DIAGRAM – LIFT ACTION  

 

• 0 – Stop Motion 

• 1-   Front motion  

• 2 – Back motion  

• 3 – Left direction  

• 4-  Right direction  

• 5 - Begin Lift 

• 6 – Stop Lift  

• 7 – Lift Down  

The Patient uses his mobile phone which acts as a transmitter and sends the assigned Bluetooth commands 
to the palm setup through the Bluetooth connection .The HC05 module now receives the commands which 
is being processed by the arduino Mega which in turns on the relay for the lift and the action is achieved  

 

BLOCK DIAGRAM – MANEUVERING  

 

• 0 – Stop Motion 

• 1-   Front motion  

• 2 – Back motion  

• 3 – Left direction  

• 4-  Right direction  



 
 

 

• 5 - Begin Lift 

• 6 – Stop Lift  

• 7 – Lift Down  

The patient after being lift from sitting to standing position with the hydraulic lift, is now mounted on the 
PALM setup. The patient may make use of the various Bluetooth commands assigned for easy 
maneuvering.  

Front motion: This is enabled by simultaneous clockwise motion of the motors which is got by relay 
connection 

Back motion: This is enabled by simultaneous anti clockwise motion of the motors which is achieved by 
relay connection 

Right motion: This is enabled by the anti-clockwise motion of the right motor and clockwise motion of the 
left motor 

Left motion: This is enabled by clockwise motion of the right motor and anti-clockwise motion of the left 
motor  

BLOCK DIAGRAM - ARDUINO CODE  

 

CONCLUSION 

The Patient lifts system is presently being implemented in Hospitals and Medical care centers abroad and is 

giving satisfactory results. These kind of systems help improve the medication standards by increasing the 

safety and improving the ease of handling patients, along with reducing the errors that are inevitable with 

human involvement.  

The electrical control and automation ensures that the patient can operate the equipment independently and 

carry out his day-to-day activities without being dependent. It also improves the efficiency and make it 

convenient to monitor the system performance. 
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ABSTRACT 
. 
Driver inattention is a major factor in most traffic accidents. Research and development has actively been 
carried out for decades, with the goal of precisely determining the driver’s state of mind. In this project a 
technique called electro encephalography (EEG) has been used to analyze the driver’s brain signals to 
develop the EEG-based Driver Assistant/Monitoring System. EEG signal will be acquired using Emotiv 
headset and these signals will be analyzed and driver’s mental state will be predicted. If system founds that 
driver is not mentally stable, it will ring the alarm indicating that driver is not mentally fit for driving. 

LITERATURE SURVEY 

EEG waveforms are generally classified according to their frequency, amplitude, and shape, as well as the 
sites on the scalp at which they are recorded. The most familiar classification uses EEG waveform 
frequency. The frequencies most brain waves range from are 0.5-500 Hz. However, the following categories 
of frequencies are the most clinically relevant: 

Alpha band (8-13 Hz): 

• Alpha activity disappears normally with attention (eg, mental arithmetic, stress, opening eyes). In 
most instances, it is regarded as a normal waveform. 

• An abnormal exception is alpha coma, most often caused by hypoxic-ischemic encephalopathy of 
destructive processes in the pons (eg, intracerebral hemorrhage). In alpha coma, alpha waves are 
distributed uniformly both anteriorly and posteriorly in patients who are unresponsive to stimuli 

Chapter 3 Beta band (13-30 Hz): 
• Beta waves are observed in all age groups. 
• They tend to be small in amplitude and usually are symmetric and more evident anteriorly. 
• Drugs, such as barbiturates and benzodiazepines, augment beta waves. 

Chapter 4 Theta band (4-8 Hz): 
• Theta waves normally are seen in sleep at any age. In awake adults, these waves are abnormal if they 

occur in excess. 
• Theta and delta waves are known collectively as slow waves. 

Delta band (1-4 Hz): 

• These slow waves have a frequency of 3 Hz or less. 
• They normally are seen in deep sleep in adults as well as in infants and children. 



 
 

 

• Delta waves are abnormal in the awake adult. 
• Often, they have the largest amplitude of all waves. 
• Delta waves can be focal (local pathology) or diffuse (generalized dysfunction). 

 

EEG SIGNAL DETECTION: 

In 1924, Hans Berger, a German psychiatrist, performed the first electroencephalographic (EEG) recording 
in humans (Berger, 1929), a discovery that was initially greeted with great skepticism by the scientific 
community. By recording from one electrode placed over the forehead and one over the occipital cortex, 
Berger discovered the existence of rhythmic activity oscillating at approximately 10 Hz, particularly during 
relaxed wakefulness and in the absence of sensory stimulation or mental activity. In this landmark 
discovery, Berger described for the first time what would become known as alpha waves. As a result, Berger 
was among the first to suggest that the periodic fluctuations of the human EEG may be associated with 
mental processes, including arousal, memory, and consciousness. Over the years, developments in data 
collection and analyses transformed EEG into one of the prime techniques for studying the human brain. 
Table 1 summarizes selected landmark discoveries and developments that have contributed shaping the 
EEG field throughout the century. 

EEG SIGNAL ANALYSIS: 
 

The main goal of proposed work is to analyze the EEG signal for the detection of brain abnormalities. This 
system involves the process such as EEG signal pre-processing, feature extraction and classification. The 
modules of the proposed system are:  

• Pre-processing: The raw EEG signal contains some noises that occur due to eye blinking, muscle 
artifacts. These noises affect the edge function of the EEG signals and the structure of the wave 
form. The noises are removed by the discrete wavelet transform which decomposes the full-band 
signal into sub-band signals.   

• Feature extraction: The extraction methods are used to reduce the dimensionality of the features. 
Extracted features represent the characteristics of original signal without redundancy. The features 
can be extracted from the EEG signal in two different domains such as Time domain features (TDF) 
and Frequency domain features (FDF).  

• Feature selection: Feature selection method is the process to select the relevant features by 
eliminating features with little or no predictive information. To find a feature subset that produces 
higher classification accuracy and used to reduce the training time. GA is the process to select the 
relevant features. GA starts with the initial population of individuals, which represents a possible 
solution to optimization problems. 

• Classification: Classification is a data miningtechnique that assigns data in a collection of target 
categories and classes. The goal of classification is to accurately predict the labels for each class in 
the data. 

 

BLOCK DIAGRAM: 



 
 

 

 

 

EXPERIMENTAL RESULTS: 

Appcentral results: 

Meditation Journal keeps track of your meditation, attention, and brainwave recordings in a journal and 
presents them to you in a series of data charts and accomplishments. It provides real time esense value 
line chart and professional Data Analysis Charting Software. Mindfulness is about knowing where we 
are (being in the moment) and also about maintaining an awareness of where we have been (reflection) 
and where we are going (having goals). A meditation journal can help us with all of those areas of 
awareness, helping us to have a more unified awareness of ourselves. 



 
 

 

 

Brain wave sensor in real time 

 

Attention vs. Meditation graph 

 

Matlab results: 

The voltages of attention and drowsiness levels are plotted against time in seconds. Also the voltage values 
when the driver blinks are displayed as numericals along with their corresponding attention levels. 



 
 

 

The cut-off voltage of drowsiness varies from person to person. An average voltage 70uV is obtained after 
experimenting on different drivers. The threshold value is chosen as the average value to detect the 
sleepiness of the driver and to activate the alert system. 

 

  Voltage values of Attention and Blink in Matlab  

 

Attention vs. Blink graph in Matlab 

CONCLUSION: 

In this paper we have given an extensive and critical review on the state-of-the-art of EEG based automatic 
recognition systems. An overview of the neuro physiological basis, which constitutes the foundations on 
which EEG biometric systems can be built, has been given. 
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A B ST R A C T  

Test pattern generation Built-In Self Test (BIST) system is used to carryout testing operation of a circuit. We apply 

input vectors to the circuit based on logic implementation. A sequence of vectors are applied to the dadda multiplier 

circuit as inputs, and outputs can be observed in the examined window. The testing analysis of the Device under test 

(DUT) or Circuit Under Test (CUT) is monitored. The fault conditions and fault free conditions can be observed in 

the normal mode and test mode. The design and clocking analysis of BIST system is analyzed. In this system, Dadda 

multiplier circuit can be used as Device under test (DUT). The vector monitoring system is verified by Modelsim 

simulator, synthesized using Xilinx ISE tool and implemented in Spartan3 FPGA. 

Keywords:Built-in self-test (BIST), Response verifier (RV), Circuit Under test (CUT), Test vectors. 

 

1. INTRODUCTION 

With the advancements in VLSI technology, the speed of digital circuits is growing rapidly. The performance improvement and 
testing issues have become the most analytical challenges for memory manufacturing. Built-in self-test (BIST) is an efficient 
method of design of a circuit used to test the circuit itself.  BIST represents a combination of the concepts of built-in test (BIT) [6] 
and self-test. The related term built-in-test equipment (BITE) refers to the hardware and software integrated into a unit to provide 
BIST or DFT capability. 
 

Built-in self-testBIST [1] technique can be classified into two types, namely off-line BIST, which includes functional and 
structural approaches and on-line BIST, which includes both concurrent and non-concurrent techniques. In on-line BIST, testing 
occurs during normal functional operating conditions, i.e., the Device Under Test (DUT) is not placed into a test condition where 
normal functional operation is stopped. In Concurrent on-line BIST, testing occurs simultaneously with normal functional 
operation. Non-concurrent on-line BIST is a method in which testing is carried out when the system is in idle state. Off-line [7] 
BIST technique carried out, testing a system when it is not performing its normal operating condition. Test data and hardware of a 
DUT are completely controlled by offline-BIST. And the time it takes for testing the DUT is also relatively short. It can be 
applied at the manufacturing, field and operational levels. Detecting errors in real time cannot be done by Off-line testing. Linear 
Feedback Shift Registers (LFSRs) component can be used as most popular  pseudo-random test pattern generation in BIST 
systems. There have the advantage of low hardware. However, for circuits with random pattern vectors, high fault coverage 
cannot be obtained within an acceptable test length. By analyzed the previous techniques, a concurrent BIST architecture is 
developed. 



 
 

 

 

Fig. 1:  CBIST 

 

2. CBIST 

2.1. Device Under Test (DUT) 

In this paper, the dadda multiplier is considered as combinational DUT for testing. A combinational DUT with x input lines can 
generate 2x possible input vectors. The enabling of the RV is controlled by comparing the output of the DUT with that of logic 
block.  

2.2. Concurrent BIST Unit (CBU) 

The device under test circuit and self testing hardware are employed in the same architecture, hence the name Built In Self Test 
(BIST) system. The name concurrent can support simultaneous operations of testing as well as normal functional operation of 
dadda multiplier. No boundary scan or internal scan paths need to be used to a centralized BIST architecture. The logic is 
developed by using decoder and test generator (TG) circuits as shown in the Fig. 2. This system consists of two phases. In the first 
phase, the system is used in the normal mode when the T/N control signal line has logic HIGH value. In the second phase the 
control signal T/N has logic LOW value to operate the system in test mode. During normal operating condition of the system, the 
input vector A[x: 1] shown in Fig. 1 from the multiplexer are transferred to the dadda multiplier circuit (DUT). The response of 
the dadda multiplier circuit can be observed. When the system is in Test operating condition, the inputs to the DUT (denoted by 
d[x:1] in Fig. 1 are fed from TG[x:1].  

2.3Response Verifier (RV) 
 

The response verifier RV compares the value of response verifier generator (rve) from the logic block with the output generated 
by dadda multiplier (DUT). The response of RV tells whether the fault has been occurred or not by generating its True/False T/F 
signal. If the response verifier generates True/False T/F signal logic LOW value that indicates that a fault in the dadda multiplier 
circuit otherwise no fault in the circuit. Since C-BIST have less number of components that indicates low hardware, but the time it 
takes to generate the input vector is more. In the scan methods for testing, test vectors are shifted out serially using scan registers 
to check DUT response, special hardware is needed for Automatic Test Equipment (ATE) systems. 

 

 



 
 

 

 

  Figure 2: BIST Architecture                                 Figure 3: Decoder   
 
3.BISTARCHITECTURE  
  

The input vector [9] sequence of the dadda multiplier that can be used as DUT are divided into two different sequences of sets 
that are indicated with z set of bits and k set of bits respectively, such that z and k together gives the value of x. The k-most 
significant sequence of bits in the input vector is given to the comparator to compare the k-most significant sequence of bits in the 
TG. The system uses a 3x8 size modified decoder denoted as m_dec in Fig. 2. The result from the comparator is given to both 
modified decoder and logic module. The z sequence of bits is given to the modified decoder to generate the response verifier 
generator rve. There are two different cases which prevents the modified decoder for performing its normal function. The first 
case can be when tge is set to logic 1 which enables all the decoder outputs. In the second case, the decoder outputs are disabled 
for a logic LOW value on the TGE and comparator. When tge is logic LOW and comparator output is set to logic HIGH, 
modified decoder module performs its normal decoding function. The True/False T/F signal from the Response Verifier explains 
fault and fault free conditions of the DUT.  

3.1 Dadda Multiplier 
 
In this system 4-bit Dadda multiplier [11] used as the DUT. Normally, the multiplication is carried out by forming partial 
products from the multiplication operation of the multiplicand with each bit in the multiplier. Finally, the product is derived by 
adding all the partial products. In this scheme dadda performs the different process and gets the exact product terms, using the 
AND gates, Half Adders (HA) and Full Adders (FA). 

 
3.1.1 Dadda multiplier partial product Partitioning 
 
A two 8-bit binary numbers a0a1a2…..a7 and b0b1b2…..b7 for the  nby n Dadda multiplier[10], partial products axbyof two n-bit 
numbers  where x, y are ordering from 0,1,….7. The partial products form n rows and 2n-1 columns of a matrix. For each product 
term the numbers are represented as shown in Fig. 4(a). E.g. a0b0 is given as an index 0, a0b1 is the index 1 and so on. For the 
second representation , rearrange the partial product terms as shown in Fig. 4(b). The lengthy column in the middle of the partial 
products PP is the maximum delay in the Partial Product Summation Tree PPST. We break-up the PPST into two parts as shown 
in the Fig.4(c), in which the Part1 and part0 consists of n columns. We proceed the addition of each column to the two parts in 
parallel.  The addition procedure is described in next section. In this,  partial products are partitioned differently part 0 and part1, 
this multiplier operation is different from the other multiplier operations. 
 



 
 

 

 

Figure 4. Partial products separation: (a) Partial product array diagram for 4*4 dadda multiplier, (b) Second Representation, (c) 
Partitioned structure of the multiplier showing part1 and part0. 

 

3.1.2 Dadda multiplier Methodology 
 
Two 4-bit binary numbers, multiplier and multiplicand, those two sequences perform multiplication process. That numbers divide 
equally and 2nd part terms are reversed shown in Fig. 4. Next (2,5) are apply to the HA it produce the S0 and C0,  (3,6,9) are apply 
to the FA it generate S1,C1 then(13,10) are apply to the HA it generate S2 and C2 every time the carry will be generated that 
carry is added to next stage. Then second stage to add (C0, S1) require HA and to add (C1, S2, 7) require FA , next (C2, 14, 11) 
also use FA  all addition operations are performed accordingly. Final stage every two terms to perform carry save adder each time 
the carry will generate and that carry is propagated to next and then added to FA. Finally only first two are HA and remaining all 
are FA’s to get the final product terms p0,p1,p2,p3,p4,p5,p6 and p7  and  partial product terms  shown in Fig 5. Reduction of the 
partial products for the Dadda multiplier shown in Fig. 5 based on the Dadda multiplier implementation shown in Fig. 6, where 
totally four half adders and eight full adders are used. And the product terms are p0 to p7 with carry. Every time the multiplication 
operation is performed through the HA and FA. The position of partial product is denoted by the numerals residing on the HA and 
FA. 
 

 

Figure 5.Reduction of the partial         Figure 6. The Dadda based implementation.products of Dadda multiplier. 

 

  



 
 

 

Chapter 5 4. SIMULATION RESULTS AND ANALYSIS  
Chapter 6  
Chapter 7 Normal mode  
 

Chapter 8 If T/N=1, circuit operates in normal mode, without fault  and upon giving the binary value for multiplicand and  
multiplier is 10101101(10&13), results in direct multiplication  and output  from DUT is 1000010(130) and it  is correct  hence 
RV goes  high as shown in Fig.7(a). 
 

 

Fig 7(a). RV is high in fault free condition 

 

If T/N=1, circuit operates in normal mode, with fault, fault is included in the DUT, then we apply the same inputs but the output 
is 00010010(18) it is wrong then RV shows low as shown in Fig.7 (b). 

 

 

.Fig 7(b).  RV is low in faulty case 

 

 

 

  



 
 

 

TEST MODE 

 

Operation of the circuit:  If T/N=0, it operate in test mode without fault case, we give the binary value 10101101(10&13). In this 
case decoder, comp, TG and logic blocks are activated. Initially 5-bits of TG is all zero’s and the 3-bits of decoder is 0 to7 then 
logic block output can go from 000 to 111and every time logic value is appended to TG value, if logic value is 000 to 111 
completed one bit of TG is incremented, then 8-bits are given to DUT it operate the multiplication operation. EX: initially 
00000000 up to 00000111 one cycle is completed next one bit of TG is incremented 00001000 and it continue  up to 11111111 
are performed the multiplication operation, if output is correct then RV goes  high as shown in Fig.8(a). 

 

 

Figure 8(a). RV is high in fault free condition of Test mode. 

 

Operation of the circuit:  If T/N=0, it operates in test mode with fault case, include the fault in DUT and now by applying the 
same inputs as earlier, to the DUT. It causes RV to go high if output matches with the actual output (i.e. fault free output) , 
Otherwise as shown in Fig.8 (b) gives faulty output, it shows RV low. 

 

Figure 8(b). RV is high and low in faulty condition of a Test mode. 

 

  



 
 

 

HARDWARE IMPLEMENTATION RESULTS USING SPARTAN3 FPGA. 

 

Normal mode operation: The inputs to the FPGA's are 0100(4) and 0010(2) i.e multiplier and multiplicand, cntrl=1, rst=0, load=0 
and output obtained is 00001000(8) which is correct and can be verified by observing RV which is high as shown in Fig.9(a). 

 

Figure 9(a). Normal mode on FPGA 

 

Test mode operation: The inputs to the FPGA's are 0100(4) and 0010(2) i.e multiplier and multiplicand , cntrl=0, rst=1, load=1 
and outputs obtained is 11111111(255) . All the outputs(0 to 255) are shown in test mode with in fraction of seconds but we can't 
observe all the outputs only final output is shown. if the output is correct then RV shows high as shown in Fig.9(b). 

 

Figure 9(b).Test mode on Spartan3   FPGA. 

Fault condition operation: In normal mode rst,load pins are 0 and cntrl pin is 1, inputs are 00111010(3&10)  but the output shows 
00100110(38) which is wrong output and can be verified by observing RV which is not glowing as shown in Fig 9(c). Synthesys 
report and clocking analysis is shown in Table 1. and Table 2. respectively.  

 



 
 

 

 Figure 9(c). Fault 
condition in normal mode.   Table 1: Synthesis report using FPGA. 

 

 

   Table 2: Clocking Analysis  

Chapter 9  
Chapter 10 5. CONCLUSION AND FUTURE SCOPE 
 

Chapter 11 In this paper, test vector monitoring concurrent BIST scheme is designed. Testing operation for the combinational 
circuit dadda multiplier has been implemented. This testing operation is monitored under normal and test mode, the fault and fault 
free conditions have been observed. The simulation results of the system are verified using Modelsim simulator, synthesized 
using Xilinx ISE and implemented on Spartan3 FPGA. This work can be carried on to various sequential circuits. 
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Abstract:Adders are given a fundamental importance in a wide variety of digital systems. Many improvements have been made to reduce 
the architectures of adders. The proposed method aims on Modified Gate diffusion input (MOD-GDI) which is a low power technique to 
design any digital system. This technique has been adopted from (GDI) Gate Diffusion Input - low power digital circuit design technique. The 
Mod-GDI technique which allows in reducing delay, power consumption and area of digital circuits, while maintaining functionality of logic 
design. This project presents the Performance comparisons on low power techniques of basic combinational logic functions and to state 
that the proposed Modified Gate Diffusion Input logic (Mod-GDI) to be more power-efficient than the CMOS logic design. This project also 
presents a novel structure of Carry-Lookahead Adder(CLA) using the primitive gates which are designed by MOD-GDI technique. This 
technique can be used to reduce the number of transistors compared to conventional CLA design. The design of the 8-bit CLA is primarily 
introduced and then the 16-bit CLA is followed. The designs are simulated using Mentor Graphics tool with a supply voltage of 1.8V at 90nm 
Process technology. 

Keywords: Gate Diffusion Input (GDI), Mod-GDI, Low power, Primitive Logic Gates, Carry-Lookahead Adder (CLA ). 

Chapter 12  
1. INTRODUCTION 
 

In the VLSI industry, the low power circuits both arithmetic and logic circuits have become very important .Due to 
the rapid increase in the usage of the portable electronic devices[1] and [2], the VLSI design efforts are mainly 
focused on low power circuits with high-speed computation. In various DSP processors, Adder circuits are the main 
building blocks of the Arithmetic unit. In such processors the certain parameters like power, area, delay time etc are 
to be considered. So the designers are forced to concentrate on meeting up the constraints like high speed , small 
area, high throughput and low power consumption. There are many design styles of adders. Although, the Ripple 
carry adder is the smallest in design among the various adders available. But the computational speed of the ripple 
carry adder is very slow. Carry-Lookahead and Carry-Select Adders [3] are very fast than compared to the ripple 
carry adder. 

 

To reduce the area and power of these such adders, different techniques were used . Some of them are Pseudo 
NMOS [4], Dynamic CMOS, Clocked CMOS logic, Domino logic [4], Pass transistor logic .Although these several 
techniques have been proposed to reduce the power consumption, there were some limitations like increase in 
area, delay time which are not suitable for low priced systems. This project presents the primitive circuits in 
achieving the parameters like low power, with high speed computation and less transistor count by using MOD-GDI 
technique than compared to the conventionally designed circuits. These designs are then combined to form the 
CLA’s of 8-bit and 16-bit.  

This project is organized as follows: Section 2 Reviews the base work. Section 3 Introduces implementation of carry 
Lookaheadadder. Simulation and results are shown in Section 4, followed by theConclusion in Section 5. 



 
 

 

 
2. MODIFIED GATE DIFFUSION INPUT (MOD-GDI) 

 

Modified Gate Diffusion Input (MOD-GDI) is a new technique of low power digital circuit design. This technique is 
adopted from the GDI technique [5]. The MOD-GDI technique is mainly used to reduce the power dissipation, 
propagation delay and transistor count of the digital circuits. Though all these parameters are achieved using the 
GDI technique, the MOD-GDI technique is proposed to overcome some of the major limitations of the GDI technique 
like difficulty in fabrication process and additional circuitry to give inputs to the GDI based circuits. By using this 
technique the combinational logic gates like OR,AND, Inverter and 2 X 1 MUX are designed using two transistors, 
whereas four transistor are used for OR & AND logics and for 2 X 1 MUX the transistor count is 14 using CMOS 
design. Hence the MOD-GDI technique is a useful technique to reduce the area and also for less power dissipation. 

 

Figure1 shows the basic MOD-GDI cell. The MOD-GDI cell is very similar to the basic GDI cell, both consists of 3 input 
terminals G, P and N. In GDI[6] both the substrates of the PMOS and NMOS are connected to the source where as in 
the MOD-GDI the substrate of PMOS is connected to VDD and substrate of the NMOS is connected to the GND.  

 

 

Figure 1:The basic Mod-GDI cell 

 

TABLE I.  Table 1:  Input configurations for different logic functions 
TABLE II.   

N NS P PS G D Function 

0 0 1 1 A Al INVETER 
B 0 0 1 A AB AND 

A 0 B 1 A A+B OR 

Al 0 A 1 B AlB+ABl EX-
OR(basic) 

A 0 Al 1 B AB+AlBl 
EX-

NOR(basic
) 

0 0 B B A AlB FUNCTIO
N 

C 0 B 1 A AlB+AC MUX 



 
 

 

 

Table 1, shows the input configuration of the different functions which are obtained by the basic MOD-GDI cell. The 
inverter input configuration is same for both the CMOS and MOD-GDI technique, so there will be no difference in 
the power dissipation. The remaining functions vary in configuration. The input configuration of the EX-OR and EX-
NOR [7] as given in the table are the basic configuration. In order to get more output swing the configurations were 
modified to achieve better computation. The proposed   EX-OR and EX-NOR gates can be seen in Figure 7and Figure 
8. Table II shows the comparison between four styles [5][8] in terms of transistor count.  

Table 2: Comparison of Transistor Count 

 

 

 

 

 

2.1 Proposed Primitive Gates using MOD-GDI technique 
 

Figure 2 – Figure 9  represents  the proposed designs of primitive gates namely Inverter, 2 input AND gate, 2 
input OR gate, 2 input NAND gate,  2 input NOR gate, 2 input  

 

EX-OR gate, 2 input EX-NOR gate and 2X1 multiplexer using Modified GDI technique. All the proposed designs are 
design at 90nm technology with very low supply voltage of 1.8V and to get minimum area the designs are designed. 

 
2.1.1. Inverter 
 

 

Figure 2:Inverter using Mod-GDI Technique 
 
  

Functions Mod-
GDI 

DPL TG CMOS 

AND 2 7 6 6 

OR 2 7 6 6 

XOR 4 8 8 12 
XNOR 4 8 8 12 



 
 

 

2.1.2. Two input AND gate 
 
 
 

 
 

Figure 3:Two input AND gateusing Mod-GDI Technique 
 
 
2.1.3. Two input OR gate 
 
 

 
Figure 4: Two input OR gateusing Mod-GDI Technique 

2.1.4. Two  input NAND gate 
 

 
 

Figure 5: Two input NAND gateusing Mod-GDI Technique 
 
 
2.1.5. Two input NOR gate 
 



 
 

 

 

 
Figure 6: Two input NOR gateusing Mod-GDI Technique 

 
2.1.6. Two input EX-OR gate 
 

 

 
Figure7: Two input EX-OR gateusing Mod-GDI Technique 

 

2.1.7. Two input EX-NOR gate 
 

 

 

Figure8: Two input EX-NOR gate using Mod-GDITechnique 



 
 

 

2.1.8.  2 X 1 Multiplexer 
 

 

 

Figure 9:2 x 1 MUX using Mod-GDI Technique 

 

Table 3 showsthecomparison of power dissipations among three different design techniques. These proposed 
designs are operated at a low voltage of 1.8V.  The proposed designs are simulated at 90nm technology. From the 
table it is observed that total power dissipation of Mod-GDI designs is very low comparative to all other methods.  

 

These readings of power dissipation were obtained by implementing the gates in the CMOS[9], GDI and MOD-GDI 
techniques  in the Mentor Graphics Pyxis schematic tool. 

TABLE III.   
TABLE IV.   

TABLE V.  Table 3: Comparison of total power dissipation with 
TABLE VI.  respective to all other techniques 

 
 
Primitive 
Gates 

 
Total power dissipation 

CMOS GDI MOD-GDI 
 

INVERTER 8.2774 pw 8.2774 pw 8.2774 pw 

 
AND 39.6428 uw 40.3738 nw 6.5160 pw 

 
OR 44.0824 uw 40.3738 nw 6.5160 pw 

 
NAND 0.1641 uw 48.5046 pw 14.7934 pw 

 
NOR 1.9706 uw 48.5046 pw 14.7934 pw 

 
XOR 85.1884 uw 96.6106 nw 13.0320 pw 

 
XNOR 85.7694 uw 49.9776 nw 21.3099 pw 

 
2X1 MUX 42.7019 uw 37.7952 nw 6.5160 pw 

 



 
 

 

Table 3 clearly shows that ,using MOD-GDI technique the total power dissipation has decreased drastically when 
compared with CMOS and GDI techniques. Not only the power dissipation but also the transistor count was also 
decreased resulting the optimized and area efficient combinational logic designs were obtained . 
 
 
3. Proposed Carry-Lookahead Adder(CLA) 

 

When we discuss about adders, the Ripple carry adders are the basic adders which comes to count. The limiting 
factor of the Ripple carry adder is the time taken to propagate the carry.  This limitation is overcome by the carry 
Lookahead 

adder by calculating the carry in advance, according to the input values given to the adder. Thus it results in reducing 
the propagation time of the carry. To understand how the carry look ahead adder[10] works, let us manipulate the 
Boolean expression dealing with the full adder. 

 

In a full adder the propagate P and generate G is given as: 

 

Pi = Ai⊕ Bi     (1)  

Gi =Ai. Bi       (2)  

 

Equations  (1) and (2) gives carry propagate and carry generate respectively.Note that both propagate and the 
generate signals will depend on the input bits given and will be valid only after one gate delay. 

 

The final expressions for the Output sum and carryout are given by: 

 

Si= Pi⊕Ci-1      (3) 

 

 Ci+1= Gi + Pi*Ci       (4) 

 

These equations show that carry signal will be generated only in two cases: 

1.  If both bits Ai and Bi are 1 

2.  If either Ai or Bi is 1 and the carry-in Ci is 1. 

3.1 Design of Carry look ahead adder 

 
Let us now apply these equations to design  carry look ahead adder of  8-bit initially and then followed by 16-bit. By using 
the primitive gates i.e. AND,OR and EX-OR gates we can design the CLA. For the 8-bit CLA we need the all 8-bit circuits 



 
 

 

of  AND, OR and EX-OR. There are three stages to implement the CLA. In the first stage entering the input value of Ai 
and Bi in binary form.It  also consists XOR gate (with input Bi and Cin) .The second stage is to generate Pi and Gi signals. 
It consists of ANDgates and XOR gates. The output signals from this level are P’s and G’s signals. In the third stage the 
generation of Ci signals as defined in expression (4). The output signals Ci come from ORingGi and the outcome from 
ANDingCi-1 and Pi. This level consists of OR and AND gate. In the fourth stage , the generation of the sum signals Si. 
XOR gates are valid in this level and the output value is shown in binary form at the output. Thus we obtain the design of 
the 8-bit carry Lookahead adder as shown in the Figure 10. 
 

3.1.1.  8- bit Carry Lookahead Adder 

 

 

Figure 10:  8- Bit Carry Lookahead Adder using Mod-GDI 

Technique 

 

The inputs to this 8- bit Carry Lookahead Adder is given as follows as shown in Figure 11. By cascading  the  two 8-bit 
carry lookahead adder blocks we can obtain the 16-bit CLA. 

The cascading of the two 8-Bit CLA blocks are as shown in the Figure 12.Thus we obtain the 16-bit CLA and  the 
tested results are shown in the next section. 



 
 

 

 

 
 
 

Figure 11: Inputs given to the 8-bit carry-lookaheadadder. 
 

 

 

Figure 12: Design of 16-bit carry- lookaheadadder. 
 
The cascading of the two 8-bits is done by wiring the output C9 pin of the first 8-bit CLA to the Cin of the second 8-bit 
CLA. This 8-bit CLA also acts as a subtractor if the inputs to the ZERO and Cin  are given high . Thus we can also 
implement a carry lookahead adder/subtractor. 
 

4. Results and Analysis  
 

Figure 13-14  shows the simulation results of the proposed  

8-bit CLA and the 16-bit CLA.An  example for testing the functionality of both the circuits are taken . The results are 
obtained as follows when the inputs are given as : 

 



 
 

 

A[7:0]=11111110   B[7:0]=11111111. The expected output is to be as A+B = 111111101.The output is obtained in the 
wave forms as follows when the inputs are given as in the Figure 11. 

 

 

 

 

Figure 13: Output waveforms of the 8-bit carry-lookahead 
adder for the given example. 

 

 The output waveforms in Figure 13, first two waveforms are  of  1’s and 0’s which are given as the bits to A[7:0] and 
B[7:0]. The outputs are S[7:0]. The outputs obtained from the waveform is equal to the expected result which is 
stated before i.e. S[7:0]=111111101. So the Functionality of the 8-bit CLA is verified. 

 

Similarly the 16-bit CLA also gives the perfect functionality as 8-bit CLA. The inputs given to the 16-bit CLA are 
A[15:0]=1111111011111110 , B[15:0]=1111111111111111 

The expected output is A+B = 11111111011111101. 

 



 
 

 

 

Figure 14: Output waveforms of the 16-bit carry-lookahead 
adder for the given example. 

 

The output waveforms in figure 14 gives the expected output 
as S[15:0]=11111111011111101 for the given inputs as stated above. Thus the functionality of the 16-bit CLA is also 
verified. 
The transistor count and the power dissipation of these 8-bit and 16-bit CLA’s are tabulated in table 4 and are compared 
with the CMOS design. 
 

Table 4: Comparison oftotal power dissipation of 8-bit and 

16-bit CLA’s in CMOS and MOD-GDI techniques. 

 

 

CLA 

             CMOS           MOD-GDI 

Transistor 

count 

Total 
Power 

dissipation 

Transistor  

    count 

Total Power 
dissipation 

 

8-bit 

 

432 

 

3.0027mw 

 

144 

 

469.148pw 

 

16-bit 

 

864 

 

6.0055mw 

 

288 

 

938.296pw 



 
 

 

 
Thus the MOD-GDI technique can be used for the combinational digital circuits in order to achieve very low power 
dissipation and also the area can be optimized than compared to the existing. 
 

5. Conclusions 
 

The MOD-GDI technique was proposed and verified with CMOS and GDI techniques. There were some disadvantages in 
CMOS and GDI techniques like transistor count ,power dissipation which are common in both and the other disadvantage 
in the GDI technique is occurred during the fabrication . All these disadvantages are overcome by the MOD-GDI 
technique. Also the full swing is achieved through this technique. The primitive gates are implemented using the MOD-
GDI technique and the comparisons with the other techniques are also shown. 
 

The implementation of the Carry-lookaheadadder(CLA) both the 8-bit and the 16 –bit were presented using the 
MOD-GDI technique. The future research activities may include the integration of the proposed CLA in Complex 
digital circuits like ALU, and other combined sequential and combinational logic designs. 
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Abstract: Authentication-locking and tracking system(ALTS) is used to prevent people from accessing systems such 
as vehicles, objects in ware houses, arms and mobile communication systems  in security services of an authorized 
user,so that they are not misused. In this project, the system is embedded with an electronic based Tracking and 
Locking Unit (TLU). This unit locks the system when the RFID tag is not authenticated and transmits the information 
of the system to a Mobile Unit (MU) and Control Station (CS), which will continuously monitor a system and report 
the status of the system. The GPS technology is used to identify the current geographical position on earth. GPRS in 
LTU establishes a communication link with MU and CS. GPRS transmits the data of GPS to MU and CS, and also 
transmits RFID data if necessary. It also receives data from MU and CS. This unit is very useful to reduce the theft 
and misuse of thing. 

Keywords: FRDM-KL25Z Microcontroller, GPS/GPRS Modem, RFID Module, Locking Mechanism. 

6. Introduction 
 

Authentication-Locking and Tracking System (ALTS) is a security system used to help the people to authenticate 
and track the system in order to avoid the misusing of their system. The user of the system should be authorized 
before using the system the user data is stored in the tag and also the RFID unit, so that the user can be authorized 
to use the system. If there is any missing the user system can be tracked.  

There is a positioning system which is used to locate the exact position of the system where it is located. The GPS 
(Global Positioning System) is used to send the exact location by the frame format. So the position can be 
continuously monitored by the monitoring station i.e.; Mobile unit. As the data can be sent using GPRS (General 
Packet for Radio Service). The data is send to the monitoring station by the wireless technology. The GPS tracking 
system is used to send the information about the user system continuously or in some time difference based on the 
requirement of the tracking.  

 
7. Proposed system 

 
2.1 Methodology: 

In this proposed method the system is embedded with an electronic based Authentication Locking and Tracking 
Unit (ALTU). This unit consists of a GPS and GPRS modem for tracking and also the RFID module for authentication. 
This system transmits the information of the weapon to a Mobile Unit (MU) and Control Station (CS). MU is a hand 
held device to track and lock the weapon, relies on information received from ALTU. The CS takes care about all the 
information of the ALTS. 

The authentication of the system is done by the RFID (Radio Frequency Identification System), The system consists 
of the information about the user in the RFID tag. If the information present in the tag is valid and the security 



 
 

 

system will allow the user to use the system and in case of the invalid information is detected by the ALTU unit then 
the system will be in the locked position so the system cannot be used by the user and immediately the GPS 
information is send to the monitoring station for tracking the system.   

 
 
Block Diagram: 
 
 
 

 
 
 

FIG: Block Diagram of Authentication-Locking and Tracking System (ALTS). 

8.  
9. Hardware Implementation 

 

3.1 Processor: 

The microcontroller MKL25Z128VLK4 is used in this project. It is a free scale microcontroller which consists of the 
ARM Cortex M0+ core with high processing speed and low power consumption controller. The MKL25Z128VLK4 
controller supports various serial communication protocols, 128 KB of flash, On board RGB LED, a 3-axis digital 
accelerometer and a capacitive touch slider also works under 48MHz operating frequency. This micro controller is 
interfaced with the GPS/ GPRS Modem, RFID module and the Micro Servo motor with Locking Mechanism. 

3.2 GPS and GPRS MODEM:  

 GPS:The Global Positioning System (GPS) is a satellite-based navigation system which is used to locate the current 
position on earth, the GPS data is in the NMEA frame format which consists of the latitude, longitude, date, time and 
speed. 

GPS data: 

$ GPRMC, 061114.000, A, 1732.459377, N, 07823.084075, E, 9.592, 143.3,201014, , , A*65 

This is the NMEA frame format which shows the exact position on earth which consists of the latitude and 
longitude positions. The GPRMC frame format is transmitted to the CS and the MU along with the IMEI number of 
the modem and also the RFID TAG information if required which is used for authentication. 



 
 

 

GPRS: The General Packet Radio Service (GPRS) provides actual packet radio access for Global System for Mobile 
Communications (GSM) and Time-Division Multiple Access (TDMA) users. 

The module consists of both GPS and GPRS. The module has Low power consumption, Quad band 850 / 900 / 
1800 / 1900 MHz, The GPS engine can also be powered down based on the usage of the module. Best in class 
acquisition and tracing sensitivity and Power supply is from 3.2v to up to 4.8v. 

GPRS establishes the connection with the MU and CS. GPRS transmits the GPS data to the server system i.e.; CS 
and the mobile unit i.e.; MU at the same time through the established TCP/IP connection between the ALTU and the 
server. 

3.4 RFID module:   

RFID (Radio Frequency Identification) is the wireless use of electromagnetic fields to transfer data. RFID consists of 
the reader and the tag.  

Reader is nothing but an interrogator or scanner that sends and receives data from the Tag via antenna. 

Tag is a silicon microchip also known as transponder which contains electronically stored information. 

The RFIDmodule is integrated to the microcontroller and when the valid tag is detected the reader will send the 
tag information to the reader for the process. The tag does not need any line-of-sight for detection and also can be 
camouflage within the military personnel. So that there will be no loss of tag. 

The module is an ultra-small, 2 port, 500mW EPC Class 1 Gen 2 reader/writer module (ISO18000-6C protocol).  
Efficient power supply with 2.0-5.5V, Supported host interfaces include USB, TTL level RS232, SPI, I2C.  

In this project the Tag consists of the information regarding the user/ owner of the system. User Name, User ID, 
System Information, IMEI No etc. 

3.6 Locking Mechanism:  

The Micro Servo motor and the Locking System is used to lock the system from accessing. The gear of the servo 
motor is inserted in to the groove of the locking mechanism. The micro servo motor is given a pulse according to the 
detection of the tag, if the tag is detected by the RFID reader then the required pulse is transmitted to the servo 
motor and the gear of the motor will be rotated and the locking mechanism will set the system open and the system 
is used for accessing by the authorized user.  

If the tag is not detected by the RFID reader then the required pulse is transmitted to the servo motor and the 
gear of the motor will be rotated in the anti clockwise direction and the locking mechanism will set the system 
closed and the system will be under locked condition and cannot be used. 

  



 
 

 

4. Flow Chart: 

 

FIG (4.1): Flow diagram for the working procedure of the ALTU 

 

 

The flow chart shows the process how the ALTU system works. When the RFID tag is detected the system checks 
for the valid user id and maps the user information then the system is allowed to use by the user. If the tag is not 
detected the system is locked and tracked using GPS. 

 

  



 
 

 

5. Result: 

5.1 Hardware of ALTU 

 

 

FIG (5.1): Authentication Locking and Tracking Unit. 

The Hardware of ALTU consists of the micro controller interfaced with GPS and GPRS module including the RFID 
reader for authentication. The locking unit consists of the motor for locking and unlocking the user system.  

 

5.2 Server output 

 

FIG (5.2): GPS data received at the server 

The GPS data is received at the server located at control station. The exact position is located by using the data 
acquired at the server it consists of the latitude and longitude position including with date and time. 

 

  



 
 

 

5.3 Locating Position at Server 

 

 
 

FIG (5.3): Mapping the GPS data received at the server. 

The figure shows the exact position of the mobile unit and the ALTS unit. 
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Abstract--Wireless sensor network has paved its significance into various applications. Although manual 
monitoring of water quality has been done, it requires a lot of labour, time and equipment. So there is a 
need to develop a robust and reliable smart system where a real time monitoring of water quality at 
different water distribution tanks is done all the while. This paper presents a prototype of an in-situ water 
quality monitoring that can be deployed at different water distribution tanks at every instant of time. In 
this work three nodes has been designed and deployed at preferred locations. Each node consists of Sensor 
unit, Raspberry pi, XBee module and Relay with motor. These nodes are connected to form a network and 
routing of data is done. ZigBee protocol is preferred as it is low power, reliable and also transfer of data 
over large distances is possible. The data obtained from the remote nodes to server station is placed in 
MySQL database and compared with the standard values. If   the value does not meet standard values then 
pumping of water to that corresponding distribution tank is stopped. 

Index Terms: Wireless Sensor Network, MySQL, ZigBee, Raspberry pi, XBee 

1. INTRODUCTION 
Industrialization and urbanization in India have caused heavy environmental pollution. Most of the 

surface water had been polluted due to the environmental influence. Providing better quality drinking 
water to public is also a challenge due to pollution in the ground water and contamination even during 
distribution. Thus, it is very necessary to have adequate methods and equipments for water protection, and   
drinking water quality measurement   is an important aspect for the purpose. 

The protection of public health is an imperative and the potential of millions of severe effects from 
water contamination is not unrealistic. There is a need of In-situ monitoring, instant collection and 
calibration of data rather than manual collection of samples and testing. Previously wireless sensor 
network has been adopted for various applications. 

• Wireless sensor network has been implemented for smart homes and multi hop communication is 
done using Dijkstra Algorithm [1]. 

• A wireless sensor network based on ZigBee/IEEE 802.15.4 is implemented as weather station network 
sending weather information and disaster alerts [2]. 

• An efficient vehicle health care system uses Wireless sensor network for railway monitoring 
applications [3]. 

There has been a great progress in the research and study of wireless communication to develop 
wireless sensor zone using the sensor node consisting of sensors, processor board and transceiver. The 
main objective of this work is to implement water quality measurement system in a predefined wireless 
sensor zone using ZigBee technology. Application of wireless sensor network (WSN) for a water quality 
measurement comprises of a number of sensor nodes with a networking capability that can be deployed 
for continuous monitoring purpose. The parameters involved in determining the water quality   such as the 
pH level, Turbidity and Dissolved Oxygen etc. are measured in the real time by the sensors that send the 
data to the base station or control/monitoring system where the data gets logged into database. 
Appropriate measures will be taken based on the sensor data obtained from the remote node. A reliable 
and most effective way of Serial Interface (API) for ZigBee communication is selected for the data transfer 
[4]. 

Wireless Sensor Network consists of wireless nodes which   are deployed at specific places in an 
area. In this one node acts as a coordinator and the remaining acts as either router or End point. Each node 
consists of sensors which measure different quality parameters of water such as pH, DO (Dissolved 



 
 

 

 

Oxygen), Turbidity, conductivity   interfaced to Raspberry pi B+ board to which XBee  module  PRO is 
interfaced . The data processed from different sensors of various nodes   is routed to coordinator in the 
form of packets through XBee module using serial communication. The sensor data is extracted from the 
packet and data is logged into a database. This data is monitored and further action is taken based on 
measured values.  

2. IMPLEMENTATION OF WIRELESS SENSOR NETWORK(WSN) 

For proper communication among the nodes in a network, a sophisticated   node is to be developed. 
The node in a network can be a Coordinator, Router or End Device as explained in Section II. This node 
in a network composed of both hardware unit and software unit. 

2.1 Hardware Implementation of Wireless Sensor Network 

There are some prime components that together make up a node. Coordinator contains only 
microprocessor unit and transreceiver. Router or End Device consists of sensor unit, microprocessor unit, 
transreceiver, control unit. The control unit in this work is relay with motor. Each unit has been explained in 
briefly as follows 

1) The sensor unit: The sensor unit consists of varied sensors which are used to calibrate the water quality 
parameters such as Dissolved oxygen, pH, Turbidity and conductivity. Salinity, specific gravity, Total 
dissolved solids   parameters can be calculated from the values of conductivity. These sensors are 
interfaced to microprocessor using different internal serial communication protocols. pH circuit is 
interfaced to Raspberry pi using serial Interface and conductivity through I2C (Inter integrated circuit). 
Sensors of Turbidity and Dissolved Oxygen are interfaced through SPI (serial peripheral Interface). 

2) Microprocessor unit:It  is an ARM based computer of BCM2835 40 pin SoC, 700 MHz Low Power 
ARM1176JZFS Applications Processor integrated with Dual video core processor  and  512 MB SDRAM. It 
draws a power of range 600milliAmperes to 2Amperes at 5volts.The raspberry pi is loaded with Raspbian 
OS (operating system).  The data from sensors is processed by raspberry pi and   placed in the data field of 
frame packet and sent to the server by transreceiver [7]. 

3) Transreceiver: For wireless communication, XBee PRO series2 [8] modules are used. Series2 modules 
shown in Fig. 1 provide a long range communication at low power consumption. It transfers data at the rate 
of 250kbps with frequency 2.5GHz and supports mesh network which is the preferred topology for this 
project. XBee modules are available in a various protocols and frequencies. Among them, ZigBee protocol 
with 802.15.4 standard is preferred as it was developed with lower data rate, simple connectivity, mesh 
routing functionality and onsite programmability. The XBee RF modules are fixed on an interface board 
which is connected to Raspberry pi through a logic-level asynchronous serial port as shown in Fig. 3 and Fig. 
4. The data processed by the Raspberrypi is transmitted through these modules to coordinator shown in 
Fig. 4.   

 

 



 
 

 

 

Fig.  1. XBee PRO S2B Module[9] 

 

 

 

 

 

 

 

 

Fig.  2. Block diagram of a Node 

4)Relay:The Relay is an electromechanical switch actuated by electrical current. In this work relay is 
connected to the DIO1 pin of XBee module as shown in the Fig. 2 which allows switching of motor. 
Whenever a command is sent to the node whose address is indicated in the frame by the server, the 
DIO1 pin to which motor is connected through relay is made ON or OFF based on the command 
received. So further pumping of water to the tank is avoided if any contamination is detected at any of 
the nodes. 

 

 

Fig.  3. Block diagram of Coordinator 
Fig. 4 shows nodes deployed in at different tanks of our college, VNRVJIET. The power supply to the 

node is provided by solar panel.  The voltage required by the node is 5volts and overall current 
consumption is 2Amperes but Solar panel is of 20volts and 2.3Amperes. So a voltage regulator of 5volts and 
2Amperes is used between solar panel and Raspberry pi. 



 
 

 

 

 

Fig.  4. Nodes deployed at different tanks 

 

Fig.  5. Coordinator setup 

Fig. 5 shows the set up at the coordinator. The values obtained from the different nodes are received by 
the coordinator. 

 

2.2 Software Implementation of Wireless Sensor Network 

Software is categorized into system software and application software. System software used here 
is Raspbian OS which is loaded into raspberry pi. It is a Debian based optimized free operating system for 
the Raspberry Pi hardware. For implementation of XBee serial communication API, packages of XBee 
written in python are available with easily accessible features. For Data storage into MySQL, python-driver, 
self contained MySQL connector is installed. Data logged is placed in the table created in a database. Fig. 6 
shows the flow of data in the node that can be either endpoint or router. The data from the different 
sensors are processed by the processor, concatenated and placed in the data field of an API packet and 
send to the nearest router possible or directly to the coordinator based on the address present in the 
address field.  It also checks if any command is received from the coordinator and takes the command.   



 
 

 

 

 

Fig.  6. Flow chart at Node 
Fig. 7 shows the flow of data on the coordinator (server) side. The data obtained from different nodes is 
received by the server and that data is stored in a table created in MySQL database and compared with the 
standard values. If they do not meet the standard values then a command to stop the motor to the 
corresponding address of the node is sent. 

 

 

Fig.  7. Flowchart of a Coordinator 
 

2.3 OVERVIEW OF ZIGBEE TECHNOLOGY 
ZigBee is an open global standard built on the IEEE 802.15.4 MAC/PHY.  A network layer above 

802.15.4 layers is defined by ZigBee to support advanced mesh routing capabilities.  Coordinator, router 
and end device form a basic ZigBee Network Topology. They are explained as follows. 

A.Coordinator 

It plays an important role in selecting a channel and PAN ID (Personal Area Network Identifier) to start the 
network. It  allows routers and end devices to join a network, assist in routing data and buffer data RF 
packets for sleeping end device children. But it should be mains powered and cannot sleep.  



 
 

 

 

B. Router  

It joins ZigBee Personal Area Network (PAN) before it can transmit, receive or route data. It allows other 
routers and end devices to join the network and assist in routing data. It buffer RF data packets for sleeping 
end device children. Like Coordinator, router should also be mains powered. 

C. End Device  

It must join a ZigBee PAN before it can transmit or receive data through its parent. It cannot allow devices 
to join the network and can enter low power modes to consume power and can be battery powered. 

The XBee modules support both transparent and API (Application Programming Interface) serial interfaces. 
For this work API format is chosen. It has the following features: 

• It is easy to manage data transmissions to more than   one destination. 

• Received data frames indicate the sender’s address. 

• Advanced ZigBee addressing support. 

• Solve networking problems of remote nodes. 

• Remote configuration. 

D. API Frame 

It requires that communication among the nodes be done through a structured interface. The API 
shown in Fig. 8 specifies how commands, their responses and module status messages are sent and 
received between the modules using a UART Data Frame.  

 

 

 

 

 

 

 

 

 

Fig.  8. API Frame Format[6] 
Any data prior to the start delimiter is ignored.  If the frame is not received correctly or if the 

checksum fails, the module frame will indicate the nature of failure with a module status. The length field 
has a two-byte value which defines the number of bytes that will be contained in the frame data field. It 
does not include the checksum field. The cmdId (command ID) frame (API Identifier) indicates which type of 
API messages will be contained in the cmdData (command Data) frame. To test data integrity, verification 
and calculation of checksum is done. For Transmit frame, an address field to which data to be sent is also 
present [5].  

 

  

 



 
 

 

 

3. EXPERIMENTAL RESULT 

A reliable network at a lab scale with mesh routing is formed. Nodes are placed at different water 
distribution places.  Real time monitoring of water was done by collecting the data samples of water 
parameters at regular intervals of time and sending them to server. Fig. 9 shows the values obtained at a 
node. 

 

Fig.  9. Values at Node 
Fig. 10 shows the packet which is received at the coordinator. According to WHO standards , the pH 

value range should be in  6.5 to  8.5 and that of  Total dissolved solids (TDS) is 500(mg/l).The conductivity 
standard value is 600µmhos/cm  and for  Dissolved oxygen, it  is 5.0(mg/l)[10].  

 

Fig.  10. Values at the Coordinator 
 

 

Fig.  11. Data logging in to the Database 



 
 

 

 

The values are extracted and placed in a database as shown in Fig.  11. These values of two rows are 
tabulated in the   Table 1 

TABLE1  
PARAMETER VALUES OF A DATA SENT IN THE DATA FIELD OF RECEIVED PACKET 

D
O 

Turbi
dity 

Electrica
l 

Conduct
ivity 

TDS Salini
ty 

Speci
fic 
Gravi
ty 

p
H 

8 120 1182 638 0.58 1.000 7 

8 116 1181 638 0.68 1.000 7 

These values are compared with the minimum permissible values. If the values fall beyond the permissible 
levels, a packet with command frame id is sent to the corresponding address of node to OFF the motor. 

4. CONCLUSION 

Wireless Sensor Network for water quality measurements is established successfully. The 
hardware and software which is used is also explained in a detailed manner. Raspberry pi B+, an ARM 
based processor is used for accomplishing the task. For wireless communication, XBee PRO series2 RF 
modules are used. Software coding   is done in a scripting language, python. For communication 
between the remote nodes, a wireless technology, ZigBee is chosen as it is low power, provides   high 
data rate and supports larger network formation. Instead of Asynchronous AT Interface, Synchronous 
API Interface is used to avoid the loss of data, to make the node communicate each other, to allow the 
coordinator to discover and control all the nodes in the network. The nodes are also controlled using 
API command mode. This prototype can be used at small scale level in households to control the 
pumping of water to avoid its contamination. 

5. FUTURESCOPE 

Further tasks include power optimization for communication and processor board, to achieve 
overall water parameters within usage of minimum of sensors. The accuracy of the sensors should be 
calculated by comparing the measurements obtained from them with the measurements obtained 
from standard sensors. Enhancement of the network to further wide area by using one of the efficient 
routing algorithms is necessary to monitor more number of nodes. Coding should include discovery of 
nodes, repairing of channels, failure/route discoveries which can be achieved by making use of 
predefined commands available. Proper communication among nodes depends on the orientation of 
them and on environmental conditions. 
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Abstract----A human voice has many features of which pathological voice is one of the features. A pathological 
voice is the presence of abnormality in the speech. The variations in these pathological voices differentiate 
hypertension and hypotension. The speech sample with higher blood pressure has higher variation in the 
frequency of the speech and vice-versa. The hypertension (high blood pressure) is a state where the heart pumps 
the blood at a higher rate through the arteries which can increase the accumulation of fatty plaques and increase 
the risk of heart attack. Hypotension (low blood pressure) on the other side can drive a person to unconscious 
state. The paper proposes a model for non-contact method of stress level indication of a person. The feature 
extraction includes calculation of MFCCs. The kmeans algorithm has been used for clustering the data set and 
for codebook generation. An overall accuracy of 83% is achieved through the model developed by us 

 

Index Terms---Hypertension, Hypotension, Mel-frequencyCepstrum coefficients, kmeans algorithm, pathological voices. 

1. INTRODUCTION 

The Voice production is the result of interactions of body parts that resonate. When a person breathes in, the airs 
through the vocal tract enters the vocal cords and vibrate them at different frequencies during expiration [8]. All 
parts of the body play specific roles in voice production and maybe responsible for the variations of the speech. 
The human voice can be affected by various parameters. The pressure exerted by the blood on the walls of blood 
vessels will also affect the voice. The larynx consists of muscles that are surrounded by the blood vessels. The 
amount of pressure exerted on the walls of the blood vessels will have a finite effect on the muscles. These are 
known as micro muscle tremors (MMT), which in turn produce some sort of variations in the speech [4].  
 

The main idea behind this paper is to distinguish the pathological voices from the normal voices based on the 
Mel frequency Cepstrum coefficient feature vectors. Further the paper focuses on how to detect stress level by 
classifying the pathological voice.With the increase in the demand for non-contact based monitoring tools our 
research helps in designing a simple tool which can be used to detect the stress level by recording the speech 
from the patient using a microphone and may be economical. Hence this paper tries to classify these levels and 
indicate the state of a person. Speech analysis offers unique advantages which include user convenience that 
makes it an efficient technology to develop. Human voice has many features like jitter, shimmer, noise to 
harmonic ratio (N/H), autocorrelation (A/C), Mel frequency Cepstrum coefficients (MFCC) etc. 

 
The speech for each stress level differs in many parameters such as frequency, MFCCs and this variation can 

be clearly differentiated. For instance considering the sample with the high stress level has higher variation in 
the frequency compared to the normal speech level. The difference is shown in figure 1. 

 

Fig 1 (a) 



 
 

 

 

After the features are extracted they are classified using different algorithms available such as dynamic time 
wrapping (DTW), hidden markov model (HMM), artificial neural network (ANN) and kmeans classification [1]. 
Hence our paper uses Mel frequency cepstrum coefficients for featureextraction and kmeans algorithm for 
classification. 

 

                                     Fig 1 (b)                                                                                                                   Fig 1 (c) 

 Fig 1: The variations in the frequency of speech sample having a) low stress b) high stress and c) normal speech 

2.  SOFTWARE IMPLEMENTATION 

2.1 Block Diagram of the System 

The complete process of classification system is depicted in Figure 2. The entire process is divided into 
training and testing phase. 

 

Figure 1.Block diagram of the system 

In the training phase, the input sample is read into the system buffer and the features extracted are Mel 
frequency Cepstrum coefficients (MFCCs). 

A. Mel frequency cepstrum coefficients  
Mel Frequency Cepstral Coefficients (MFCCs) are a feature widely used in speech processing applications. 

The MFCCs are proved more efficient. The calculation of the MFCC includes the following steps. 

1. Windowing:A speech signal changes continuously, so to simplify things an assumption is made that on short 
time scales the audio signal does not change much. The input signal is thus divided into frames of 20-40 ms 
duration [3]. If the frame is much shorter, enough samples will not be available to get a reliable spectral 
estimate, if it is longer the signal changes too much throughout the frame.The speech sample is multiplied with 
the hamming window represented by the equation (1). 
 
 

𝑊𝑊(𝑛𝑛) = 0.54 − 0.46 cos(2π��(n/N)) (1) 

 



 
 

 

 

 
Where  
‘n’ represents magnitude of the sample at that instant  and ranges from 0 to N 
‘N’ represents width of the frame in terms of the samples  
2. Discrete Fourier transforms (DFT):The speech signal is analysed in frequency domain more accurately and 
therefore the signal is converted into frequency domain using cosine transforms. Considering the mathematical 
computations involved in DFT a similar approach know as Fast Fourier transforms are used which is given by 
the equation (2). Equation (3) is called as twiddle factor. 

 
X(k) = ∑ x(n)WN

nk     N−1
n=0  

 

𝑊𝑊𝑁𝑁 = 𝑒𝑒−𝑗𝑗
2𝜋𝜋
𝑁𝑁  

 
 3. Mel scale wrapping:MFCCs are generally a set of coefficient which represents a particular cosine 
transformation of the real logarithmic frequency onto Mel-frequency scale. The approximate formula to 
compute the Mel’s for a given frequency f in Hz is given by equation (4) 

𝑚𝑚𝑒𝑒𝑙𝑙(𝑓𝑓) = 2595 ∗ 𝑙𝑙𝑜𝑜𝑔𝑔10(1 + (𝑓𝑓/700)) 

Where ‘f’ is the frequency to be approximated to the Mel scale 

 
Fig 3: Mel filter bank 

4. Discrete cosine transform(DCT):The tranformed signal has to be reconstructed into the original speech 
sample. This reconstruction is possible using DCT.The MFCC process is decribed in the figure 4. 
 
 
 
 
 
 
 
 
 

Fig 4: MFCCs feature extraction flow graph 
 

After the feature vectors are extracted for input speech sample the MFCC feature vectors are subjected to 
kmeans clustering and codebook generation using vector quantization. 
 
B.  Classification Using Kmeans Algorithm 

K-means is one of the simplest unsupervised learning algorithms [8]. The procedure follows a simple 
and easy way to classify a given data set through a certain number of predefined clusters k.  

• The first step is to define k centroids 
• The next step is to take each point belonging to a given data set and associate it to the nearest 

centroid.  
• When no point is pending, the first step is completed and an early clustering is done. At this point we 

need to re-calculate k new centroids of the clusters resulting from the previous step. 
• After these k new centroids, a new binding has to be established between the same data set points 

and the nearest new centroid.  
• This is continued until no more changes are done in the allocation of the data points i.e., the centroids 

do not change. 
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In this experimentation, the number of centroids used are K=3. The euclidean distance is calculated using the 
formula given in equation (5). 
 

𝑑𝑑 = |𝑚𝑚 − 𝑦𝑦| = ��|𝑚𝑚𝑖𝑖 − 𝑦𝑦𝑖𝑖|2

𝑛𝑛

𝑖𝑖=1

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig 5: kmeans algorithm 

3. EXPERIMENTAL RESULT 
 A monitoring system which uses speech as input for indicating stress level of the person has been 

developed. The system uses MATLAB environment for analysing the speech samples. In training phase, the 
MFCCs feature vectors were extracted with 39 parameters which include 13 MFC coefficients, 13 delta 
coefficients and 13 delta-delta coefficients.  
 

 
 

Fig 6: Cepstrum represntation of the input speech samples 
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The features thus extracted are shown in figure 7. The subplot 1 shows speech waveform.The subplot 2 shows 
the cepstrum representation of the speech sample that indicates normal stress level.the subplot 3,4 represents the 
cepstrum of the speech samples with low and high stress levels respectively. The variation in these cepstrums 
can be seen clearly.The feature vectors thus obtained  were clustered using kmeans algorithm.In testing phase, 
the test sample is applied to the system. The feature vector is calculated for the input test sample.The minimum 
distance between the codebook generated in the training phase and in the testing phase will result in the stress 
level of the input speech sample. Figure 9 shows the simulation results of the speech sample which indicates the 
high stress level. 

 
Fig 7: shows the kmeans clustering of the training data and the test sample.legends: green-normal, blue-

high,red-low,black-tesr sample 
 
 

 
 

Fig 8: Simulation results showing the test sample identified as high stress 

4. CONCLUSION 
 The paper brings out an approach to identify the stress level of a person using speech. The MFCC 

feature vectors are calculated and the vectors are clustered using kmeans algorithm. An accuracy of 83% was 
obtained. Furthermore different algorithms can be used to increase the accuracy of the system. 
 
 

5. FUTURE SCOPE 
Acoustic voice analysis can be used to characterize the pathological voices. The parameters are directly related 
with acoustic properties of speech.one of the considerations in the acoustic analysis would be speaking rate of 
the person which refers with respect to the stress level. Furthermore hybrid models like Gaussian mixture 
models and hidden markov models can be used for improving the accuracy of the system 

 
  



 
 

 

 

REFERENCES 
 

[1] A. A. Khulage, Prof. B. V. Pathak, Analysis of speech under stress using  linear techniques and  non- linear techniques for emotion 
recognition system. 

[2] Abdelwadood Mesleh1, Dmitriy Skopin1, Sergey Baglikov2,     AndAnasQuteishat, nov. 2012 Heart Rate Extraction from Vowel 
Speech Signal, Journal of computer Science and technology 27(6): 1243{1251. 

[3] Bageshree V. Sathe-Pathak, Ashish R. Panat, July 2012Extraction of Pitch and Formants and its Analysis to Identify 3 different 
emotional states of a person, IJCSI International Journal of  Computer Science Issues, Vol. 9, Issue 4, No 1. 

[4] Clifford S. Hopkins,Roy J. Ratley,Daniel S. Benincasa,John J. Grieco, 2005 Evaluation of Voice Stress Analysis Technology, 38th Hawaii 
International Conference on System Sciences. 

[5] Li Dong, august 2011 Time series analysis of jitter in sustained vowels, ICPHS XVII regular session hong Kong, 17-21 

[6] MireiaFarrús, Javier Hernando, PascualEjarque,Jitter and Shimmer Measurements for Speaker Recognition. 

[7] GuojunZhou,John H. L. Hansen, James F. Kaiser, march 2001,Nonlinear Feature Based Classification of Speech Under Stress ieee 
transactions on speech and audio processing, vol. 9,no. 3. 

[8] Saloni, R. K. Sharma And Anil K. Gupta , 2014,Classification of High Blood Pressure Persons Vs Normal Blood Pressure Persons Using 
Voice Analysis, IIJSP, 1, 47-52 

 
 
 
Authors 
 
 
 

V.Naveen Kumar was born in Andhra Pradesh, India in 1983. He is working 
as Project Engineer at Research and Consultancy Center (RCC) in VNR 
VignanaJyothi College of Engineering & Technology (VNRVJIET), 
Hyderabad, Andhra Pradesh, India. He is Completed M.Tech in Embedded 
systems in 2009 from VNRVJIET and B.Tech in Electronic & 
Communication Engineering from AZCET, JNTU Hyderabad. He has four 
years of research experience. His interests include Wireless sensor networks, 
Embedded Systems, RFID, Microprocessors & controllers. He has two patents 
in wireless stream. 
 
 

K.SonaliSwaroopcompleted M.Tech in embedded systems at vnr-vjiet from 2013-2015. 
She  
got B.Tech degree from Vignan’s institute of management and technology for women in 
2013.Her 
current interests include Embedded Systems, Speech processing, real time operating 
systems and  
Robotics. 

 
 

 

 
VNR VIGNANA JYOTHI INSTITUTE OF ENGINEERING & TECHNOLOGY 

Bachupally, Nizampet (SO), Hyderabad 500 090 
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING 

 
Best Projects for the Academic Year 2015-16        Batch: 2012-2016 

 

 

 



 
 

 

 

S.NO H.T.NO NAME OF STUDENT  PROJECT  TITLE GUIDE NAME PRIZE 

1 

12071A0559 
12071A0553 
12071A0521 
12071A0548 
 

VIVEK VARMA NADIMPALLI 
TSALIKI KARTHIK CHOWDARY 
GUNTI SHIRDI SAIBABA 
S MD ALI AZAD 

EFFICIENT 
PREDICTION OF A 
DISEASE USING DATA 
MINING TECHNIQUES 

B.V.KIRANMAYEE I 

2 

12071A05B8 
12071A0577 
12071A0597 
13075A0522 
 

VEMULA RAJIV NETHA 
DHARAVATH MAHIPAL 
MARRAPU SANDEEP NAIDU 
R SHIVA KUMAR 
 

PERFORMANCE AND 
ENERGY EFFICIENCY 
OF HADOOP 
DEPLOYMENT MODEL 

N.SRAVANI II 

3 

12071A0525 
12071A0512 
12071A0526 
12071A0513 

KAMINENI SAI SREE 
CHELDHI LAVANYA 
KASUKURTI RAVITEJA 
CHERALA RUTHVIK CHANDRA 
DEV 

MOBILE APPLICATION-
IMAGE PROCESSING 
SOLUTION FOR 
ATTENDANCE TAKING 
PROCESS 

P.RADHIKA III 

4 

12071A05B3 
12071A05A4 
12071A0588 
12071A0564 

SUCHITRA REDDY C 
NYALAKONDA REVANTH 
KODI VISHAL 
BHOGIREDDY SAI SARATH 

AUGUST FEST 
 N.ANUSHA IV 

5 

12071A0510 
12071A0545 
12071A0554 
13075A0504 

CHADALAVADA NIKHILESWARI 
PEDDAMALLU GAYATHRI 
VAISHNAVI DAVULURI 
G RAM CHANDAR 

ENSURING 
DISTRIBUTED 
ACCOUNTABILITY FOR 
DATA SHARING IN THE 
CLOUD 

SANDEEP 
CHAITANYA V 

6 

12071A0571 
12071A0562 
12071A0563 
13075A0520 

CHAMAKURA SAI KIRAN REDDY 
ATMURI LOKESH 
AVINASH POLURU 
V SOUJANYA 

SOCIAL 
RECOMMENDATION 
WITH CROSS DOMAIN 
TRANSFERABLE 
KNOWLEDGE 

M. GANGAPPA VI 

 

 

          HOD-CSE 



 
 

 

 

Efficient algorithm to detect Brain Tumor 
 

Vivek Varma N.  Karthik Chowdary        Sai Baba G.             Ali SMD 
(12071A0559)  (12071A0553)         (12071A0521)        (12071A0548)

   
Under the Guidance of: Mrs. B.V.Kiranmayee 

INTRODUCTION: 
Data mining is an analytic process designed to explore detailed search of consistent patterns and systematic 
relationships between variables and then to validate the findings by applying the detected patterns.                                          
This project involves working on a disease dataset using classification algorithms which analyse the input data 
and to develop an accurate description or model for the dataset. Coding three classification algorithms, 
comparative study of their efficiency, accuracy of decision taken on the dataset and give an account of the best 
algorithm that fits with the data . 
PURPOSE:The main intention of this project is to predict whether the person has a malignant or benign brain 
tumor. 
 
AIM:The main aim of the project is to develop a Series of test cases that test accuracy of classification algorithm 
in anticipating disease. Project deals with the classification algorithms and their analysis over the Brain Tumor 
data set. 
 

 
 

 
 

CONCLUSION : SVM TURNED OUT TO BE EFFICIENT OVER THE NAÏVE BAYESIAN AND NEURAL 
NETWORKS.NON LINEAR SVM OR KERNEL SVM CORRECTLY CLASSIFIED THE BRAIN TUMOR AS 

EITHER MALIGNANT OR BENIGN, WHEREAS NAÏVE BAYESIAN ALGORITHM HAS SOME 
MISCLASSIFICATIONS AND NEURAL NETWORKS COULD ONLY DO SO BY INCREASING THE NUMBER 

OF HIDDEN LAYERS. 
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INTRODUCTION: 
The exponential growth of scientific and business data has resulted in the evolution of the cloud computing and 
the Map Reduce parallel programming model. Cloud computing emphasizes increased utilization and power 
savings through consolidation while Map Reduce enables large scale data analysis. The Hadoop framework has 
recently evolved to the standard framework implementing the Map Reduce model. In this paper, we evaluate 
Hadoop performance in both the traditional model of collocated data and compute services as well as consider 
the impact of separating out the services. The separation of data and compute services provides more flexibility 
in environments where data locality might not have a considerable impact such as virtualized environments and 
clusters with advanced networks.. 
 PURPOSE :The main intention of this project is to compare the Performance and Energy Efficiency of Hadoop in 
both Traditional and Alternative Model. 
 
AIM :The main aim of the project is to deploy Hadoop in System and create physical clusters. Here, we clusters 
are Virtual Machines or Servers. We compare the Performance of this System with Hadoop Deployed in Cloud 
with Virtual Clusters. 



 
 

 

 

 
 

 
 

 
 



 
 

 

 

 
 

 
 

CONCLUSION : PERFORMANCE ON PHYSICAL CLUSTERS IS SIGNIFICANTLY BETTER THAN ON 
VIRTUAL CLUSTERS. PERFORMANCE DEGRADATION DUE TO SEPARATION OF THE SERVICES 

DEPENDS ON THE DATA TO COMPUTE RATIO. OUR FUTURE ENHANCEMENT INCLUDES CLUSTERING 
TECHNIQUE TO MINIMIZE EXECUTION TIME WHICH IS ACHIEVED BY APACHE SPARK. 
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INTRODUCTION: 
Attending class regularly is one strategy to maintain satisfactory academic progress. This needs regular marking 
and maintenance of attendance of all the students in an institution. It plays a vital role in evaluating the 
performance of students over time.  
Every institute has its own method in this regard. Some take the attendance manually using a paper or file based 
approach and some have adopted methods of automatic attendance using some biometric techniques. There are 
many automatic methods available for this purpose like biometry, iris detection etc. 
1.2. PURPOSE: The main intention of making this application is to reduce the time taken in a class for taking the 
attendance. Using our application this attendance taking process can be completed in 2-3 minutes. We thereby 
are trying to make an android app and put it in Google Play Store. 
 
AIM: The main aim of this project is to develop an android app that comes to handy for the faculty who can’t 
afford spending more time in taking the attendance. 
2.1. EXISTING SYSTEM: Here the existing system is a manual system where the faculty calls out the roll 
numbers and marks their attendance. There are many chances of marking faulty attendance either intentionally 
or unintentionally. At times, faculty needs to cross check for the correctness of the marked attendance which is 
again a time consuming task. 
2.2. PROPOSED SYSTEM: The proposed system consists of an android device with internet connectivity and a 
camera that captures the images of the students sitting in the classroom and sends it to the image enhancement 
module. In the image enhancement module, images are enhanced so that matching can be performed easily. 
After enhancement, the image comes in the Face Detection and Recognition modules. In the Detection module, 
all the faces present in the image will be identified. These identified images will be sent to Recognition module 
where they are matched with the already existing faces from the database and then the list of students present 
will be displayed. 

 

CONCLUSION: OUR SYSTEM ELIMINATES ANY POSSIBILITY OF PROXY AS WELL KEEP RECORD OF 
ATTENDANCE OF STUDENTS IN A WELL MAINTAINABLE MANNER. THE OVERALL SYSTEM IS 

RESPONSIBLE FOR ATTENDANCE OF STUDENTS. THIS SYSTEM REDUCES THE WORK LOAD ON 
FACULTY. THE ADDED ADVANTAGE IS THAT IT IS MORE RELIABLE AND THE APPROACH IS 

ECOFRIENDLY AS IT REDUCES PAPERWORK. IT TAKES LEAST AMOUNT OF TIME.  
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INTRODUCTION: The August Fest is India's Largest Startup Conference That Celebrates Arts & 
Entrepreneurship. With over thousands of tech brains sharing their ideas and initiatives on the global platform. 
The IOS application involves various aspects about each module subdivided to each personal profile, it also 
contains the schedule, young people with great ideas, agenda of the project as the other module, speakers , 
venues aconstitute the other sub modules as well. 

 
PURPOSE: The main intention of making this application is to render the user all the possible information of 
august fest that would help him to know the details of the conference and details of the speakers. We thereby are 
trying to make a IOS application and put in in IOS store. 



 
 

 

 

PROPOSED SYSTEM: This application gives access to the august fest social feeds, agenda, events details, 
registration process, speakers information , venue details, pictures and videos. 
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Under the Guidance of: Mr.N.Sandeep Chaitanya 

1.1.INTRODUCTION: CLOUD computing presents a new way to supplement the current consumption and 
delivery model for IT services based on the Internet, by providing for dynamically scalable and often virtualized 
resources as a service over the Internet. Details of the services provided are abstracted from the users who no 
longer need to be experts of technology infrastructure. Moreover, users may not know the machines which 
actually process and host their data. While enjoying the convenience brought by this new technology, users also 
start worrying about losing control of their own data. The data processed on clouds are often outsourced, leading 
to a number of issues related to accountability, including the handling of personally identifiable information. Such 
fears are becoming a significant barrier to the wide adoption of cloud services 
1.2. PURPOSE: The purpose of this project is to remove users’ fear of losing control of their own data as it can 
become a significant barrier to the wide adoption of cloud services.  
2.1. EXISTING SYSTEM: To allay users’ concerns, it is essential to provide an effective mechanism for users to 
monitor the usage of their data in the cloud. Conventional access control approaches developed for closed 
domains such as databases and operating systems,are not suitable, due to the following features characterizing 
cloud environments.Data handling can be outsourced by the direct cloud service provider (CSP) to other entities 
in the cloud and theses entities can also delegate the tasks to others, and so on. Entities are allowed to join and 
leave the cloud in a flexible manner. As a result, data handling in the cloud goes through a complex and dynamic 
hierarchical service chain which does not exist in conventional environments. 
2.2. PROPOSED SYSTEM: We propose a novel approach, namely Cloud Information Accountability (CIA) 
framework, based on the notion of information accountability. Unlike privacy protection technologies which are 
built on the hide-it-or-lose-it perspective, information accountability focuses on keeping the data usage 
transparent and trackable. Our proposed CIA framework provides end-to-end accountability in a highly distributed 
fashion. One of the main innovative features of the CIA framework lies in its ability of maintaining lightweight and 
powerful accountability that combines aspects of access control, usage control and authentication. By means of 
the CIA, data owners can track not only whether or not the service-level agreements are being honored, but also 
enforce access and usage control rules as needed 
 

 

CONCLUSION:We proposed innovative approaches for automatically logging any access to the data in the cloud 
together with an auditing mechanism. Our approach allows the data owner to not only audit his content but also 
enforce strong back-end protection if needed. Moreover, one of the main features of our work is that it enables 
the data owner to audit even those copies of its data that were made without his knowledge 
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INTRODUCTION: 

A social networking service is a platform on which users can create and adopt different types of items 
such as web posts (e.g., articles and tweets), user labels, images, and videos. The huge volume of items 
generates a problem of information overload. Traditional web post recommendation approaches suffer from data 
sparsity (i.e., limited interaction between users and web posts) and the issue of cold start (i.e., giving 
recommendations to new users who have not yet created any web posts). The social connections and multiple 
item domains found in social networks provide an unprecedented opportunity to alleviate these issues in real 
applications. 
 
1.2. PURPOSE: We reconsider the representation of social networks and propose a star-structured graph, where 
the social domain is at the center and is connected to the surrounding item domains. 
AIM: The main aim of this project is to develop a social network that helps us in recommending the best product 
by considering all the user reviews. 
 
2.1. EXISTING SYSTEM: One common type of approach to recommendations, known as collaborative filtering 
(CF) techniques, characterizes users’ latent features independently with user-item interactions in a single item 
domain. Similarly, the type of approach provided in, does not consider the question of multiple domains. 
However, users’ characteristics relate both to social connections and to different user-item interactions. 
 



 
 

 

 

2.2. PROPOSED SYSTEM: The value of the cross-domain link1 weight represents how often a given user 
adopts a given item, while the value of the within-domain link2 weight in the social domain represents the tie 
strength between users. Tie strength can refer to homophily, circle-based influence, or social trust. Users are 
more likely to have stronger ties if they share similar characteristics. Cross-domain links reflect users’ 
characteristics in different ways. 

 
 

 
ARCHITECTURE 

CONCLUSION: we addressed the problems of data sparsity and cold start in social recommendation. We 
reconsidered the problem from the transfer learning perspective and alleviated the data sparsity problem in a 
target domain by transferring knowledge from other auxiliary social relational domains. By considering the special 
structures of multiple relational domains in social networks, we proposed an innovative HRW method on a star-
structured graph, which is a general method to incorporate complex and heterogeneous link structures. 
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ABSTRACT 
          The project titled “AN INTRUSION DETECTION SYSTEM NEAREST NEIBOURS 

AND COMBINING CLUSTERS”, deals with the major objective to design and analyze the 

suitability of Gaussian similarity measure for intrusion detection. The objective is to use this 

as a distance measure to find the distance between any two data samples of training set such 

as DARPA Data Set, KDD Data Set. This major objective is to use this measure as a distance 

metric when applying k-means algorithm. The novelty of this approach is making use of the 

proposed distance function as part of k-means algorithm so as to obtain disjoint clusters. This 

is followed by a case study, which demonstrates the process of Intrusion Detection. The 

proposed similarity has fixed upper and lower bound. 



 
 

 

 

The approach of intrusion detection using text processing has been one of the research 

interests among researchers working in the area of network and information security. We 

perform an extensive survey on Intrusion detection using text mining techniques and validate 

the suitability of various kernel measures published in the literature. We finally come out 

with the research directions in intrusion detection which have not been much concentrated in 

the literature. 

The major objective of this project is to detect intrusion by designing and validating 

suitability of dimensionality reduction techniques and come out with a new approach. 

  



 
 

 

 

1. INTRODUCTION 

The purpose of intrusion detections systems (IDSs) is to monitor networks or systems with 

the express purpose of identifying and responding to suspicious activity. In this chapter we 

will learn about the concepts and basics of intrusion detection systems. The major objective is 

to design and analyze the suitability of Gaussian similarity measure for intrusion detection. 

The objective is to use this as a distance measure to find the distance between any two data 

samples of training set such as DARPA Data Set.  

The Intrusion Detection is the process of acquiring or an unauthorized attempt, to acquire the 

rights over computing resources or information resources. Now a day Intrusion Detection is 

becoming an alarming problem. Research in this area is started many years back and there 

were significant improvements in the intrusion detection process. 

1.2 Aim of the project: 

This major aim is to use this measure as a distance metric when applying k-means algorithm. 

The novelty of this approach is making use of the proposed distance function as part of k-

means algorithm so as to obtain disjoint clusters. In this approach, two distances are 

measured and summed, the first one based on the distance between each data sample and its 

cluster center and the second distance is between the data and its nearest neighbor in the same 

cluster. 

1.3 Significance of the Work:  

Internet is a global public network. With the growth of the Internet and its potential, there has 

been subsequent change in business model of organizations across the world. More and more 

people are getting connected to the Internet every day to take advantage of the new business 

model popularly known as e-Business. Internetwork connectivity has therefore become very 

critical aspect of today's e-business. 

There are two sides of business on the Internet. On one side, the Internet brings in 

tremendous potential to business in terms of reaching the end users. At the same time it also 

brings in lot of risk to the business. There are both harmless and harmful users on the 

Internet. While an organization makes its information system available to harmless Internet 

users, at the same time the information is available to the malicious users as well. Malicious 

users or hackers can get access to an organization’s internal systems in various reasons.  



 
 

 

 

The following reasons are, 

1. Software bugs called vulnerabilities 

2. Lapse in administration 

3. Leaving systems to default configuration 

The malicious users use different techniques like Password cracking, sniffing unencrypted or 

clear text traffic etc. to exploit the system vulnerabilities mentioned above and compromise 

critical systems. Therefore, there needs to be some kind of security to the organization’s 

private resources from the Internet as well as from inside users as survey says that eighty 

percent of the attacks happen from inside users for the very fact that they know the systems 

much more than an outsider knows and access to information is easier for an insider. 

2. Proposed Work 

The consensus based computing approach has been applied in various application 

areas which aims at using more than one algorithm or procedure, distance measures to 

address the respective problems. Since the chosen dataset has already defined the number of 

classes, and the intrusion detection is also a classification problem, we may choose to cluster 

the chosen dataset into a number of clusters equal to the number of class labels. In this paper, 

the objective is to use the k-Means clustering method to cluster the chosen dataset into a 

number of clusters equal to the number of class labels. We may directly cluster the training 

set or alternatively choose perform feature selection followed by dimensionality reduction 

and the n apply K-means clustering over this reduced dimensionality. 

2.1   Dimensionality Reduction of Training Set for Intrusion Detection  

We follow the approach in [20] for dimensionality reduction. However, instead of 

using the conventional k-means algorithm, we choose to apply the modified K -means 

algorithm which uses the Gaussian based distance measure to find the similarity between data 

samples when forming the clusters. This is where the novelty of our approach starts with. In 

this approach, we reduce the dimensionality of the training set by first applying a suitable 

clustering to  a number of clusters equal to a number of known class labels. Since the 

intrusion data sets have labeled attacks, we can decide the number of clusters to be obtained. 

The better choice is k-means clustering algorithm as it clusters the input to the pre-defined 

number of clusters.  



 
 

 

 

After, obtaining the clusters, the next step is to find the distance between each training 

data sample and all the cluster centers. This is the first distance value computed. In addition 

to this for every data sample with in a cluster, we find its nearest neighbor within that cluster 

by selecting the pair of minimum distance. This is these distance value the two distances are 

added to get a single distance. Now each data sample is mapped to a single distance value 

instead of the data sample expressed as a function of system call attributes when performing 

text mining based intrusion detection. For example, if we consider the purpose of clustering, 

we must specify the number of clusters equal.  

2.2    Distance Measure for K-means: 

In this section, we discuss the distance measure used as part of the k-means clustering 

algorithm. We use the Gaussian function as the distance measure to find the distance between 

any two samples of training set.  

2.3    Gaussian Function: 

We consider the Gaussian function based distance measure to find the similarity b etween the 

data samples of the intrusion dataset. We use the same distance measure and apply k-Means 

algorithm to cluster the data samples. For the purpose of dimensionality reduction, we use the 

k-means clustering technique to obtain clusters using the proposed distance function and 

then, to find the distance between each training data sample and each of the cluster centroids. 

This is further followed by finding the nearest neighbor for every data sample within the 

cluster. These two distances are summed to get a new distance value. This distance value 

becomes singleton feature for each training data sample. Thus each data sample of the 

training set is mapped to a single feature value reducing the dimensionality to 1. 

We consider the Gaussian function based distance measure to find the similarity between 

processes of the intrusion dataset. 

We define function G(x, µ, σ), given as 

G(x,µ,σ)=�
𝐞𝐞−(𝐱𝐱−µ𝛔𝛔 )𝟐𝟐  ; one or both system calls exist  

 𝟎𝟎          ; none o f the system calls exist
                                          (1)� 

Where 

x = system call being considered 

μ = mean of the system call w.r.t data samples present in the cluster 



 
 

 

 

s= standard deviation of the system call considered w.r.t data samples of the training 
set. 

The denominator of IDSIM is given in Equation.2 as shown below: 

H(x,µ,σ)=�1   ; one or both system calls exist
0   ; none o f the system calls exist

�                                                    (2) 

 
The average similarity is the ratio of G(x; μ; s) and H(x; μ; s) and is represented as given by 
Equation 3. 

𝑚𝑚 = 𝐆𝐆(𝐱𝐱; 𝛍𝛍; 𝐬𝐬)
𝐇𝐇(𝐱𝐱; 𝛍𝛍; 𝐬𝐬)

                                                        (3) 

 
The average similarity considering the distribution of all features hence is defined as the 
ration of G(x; μ; s) and H(x; μ; s)which is reduced to Equation.4 as given below. 
 

 𝐹𝐹𝑎𝑎𝑣𝑣𝑔𝑔 = ∑ 1𝑖𝑖=𝑛𝑛
𝑖𝑖=1 ∑ 𝑒𝑒−

�𝑚𝑚−µ
𝜎𝜎 �

2
𝑠𝑠=𝑚𝑚
𝑠𝑠=1
∑ 1𝑠𝑠=𝑚𝑚
𝑠𝑠=1

                                               (4) 
   
The similarity function is represented as given by  
 

IDSIM = (1+Favg)/2                                                             (5) 
 

Where indicates the ith data sample. Syndicates the system call. IDSIM indicates the 
similarity function. We may define distance value as 
 

Dist. = 1−IDSim                                                                   (6) 

Thus, when we need the actual distance we can subtract the ID value obtained from one 

value. Such that it results in a singular value which defines the approximate distance to be 

considered when needed. 

  



 
 

 

 

4.  RESULTS AND DISCUSSIONS 

Proposed system has certain advantages such as being objective, improvable, and being 

cheaper when the personnel training costs are considered. As a microscopy diagnosis tool, it 

requires stained blood samples (i.e. smear) and a digital camera mounted microscope, with an 

additional computer. Once the samples are collected they are uploaded into the tool and the 

results are obtained which indicate the presence or absence of malaria. 

 

  
Test Data Prediction 

  



 
 

 

 

5. CONCLUSION AND FUTURE SCOPE 

Limitations include the constraints and drawbacks involved in the project and future 

enhancements gives the information about the future scope of the project. 

5.1 Limitations: 

Despite the wide popularity of the ordinary K-means algorithms, there are some 

significant defects that have led to development of numerous alternative versions during the 

past years  

• Sensitivity to initial configuration. Since the basic algorithms are local search 

heuristics and K-means cost function is non-convex, it is very sensitive to the initial 

configuration and the obtained partition is often only sub optimal (not the globally 

best partition).  

• Lack of robustness. As the sample mean and variance are very sensitive estimate 

against outliers. So-called breakdown point is zero, which means that one gross 

errors may distort the estimate completely. The obvious consequent is that the k-

means problem formulation is highly non-robust as well. 

• Unknown number of clusters. Since the algorithm is a kind  ”flat” or ”non-

hierarchical” method , it does not provide any information about the number of 

clusters. 

•  Only spherical clusters. K-means presumes the symmetric Gaussian shape for 

cluster density functions. From this it follows that a large amount of clean data is 

usually needed for successful clustering. 

• Handling of nominal values. The sample mean is not defined for nominal values. In 

order to solve the previous problems many variants for the original versions have 

been developed. 

• k-means assume the variance of the distribution of each attribute (variable) is 

spherical. 

• all variables have the same variance. 

• the prior probability for all k clusters are the same, i.e. each cluster has roughly equal 

number of observations. 

• Handling Empty Clusters: One of the problems with the basic K-means algorithm 

given earlier is that empty clusters can be obtained if no points are allocated to a 



 
 

 

 

cluster during the assignment step. If this happens, then a strategy is needed to 

choose replacement centroids, since otherwise, the squared error will be larger than 

necessary. 

• Outliers: When outliers are present, the resulting cluster centroids (prototypes) may 

not be as representative as they otherwise would be and thus, the SSE will be higher 

as well. 

• In k-means to get better clustering we have to reduce the SSE that is most difficult 

task. There are various types of clustering methods available which reduces the SSE. 

5.2 Future Enhancements: 

The software architecture contains number of functions and modules. Among all the 

functions in the software some functions are necessary and some are not according to their 

importance and functionality. To properly classify the categories of the modules given 

approach had been suggested in the earlier times among all the suggested approach clustering 

is the most efficient technique for clustering the similar type of functions. In the previous 

work, genetic algorithms had been applied for clustering the similar type of data.  

To increase accuracy of the function clustering new technique will be proposed to 

efficiently cluster the functions according to their importance. To cluster same type of 

functions as they are valuable or not, the clustering K-mean algorithm will be applied. The K-

mean algorithm will efficiently cluster the functions according to their importance because in 

k-mean clustering we know number of functions in the software and according to that we can 

define number of clusters for k-mean clustering.  

In future, this approach is considered, and then the performance of K-means 

clustering algorithm is improved for large samples of data set that are also distributed in 

nature. For a given input in which attacks and non attacks are present and perform clustering, 

can reducing it to single value and perform same operations on DARPA attacks each folder 

and then compare both if same then it displays most similar then some attacks and non 

attacks exists these attacks are added to input folder and again perform the same operation 

with next folder in DARPA attacks we stop this operation until all folders finished and one 

knowledge base folder is created which classify the process Normal or Abnormal. 

6. CONCLUSION 



 
 

 

 

This project presents a novel feature representation approach that makes use of 

Gaussian similarity measure in K-Means Algorithm. The k-means algorithm is widely used 

for clustering data. But this algorithm does not always give good results, because the 

accuracy and efficiency of the resulting clusters depend on the selection of initial centroids. 

This algorithm ensures the clustering of data in less time without sacrificing the accuracy of 

clusters. The results do not depend on the ordering of data and computational efforts are 

minimized by using the threshold value. Our experimental results show that the proposed 

algorithm produces better results than that of k-means algorithm. 

The measure designed is Gaussian function based distance measure. The k-Means 

algorithm is chosen for clustering using the proposed distance measure to cluster both the 

training and testing data samples. The training and test datasets are transformed to single 

dimensional feature with the use of k-Means and the proposed distance measure. The 

significance of the proposed distance measure is that, it considers the distribution of the 

system calls behavior over the entire training samples. This makes the computation accurate, 

even in binary form. 

The distance measure used in K-Means i. e, Euclidean distance ,cosine distance has some 

drawbacks regarding the upper bounds of the values and hence may not give the desired 

results for all the kinds of data. There is a chance of comparatively similar elements forming 

into two different clusters in the initial stage and there may also be a chance of outlier 

formation. To overcome all these conditions, we tried to implement Gaussian function instead 

of Euclidean and tried to form clusters, expecting accurate cluster with more similarity. 

Based on the clusters formed by such process, classification of the data has to be done and the 

intrusion must be detected. 
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ABSTRACT 

Malaria is a mosquito-borne infectious disease of humans and other animals caused by 

protests of the genus plasmodium. According to World Health Organization (WHO), it causes 

more than one million deaths arising from approximately 300 to 500 million infections every 

year. Although there are many popular techniques, manual microscopy examination of the 

blood films also called the “gold standard method” for malaria diagnosis. However, this 

method requires special training and expertization it is not reliable screening method when 

performed by non-experts due to lack of training especially in rural areas. 

Contemporary malaria diagnosis techniques basically depend on microscopic analysis of 

Giesma-smeared thin and thick films of blood. However, this method is very long, tedious, 

and prone to error.  Keeping the above limitations, in this project we proposed an automated 

computer aided diagnosis system using Machine Learning methods. This approach is to solve 

the key issues in malaria parasite detection in thin blood smears. Although improved 

significantly diagnostic accuracy process with microscopic methods. Finally we reduce the 

malaria morbidity and mortality. Based on this analysis, malaria parasites in an image can be 

identified. 

  



 
 

 

 

1. INTRODUCTION 

Malaria is a life-threatening disease caused by parasites that are transmitted to people through 

the bites of infected female Anopheles mosquitoes. In 2015, 95 countries and territories had 

ongoing malaria transmission, About 3.2 billion people – almost half of the world’s 

population – are at risk of malaria.  Malaria is preventable and curable, and increased efforts 

are dramatically reducing the malaria burden in many places. Between 2000 and 2015, 

malaria incidence among populations at risk (the rate of new cases) fell by 37%. Five species 

of plasmodium can infect and be transmitted by human whereas the majority of deaths are 

caused by falciparum and vivax plasmodium. Species diagnose is necessary for proper 

treatment in case of malaria. Microscopic blood image analysis is a standard technique used 

for blood cell analysis for diagnosing, however in remote area, a delay in obtaining results 

may lead to incorrect initial treatment due to unavailability of early diagnosis system. 

2. Proposed Work 

The first step involved in the project is to collect the blood samples from different diagnostic 

centers. Later the sample needs to be analyzed. There are three major steps of analyzing 

malarial parasite infected images. 

● Image Pre Processing 

● Ostu’s Binarization 

● Segmentation 

● Feature Extraction 

● Classification 

2.1 Image Preprocessing 

The aim of preprocessing is to obtain images with low noise, high contrast than original 

images for the further processing. Due to camera calibration and staining variability of blood 

smear, changes may occur in illumination and color distribution of blood images. This 

particular problem poses difficulties for classification of blood cells since it is hard to deal 

with proper segmentations of objects with quite similar colors. This process contains two 

operations image enhancement and noise reduction.  

2.2 Segmentation 



 
 

 

 

Segmentation is the analysis of automatic classification of malarial parasite procedures, the 

most important and difficult part is segmentation of malaria parasite infected blood cells from 

the background and other cells because the blood cells are often overlaid with each other and 

is the basis of quantitative analysis of its deformability and hence its filterability. Cell shapes, 

light variation and noise are the other factors that make segmentation a difficult task. 

Accurate segmentation allows fruitful result in sub-sequent levels. Malarial parasite lies in 

erythrocytes thus we need to segment the erythrocyte form the blood images. We have used 

Thresholding algorithm for background and foreground segmentation.  

The choice of thresholding technique is crucial in Binarization. Several thresholding 

algorithms have been investigated and proposed to define the optimal threshold value. Results 

of these two methods then compared in their performance to determine the threshold value. 

Threshold technique segment scalar images by generating a binary partitioning of the image 

intensities. A thresholding technique tries to find an intensity value, called the threshold, 

which separates the desired classes. 

 

Fig.1.Proposed Flow Diagram 

Working Procedure: 

Step1: Read in the Color Image and Convert it into Grayscale 



 
 

 

 

I = imread([pathname,filename]); 

figure, imshow(I); title('selected image'); 

I = imresize(I,[200,200]); 

gray = rgb2gray(I); 

 

Fig.2 Gray Scale Image 

 

Step2: Use the Otsu’s thresholding as the Segmentation Function 

This type of thresholding is global thresholding. It stores the intensities of the pixels in an 

array. The threshold is calculated by using total mean and variance. Based on this threshold   

value each pixel is set to either 0 or 1. i.e., background or foreground.  

level = graythresh(I); 

img = im2bw(I,level); 

figure, imshow(img);title('Otsu Thresholded Image'); 

 

Fig.3. Otsu Binarization 



 
 

 

 

Step 3: Mark the Foreground Objects 

A variety of procedures could be applied here to find the foreground markers, which must be 

connected blobs of pixels inside each of the foreground objects. In this example you'll use 

morphological techniques called "opening-by-reconstruction" and "closing-by-

reconstruction" to "clean" up the image. These operations will create flat maxima inside each 

object. Opening is an erosion followed by a dilation, while opening-by-reconstruction is an 

erosion followed by a morphological reconstruction. 

Step4: Use K-Means Clustering for Segmentation 

K-Means algorithm is an unsupervised clustering algorithm that classifies the input data 

points into multiple classes based on their inherent distance from each other. The algorithm 

assumes that the data features form a vector space and tries to find natural clustering in them. 

The points are clustered around centroids µi ∀ i = 1…..k which are obtained by minimizing 

the objective. 

ab = double(lab_he(:,:,2:3)); 

nrows = size(ab,1); 

ncols = size(ab,2); 

ab = reshape(ab,nrows*ncols,2); 

nColors = 1; 

          
[cluster_idxcluster_center]=kmeans(ab,nColors,'distance','sqEuclidean','Replicates',1); 

   

         Fig.4. Means Clustering      Fig.5 Segmented Image 

 



 
 

 

 

2.3 Feature Extraction 

Feature detection, feature extraction, and matching are often combined to solve common 

computer vision problems such as object detection and recognition, content-based image 

retrieval, face detection and recognition, and texture classification. Since the chosen features 

affect the classifier performance, selection of feature which is to be used in a specific data 

classification problem is as important as the classifier itself. The features which give 

predominant difference between normal and infected cells are identified and used for training 

purpose. This stage is about choosing suitable parameters which adequately describes the 

information of the image. Features can be obtained directly from images e.g., raw image pixel 

values or they could be derived quantities such as average image intensity, image histogram 

moments, shape signature and object area. 

2.4 Classification 

There are various parametric and non-parametric classification techniques, which can be used 

in the classification of the selected features. The parametric techniques assume that data 

distribution is in a particular form (e.g. normal distribution) and search for parameters which 

fit the data to distribution optimally. Here, we have employed Support Vector Machine 

Classifier for diagnosis of malaria. The classification rules are generated by the training 

samples themselves without any additional data. The SVM is a good tool for data analysis 

and classification and it is used for two or more class classification problems. 

Classifier Name Accuracy (%) 
SVM (Linear SVM) 92% 

KNN (Fine KNN) 82% 

Ensemble (Boosted Trees) 86% 

Table.1.Comparison of SVM with other classifiers 

4. RESULTS AND DISCUSSIONS 

Proposed system has certain advantages such as being objective, improvable, and being 

cheaper when the personnel training costs are considered. As a microscopy diagnosis tool, it 

requires stained blood samples (i.e. smear) and a digital camera mounted microscope, with an 

http://in.mathworks.com/products/computer-vision/features.html�
http://in.mathworks.com/discovery/object-recognition.html�
http://in.mathworks.com/discovery/face-recognition.html�


 
 

 

 

additional computer. Once the samples are collected they are uploaded into the tool and the 

results are obtained which indicate the presence or absence of malaria.  

      
Fig.6. Classification Results for SVM 

 

5. CONCLUSION AND FUTURE SCOPE 

The software developed in the project provided a well-defined basis for realizing the 

computerized diagnosis of malaria. It is possible to design a generalized diagnosis tool 

covering other peripheral blood parasites and is very important because a diagnosis tool 

would be more accurate and requires less technical expertise when compared to the existing 

diagnosis procedures. Microscopy examination of the blood film currently is still the gold 

standard for malaria diagnosis despite being invented in the late 19th century. The manual 

microscopy requires proper training and has the disadvantage of being subjective. Proposed 

technology of using machine learning methods in diagnosis gives better accuracy. 

Further, we can improve the accuracy and efficiency of the algorithm by using fuzzy-rough 

measure with alternating decision trees. 
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ABSTRACT 

         The Temporal Association Mining have focused on capturing Special temporal 

regulation patterns such as cyclic patterns and calendar scheme based patterns. There is a 

need to develop a model which is flexible in representing interesting temporal patterns. Given 

a Time Stamped Transactional Database, and a user defined input reference sequence of 

interest over the time, The Similarity Profiled Temporal Association mining with use of 

Singleton negative support sequences is to  find the associated item sets whose prevalence 

variations are similar with the reference sequence over the time for a particular dissimilarity 



 
 

 

 

threshold. The Temporal association mining reveals the frequent item patterns of the data 

items which co-occur with a particular event over time. Exploiting interesting properties such 

as an envelope of support time sequence and lower bounding distance for early pruning 

candidate itemsets we develop an algorithm for effectively mining similarity profiled 

temporal association patterns. 

1. INTRODUCTION 

Given a time stamped transactional database and a user defined reference sequence of interest 

over time, the goal of similarity-profiled temporal association mining is to discover all 

associated itemsets whose prevalence variations over time are similar to the reference 

sequence under a threshold. Similarity-profiled temporal association mining can reveal 

interesting relationships of data items that co-occur with a particular event over time. Recent 

advances in data collection and storage technology have made it possible to collect vast 

amounts of data every day in many areas of business and science. One major area of data 

mining from these data is association pattern analysis. Association rules discover 

interrelationships among various data items in transactional data. Time is very important 

phenomena in real life and real life data set contains time attribute directly or indirectly. 

Therefore several researchers have taken interest in temporal association rule mining.  

Data scan strategy 

 

Lattice-dominant scan 

 The lattice-dominant scan method reads a whole transaction data set from time slot t1 to time 

slot tn for candidate itemsets of each size and generates their support time sequences.  

Snapshot-dominant scan 

 The snapshot-dominant scan method repeats the scanning of transactions at each time slot. 

First, it counts the supports of all candidate itemsets of different sizes in the 31 first time slot, 

and then it moves to the next time slot and repeats the process. This method incrementally 

generates the support time sequences with the processed time slots.  

Conventional approach 



 
 

 

 

In Conventional  approach  we  divide  the  mining  process  into  two  separate  phases.  The 

first phase computes the True Supports of each possible item set Combination at each time 

slot to obtain true support sequences. In the second phase, for each Item Set we compute the 

true Normalized Euclidean distance with the true support sequence and the Input Reference 

Sequence. We prune the Item Set based on the Dissimilarity value (True Normalized 

Euclidean Distance). The Itemset is pruned if the dissimilarity value does not satisfy the 

given threshold Condition.  However,  the  computational  costs of generating the True  

support  sequences of  all  combinatorial  candidate  itemsets  and  then finding the  similarity  

between the true support sequence of each item set and the  reference sequence would be  

prohibitively  expensive  with  increase  of  items.  Thus, it is crucial to devise schemes to 

reduce the itemset true support computations effectively for efficient computation. 

Sequential Method 

A variation of the snapshot dominant scan and filtering of the candidate item sets using the 

monotonicity property similar to the traditional Conventional Association rule mining. 

Sequential Method computes the true supports of the all combinations of itemsets with 

respect to each timeslot. This method uses a self-computed variable minimum support 

thresholds over timeslots per item set. If the support of the item set at a time slot is less than 

the computed variable minimum support threshold, the itemset can be pruned without 

examining its support values in other timeslots and computing its similarity with reference 

sequence. The Supersets of the item set will also not satisfy the dissimilarity threshold since 

their support values are never greater than item set’s support by the monotonicity property of 

support and dissimilarity value increase 

2. Our Novel Algorithm 

Work Flow of the Algorithm 



 
 

 

 

                                         

Estimation of the Bounded Supports of the item sets based on the previous level’s true 

support sequences and the negative supports of the Level 1 Item sets. Finding the 

dissimilarity values of the bounded supports of item set with the reference sequence and then 

compare it with the threshold to find the similar candidate itemsets through estimation. 

Achieving some of the item sets pruning without the true support computation. 

 

Usage of the Singleton Negative Supports 

For each itemset in this level find the subsets of the item set of the previous level and use the 

true support sequences for estimation of bounded supports  For a k level itemset obtain 

combinations of the k-1 level subset and one level-1 item set. We would use the Negative 

support sequences of the level-1 item set obtained 

We have a Novel equation for the computation of the Upper Bound Support Sequences and 

the Lower Bound Support sequences. 

                                   

For Example, For Itemset ABCD 



 
 

 

 

                                                       

For each kth level item set  , The level 1 item set which is subset of the kth level item set and 

which is not present in the k-1 itemset we have upper Bound calculations. 

𝑍𝑍1 … … 𝑍𝑍𝐾𝐾−1𝑍𝑍𝐾𝐾 = (𝑍𝑍1 … . . 𝑍𝑍𝐾𝐾−1) −𝑚𝑚𝑎𝑎𝑚𝑚(𝑆𝑆𝑆𝑆𝑚𝑚((𝑍𝑍1 … . . 𝑍𝑍𝐾𝐾−1), ( 𝑍𝑍)) − 1,0 ) 

 

For Example, Itemset ABCD 

𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 = ABC – max (sum (ABC,𝑨𝑨) − 𝑼𝑼,𝟎𝟎) 

𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨= ACD – max (sum (ACD,𝑨𝑨)-1,0) 

𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 = ABD – max (sum (ABD,𝑨𝑨)-1,0) 

𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 = BCD – max (sum (BCD,𝑨𝑨)-1,0) 

Lower Bound Support Sequence = max (All lower Bound Computations of ABCD)   

𝑼𝑼𝑨𝑨𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 = min (𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨,𝑼𝑼𝟐𝟐𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨,𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨,𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨) 

𝑼𝑼𝑨𝑨𝑼𝑼𝑼𝑼𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 = min (ABC – max (sum (ABC,𝑨𝑨) − 𝑼𝑼,𝟎𝟎), ACD – max (sum (ACD,𝑨𝑨)-1,0) , 

ABD – max (sum (ABD,𝑨𝑨)-1,0), BCD – max (sum (BCD,𝑨𝑨)-1,0)) 

Lower Bound  Support Sequence 

For each kth level item set  , The level 1 item set which is subset of the kth level item set and 

which is not present in the k-1 itemset we have lower Bound calculations. 

 



 
 

 

 

For Example, Itemset ABCD 

 

 

 

Itemset Pruning Strategy 

i. Calculate the Lower Bounding Distance as Sum of Upper Lower Bounding Distance 

and Lower Lower Bounding Distance 

ii. If the Lower Bounding Distance satisfies the given threshold then item set  true 

support can be computed else prune the item set  

iii. Compute the true support of the item set and calculate the True distance between 

reference sequence and the True support sequence. 

iv. If true distance satisfies the threshold then the item set is similar else compute the 

Upper Lower Bounding distance between the true support sequence and reference 

sequence.  

v. If the upper lower bounding distance satisfies the threshold the itemset is not similar 

but retained. 

R=<r1 , …, rk> be reference sequence R . SL=<s1 , …, sk> be Upper Bound support 
sequence S. 
The upper lower-bounding distance between R and S,  
 DUlb(R, SL ), is D(R, SL). (Distance Measure) where ,ri>si. 



 
 

 

 

The Lower lower-bounding distance between R and S,  DLlb(R, SL ), is D(R, SL). (Distance 
Measure)where ,ri<si. 
Generation of Lower Bounding Distance 
 Dlb = (DUlb+ DLlb) 
Pruning Algorithm 
for each k-itemset level 
 if( Dlb < threshold) 
 {             Item set similar 
              Compute True Support sequence for the item set. 
                 Compute True dist. 
                          if(dist<threshold) 
                               Item set  similar 
                            else 
                             {   Item set  not similar 
                                   compute ULB dist. 
                                        if(ULBdist<threshold) 
                                                Item set RETAINED 
                                         else 
                                                 item set Pruned              
                          } 
   } 
   else 
    {   
 item set Pruned 
    } 

Upper Lower Bounding Distance 

For each item set calculate Upper Lower Bounding Distance between Reference Sequence 

and the Upper Bound Support Sequence. 

𝐷𝐷𝑆𝑆𝑙𝑙𝑏𝑏 −𝑑𝑑𝑖𝑖𝑠𝑠𝑑𝑑 (𝑅𝑅, 𝑆𝑆𝑍𝑍)  = �∑𝑛𝑛
𝑑𝑑=1 |(𝑅𝑅𝑑𝑑 − 𝑠𝑠𝑑𝑑)|2/𝑛𝑛 Where, 𝑅𝑅𝑑𝑑 > 𝑠𝑠𝑑𝑑  

Lower Lower Bounding Distance 

For each item set calculate Lower Lower Bounding Distance between Reference Sequence 

and the Lower Bound Support Sequence. 

𝐷𝐷𝑙𝑙𝑙𝑙𝑏𝑏−𝑑𝑑𝑖𝑖𝑠𝑠𝑑𝑑 (𝑅𝑅, 𝑆𝑆𝑍𝑍)  = �∑𝑛𝑛
𝑑𝑑=1 |(𝑅𝑅𝑑𝑑 − 𝑠𝑠𝑑𝑑)|2/𝑛𝑛 Where, 𝑅𝑅𝑑𝑑 < 𝑠𝑠𝑑𝑑  

 



 
 

 

 

4. RESULTS AND DISCUSSIONS 

We have achieved to reduce the number of database scans or the true support computations of 

each level compared to conventional approach and sequential approach. This Novel approach 

has exhibited better performance when compared to the conventional and sequential method. 

 

The graph illustrates Threshold on X-axis and execution time on y-axis for 20 items 1000 

transaction/time slot and 100 time slots. From the graph, we can observe that as there is an 

increase in the threshold the time taken for the execution also increases. 

 

The graph illustrates levels on X-axis and true support values on Y-axis based on the 

variations in threshold values for 20 items 1000 transactions/timeslot, 100 timeslots . From 

the graph, we can observe that as the threshold increases true support values also increases 

and these variations are shown in the graph. 

 

Graphical User Interface                                                        Trend Observer 



 
 

 

 

 

5. CONCLUSION AND FUTURE SCOPE 

We implemented A Novel Algorithm which has better performance than the conventional 

algorithms. We have successfully reduced the Number of Database scans and also the 

execution time for our approach. To implement this developed Similarity profiled temporal 

association Mining System on Cross Domain Data set and generate interesting patterns that 

can reveal interesting relationships of data items which co-occur with a particular event over 

time. 
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ABSTRACT 
Sequential pattern mining constitutes a basis for solution of pattern discovery problems in 

data mining such as analysis of customer shopping behavior, web usage mining. Due to 

exponential search space and large data sets to mine it’s necessary to develop efficient data 

structures and algorithms in terms of mining time and memory. WAP-Tree is a compact data 

structure for representing sequence database. MULTI-WAP- Tree, which extends WAP-Tree 

constructed on multi-item sequence database. An algorithm MULTI-FOF-SP is implemented 

which extracts patterns on MULTI-WAP- Tree. MULTI-FOF-SP is based on the previous 

WAP-Tree based algorithm FOF (First Occurrence Forest) and an early pruning strategy 

called ”Sibling Principle” from the literature. Experimental results reveal that MULTI-FOF-

SP finds patterns faster than PrefixSpan on dense multi-item sequence databases with small 

alphabets. 

 

1. INTRODUCTION 

Sequential pattern mining is one of the major tasks in data mining and it constitutes a basis 

for solution of pattern discovery problems in various domains. WAP-Tree (Web Access 

Pattern Tree) based algorithms have shown remarkable execution time performance on 

single-item sequential pattern mining. Inspired by the success of WAP-Tree, we designed a 

new data structure MULTI-WAP-Tree which extends WAP-Tree for representing multi-

item/general sequence databases. Secondly, we propose a new sequential pattern mining 

algorithm MULTI-FOF-SP based on MULTI-WAP-Tree inspired by the WAP-Tree based 

algorithm FOF (First Occurrence Forest). MULTI-FOF-SP, integrates FOF approach and the 

early pruning idea ”Sibling Principle” from the previous studies. We have analyzed the 

performance of the proposed method on several test cases. The results show that MULTI-



 
 

 

 

WAP-Tree and the associated mining algorithm on this structure presents successful results, 

especially for dense multi-item sequence databases. 

 

2. PROPOSED WORK  

 
MULTI-WAP-Tree is an extended WAP-Tree which can represent both single and multi-item 

sequence databases. MULTI-WAP-Tree is identical to the WAP-Tree in that it contains only 

frequent items in its nodes and each sequence in the sequence database is encoded in 

MULTI-WAP-Tree on a path from the root to a node of the tree. 

 

MULTI WAP-TREE: 

 
Firstly, we design a new data structure MULTI-WAP-Tree which extends WAP-Tree for 

representing multi-item/general sequence databases. MULTI-WAP-Tree differs from WAP-

Tree in two points: 
• MULTI-WAP-Tree has two types of edges between nodes: S − Edge and I – 

Edge Whereas, WAP-Tree has a single edge type. 

• MULTI-WAP-Tree nodes keep a pointer to their parent nodes in addition to 

the fields of WAP-Tree. 

 

MULTI-FOF-PT: 

 
Secondly, we propose a new multi-item sequential pattern mining algorithm MULTI-FOF-PT  

based on the sequence database representation MULTI-WAP-Tree. MULTI-FOF-PT can be 

considered as a modified version of FOF-PT to perform multi-item sequential pattern mining. 

MULTI-FOF-PT algorithm has three basic steps, as in WAP-Tree based algorithms: 
1. Scan database to find frequent items. 

2. Construct MULTI-WAP-Tree representation of the database. 

3. Mine frequent patterns from MULTI-WAP-Tree. 

 

BUILDING MULTI-WAP-TREE: 



 
 

 

 

 

For MULTI-WAP-Tree construction, after eliminating the infrequent items, each sequence is 

inserted into the tree starting from the root, updating counts of shared prefix nodes and 

inserting new nodes for the unshared suffix part, as in WAP-Tree construction. While 

constructing a WAP-Tree, checking only equality of item fields of nodes is sufficient. 

However, in the MULTI-WAP-Tree case, checking the equality of edge types is also 

required. Each sequence in the database is encoded on a path from root to a node of the tree. 

MULTI-WAP-Tree has two types of edges between nodes : S − Edge and I − Edge. Each 

node of the WAP-Tree comprises three fields  

• Item 
• Count field of a node n stores the count of the sequences starting with the prefix          

obtained by following the path from root to n.  

• Event Level of a node N expresses the number of item sets existing on the path from 

the root to N.  

 Event Level of the Root is 0. 

 All the edges originating from Root node are of type S-Edge. 

 If a node N is inserted as a child of a node P with an I-edge, the new child is 

assigned the event level value of the parent node. 

 If a node N is connected with an S-edge as a child to a node P whose event 

level is k, the new child is assigned the event level k + 1. 

 

 MINING: MULTI-FOF-PT-MINE: 

 
MULTI-FOF-SP follows prefix growing and FOF approach for extracting multi-item 

sequential patterns on MULTI-WAP-Tree. MULTI-FOF-SP represents projected databases in 

FOF form and finds first level occurrences of an item by simple depth first search on the 

MULTI-WAP-Tree, as in FOF algorithm. MULTI-FOF-PT algorithm is a multi-item 

sequential pattern mining algorithm based on the sequence database representation MULTI-

WAP-Tree. MULTI-FOF-PT exploits the Multi − Item Sibling Principle on Multi −Item 

Pattern Tree to prune the search space early and follows the same hybrid search space 

traversal strategy with FOF-PT. Recursive call to MULTI-FOF-PT-Mine with a pattern is 

done after all the sibling patterns are discovered in accordance with the hybrid traversal 

strategy. 



 
 

 

 

 

MULTI-ITEM SIBLING PRINCIPLE:  
 
Let ”n” be a node with item ”i” in Multi-Item Pattern Tree. Multi-Item Sibling Principle is 

the set of rules below expressing relationships between descendants and siblings of a node. 

• If n is connected to its parent with S-Edge, S-Child Set of n  S-Sibling Set {i}. 

• If n is connected to its parent with I-Edge, S-Child Set of n is suS-Sibling Set. 

• If n is connected to its parent with S-Edge, I-Child Set of n {x | x 2 S-Sibling Set ^ 

x     > i}. 

• If n is connected to its parent with I-Edge, I-Child Set of n  {x | x 2 I-Sibling Set ^ 

x > i}. 

 

MINING: 

 
  

 

 

FIRST OCCURRENCE FOREST: 
The algorithm performs depth-first search in order to find nodes with an item target item 

in the sub-tree under the given node root-Node. The algorithm is designed to take the target 

occurrence type of an item as a parameter as extType. Whenever an occurrence of the item is 

located, the algorithm decides the type of occurrence based on the tree rules: 
• A node is a S-Occurrence if there exists at least one S-Edge on the path from the root- 

Node    to this node. 



 
 

 

 

• A node is an I-Occurrence if there are only I-Edges on the path from the root-Node to 

this node.  

• A node is an I-Occurrence if the last item-set of the grown pattern can be found 

following the ancestor nodes of the node before an S-Edge is encountered.  

 

DESIGN: 

 
 

3. RESULTS AND DISCUSSIONS 

MULTI-FOF-SP outperforms Prefix-Span in terms of execution time on all sequence 

databases. 

 



 
 

 

 

 
 

4. CONCLUSION AND FUTURE SCOPE 

We studied sequential pattern mining focused on the WAP-Tree data structure. We 

investigated multi-item sequential pattern mining on WAP-Tree and we designed an 

extension of WAP-Tree data structure for the multi-item sequence databases, the 

MULTIWAP- Tree. In addition, we introduced a new mining strategy on WAP-Tree which 

combines hybrid search space traversal and a early pruning idea ”sibling principle on pattern 

tree”. We designed two new sequential pattern mining algorithms FOF-PT and MULTI-FOF-

PT by applying the mining strategy on WAP-Tree and MULTI-WAP-Tree respectively. We 

conducted a comprehensive set of experiments on FOF-PT. We compared execution time 

performance and peak memory usage of the algorithm with previous WAP-Tree based 

algorithms and multi-item sequential pattern mining algorithms.  

As the future work, several research directions for extending this work can be 

pursued. Investigation of different early pruning ideas on pattern tree can be a future research 

direction. In addition, the Sibling Principle idea combined with hybrid traversal strategy may 

be experimented on other sequential pattern mining approaches like vertical projection. 
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ABSTRACT 

 
The project titled “Question Bank Preparation and Automatic Question Paper 

Generation” deals with the automatic generation of question paper according to latest pattern 

and regulations. A database of all possible and frequently asked questions is created and built 



 
 

 

 

by us. Also, a database of subjects listed in the curriculum is created with subject code as per 

various branches and semesters.  

The issue that has been addressed through our project will be a boon for the universities and 

educational institutes dealing with time consuming manual generation of question paper.  It 

also deals with the security issues like the constant fear of leaking of papers and similar 

threats.  

The distinguishing features of the application are unique credentials for each faculty member, 

the difficulty of the question paper can be judged, set and changed accordingly and the most 

repeated questions can be deleted and new questions can be added.  

  



 
 

 

 

1. INTRODUCTION 

Purpose: The main purpose for preparing this document is to give a general insight into the 

analysis and requirements of the existing system or situation and for determining the 

operating characteristics of the system. 

Scope: This Document plays a vital role in the software development life cycle (SDLC) and 

it describes the complete requirement of the system. It is meant for use by the developers and 

will be the basic during testing phase. Any changes made to the requirements in the future 

will have to go through formal change approval process. 

2. Proposed Work 

In our proposed sysytem, along with the existing features like adaptive and easy user-

interface, no repititon of questions, unlimited question papers etc. , we add new features like 

indication of difficulty level so that a paper suitable for all kind of students can be generated. 

Also, if any question needs tables or figures, diagrams or images, that can be inserted too. 

The whole process is ensured to be cost and time effective.  

3.Input design 

The input design is the link between the information system and the user. It comprises the 

developing specification and procedures for data preparation and those steps are necessary to put 

transaction data in to a usable form for processing can be achieved by inspecting the computer to 

read data from a written or printed document or it can occur by having people keying the data 

directly into the system. The design of input focuses on controlling the amount of input required, 

controlling the errors, avoiding delay, avoiding extra steps and keeping the process simple. The input 

is designed in such a way so that it provides security and ease of use with retaining the privacy. 

Input design considers the following things: 

• What data should be given as input? 

• How the data should be arranged or coded? 

• The dialog to guide the operating personnel in providing input. 

• Methods for preparing input validations and steps to follow when error occur. 

 

4. Objectives 



 
 

 

 

Input Design is the process of converting a user-oriented description of the input into a computer-

based system. This design is important to avoid errors in the data input process and show the 

correct direction to the management for getting correct information from the computerized system. 

It is achieved by creating user-friendly screens for the data entry to handle large volume of data. The 

goal of designing input is to make data entry easier and to be free from errors. The data entry screen 

is designed in such a way that all the data manipulates can be performed. It also provides record 

viewing facilities. 

When the data is entered it will check for its validity. Data can be entered with the help of screens. 

Appropriate messages are provided as when needed so that the user will not be in maize of instant. 

Thus the objective of input design is to create an input layout. 

 

5. Output Design 

A quality output is one, which meets the requirements of the end user and presents the information 

clearly. In any system results of processing are communicated to the users and to other system 

through outputs. In output design it is determined how the information is to be displaced for 

immediate need and also the hard copy output. It is the most important and direct source 

information to the user. Efficient and intelligent output design improves the system’s relationship to 

help user decision-making. 

Designing computer output should proceed in an organized, well thought out manner. The right 

output must be developed while ensuring that each output element is designed so that people will 

find the system can use easily and effectively. The computer should identify the specific output that 

is needed to meet the requirements. 

The output form of an information system should accomplish one or more of the following 

objectives. 

• Convey information about past activities, current status or projections of the future. 

• Signal important events, opportunities, problems, or warnings. 

• Trigger an action.  

• Confirm an action 

 

6. Login Module Design 



 
 

 

 

The core purpose of automatic generation system is composing examination papers. Therefore, 

system functions are given as shown in Fig.5.1: query, update and maintenance. According to the 

general characteristics of the information management system, the system works in the user mode 

and the administrator mode. 

 

Shows the modules of the System 

 

 

 

 

 

7. System Architecture 



 
 

 

 

 

Represents the Architecture of the system 

 

The examiner enters questions in the question bank. After the paper is generated, the examiner can 

check and analyze the difficulty level. The final paper depends on an automatic generation 

algorithm. The user can output the test paper and answers in .doc files etc. 

7. Technology Road-Map of the System 

The system uses MySQL as the database and JAVA for database connectivity . The system page uses 

CSS for designing the page layout. In addition, HTML  is used to support the page details. 

 

 

 



 
 

 

 

Shows the Technology Road-Map of the System 

 

8. Algorithm 

The current automatic paper generation systems fall into three types, namely:  

(1) random-algorithm-based systems,  

(2) the backtracking system, and  

(3) artificial intelligence and information processing systems.  

However, the first two systems cannot satisfy the requirements and are unable to enter the practical 

stage . The automatic paper generation system based on artificial intelligence and intelligent 

information processing has been improved to avoid the disadvantages of the two algorithms 

mentioned above. And on top of that, the system is capable of searching for questions on the basis 

of experience and knowledge. Such a system normally establishes a knowledge base and reasoning 

mechanism to guarantee a high possibility of success  and quality of examination papers. However, 

the flexibility and maintenance of the examination  

papers produced need to be improved .In general, users may have requirements as regards quality 

of examination papers, including the amount of topics, average degree of difficulty, proportion of 

each type of question, proportion of each section and some key sections and knowledge points.On 

the basis of artificial intelligence and information processing, the algorithm avoids redundancy. In 

the test, the algorithm works quickly and selects non-repeated questions randomly. The questions 

and answers can be successfully separated. 

 

9. OUTPUT SCREENS 

• Login 

In this module, the faculty or admin is allowed to login with the credentials provided to him/her. 



 
 

 

 

 

Representation of Login GUI where only Authorization person can login system 

 

 

• Question Entry 

In this module, the faculty can enter new questions by choosing the desired regulations, year, 

semester and branch. 

 

 

 



 
 

 

 

Faculty module GUI where access of the regulation, year, semester and branch selected      by 

relevant faculties 

 

Question paper generation GUI to select Regulation, year, department and semester to generate 

subject question paper 

 

 

 

 

• Generated Question paper 

 



 
 

 

 

Generated question paper of the project 

• After clicking generate, we get a question paper as shown above. 
 

 

• Admin Module: 



 
 

 

 

   

Shows the admin module GUI 

In admin console we can perform various operations as shown in the above figure. Admin has the 

privileges to perform various operations like User Management, Course Management, Questions 

Management and Report. By clicking on various links various operations can be performed. 

10. Limitations and Future Enhancements 

Limitations 

After testing, we have spotted the following limitations in the application: 

• A bigger database is needed i.e. more questions are to be added for all the branches 

and semesters. As of now, questions for only few subjects are available. 

• Designing of a secured login page is needed. 

• Assurance that the difficulty level is accurate. 

 

Future Enhancements 

The features like flexibility to generate class tests, unit tests, terminal tests and final tests can 

also be added. 

 

11. CONCLUSIONS 

The system’s major characteristics are openness, convenience and flexibility. The system 

allows 



 
 

 

 

the teachers to act according to their demands and extract each kind of test question quickly 

from the existing question bank to suit an examination paper developed according to the 

teacher’s needs. Moreover, the examination paper’s difficulty and form as well as each topic 

score are determined by the teachers according to their needs. The teacher logs on the system 

after effective identification authentication in the browser, extracts the paper, and produces 

the model answer. Simultaneously, the paper and the answer will be recorded in the library to 

supply the verification, the consultation, and the historical data for examination paper 

analysis. This system has simplicity and convenience of operation, and supports carrying out 

the operation according to the jurisdiction of the system—namely the different kinds of users 

have differing jurisdiction—to guarantee data security and the integrity of the entire database.  

The question paper generator is a complex systematic project developed through the analysis 

of examinations in our college. This paper describes the features and implementation of each 

module. The system composing examination papers is successful. This trend shows why 

computer, network, multimedia and virtual reality technologies are developing at a fast pace 

and why IT technology has been adopted in many activities of national production. 
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ABSTRACT 
Clustering is a useful technique that organizes a large quantity of unordered text 

documents in to small number of meaningful and coherent clusters, thereby 

providing a basis for intuitive and informative navigation and browsing mechanisms. 

A wide variety of similarity measures have been used for clustering, such as 

Euclidean distance, Cosine similarity, and relative entropy. We are facing an ever 

increasing volume of text documents. The abundant texts flowing over the Internet, 

huge collections of documents in digital libraries and repositories, and emails are 

piling up quickly every day. These have brought challenges for the effective and 

efficient organization of text documents. 

In this project, we first form the document by word matrix and then perform 

dimensionality reduction using information gain ratio and singular value 

decomposition. For the obtained matrix, we perform clustering and classification 

using a new measure called novel similarity measure.  

Problem Definition 

To cluster a given set of text documents so as to classify the text files by using a properly 

defined similarity function. 

 

1. INTRODUCTION 

The phrase “text mining” is generally used to denote any system that analyzes large 

quantities of natural language text and detects lexical or linguistic usage patterns in an 

attempt to extract probably useful (although only probably correct) information. 

Text mining is data mining applied to textual data. Text document clustering groups 

similar documents to form a coherent cluster, while documents that are different have 

separated apart into different clusters. 

Project here is to develop an application to perform dimensionality reduction using 

information gain ratio and singular value decomposition for the pre-processed text 

documents. Now the reduced matrices are considered for clustering and classification using 

the Novel Similarity Measure. 



 
 

 

 

 

2. WORK CARRIED OUT 
 We consider the pre-processed text documents and generate the document by word 

matrix (binary and frequency matrix). Now we perform dimensionality reduction using 

Information Gain Ratio, SVD, Information Gain Ratio and SVD. After Dimensionality 

Reduction, we give a testing document (which needs to be classified) as input to find out its 

nearest neighbor’s using KNN similarity measure where k value has to be specified by the 

user. The result will be the class which is most similar to the input from the top k values. 

For example if the testing document belongs to “faculty” class and we specify the k 

value as 3 then we get the top three values from n number of documents, the file then belongs 

to the class which has highest similarity value or which occurs maximum number of times, 

now if the nearest neighbors of input document are from classes “student”, ”faculty”, 

“faculty”, then the  classified class for the input file will be “faculty”. 

After the above process, we are supposed to find out the classification accuracy. If the file 

belonging to project class is classified into project class correctly, then we say that the file is 

correctly classified, But if it is classified into a class other than project i.e. , faculty, course, 

student, then it is said to be incorrectly classified. 

If the file is correctly classified, we map 1 and if it is incorrectly classified, 0 is mapped. Like 

this, we calculate the accuracy using the formula 

Accuracy=No. of correctly classified documents/Total no. of documents. 

3. Modules Involved 

 1.  Generation of Document-by-Word matrix from the preprocessed data 

    2. Dimensionality Reduction using Information Gain Ratio 

    3. Dimensionality Reduction using SVD 

 4. Clustering the documents using Novel Similarity Measure 

    5. Classification using Novel Similarity Measure 

    6. Tabulating the accuracies obtained from each measure  



 
 

 

 

Generation of Document-by-Word matrix from the preprocessed data: The 

output of the pre-processing module is document-by-word matrix in which the rows represent 

the words and the columns represent the documents. The word-frequency matrix is 

constructed first, which represents the number of times each word is present in a particular 

document. From the frequency matrix the binary matrix is formed which represents the 

presence-absence feature, i.e. whether a word is present in a document or not. 

Dimensionality Reduction using Information Gain Ratio: Using the formula ‘–p 

log p’ we find Entropy for the words in the documents. Where ‘p’ is the probability of each 

word in all the documents of the input text documents. 

Dimensionality Reduction using SVD: Singular Value Decomposition (SVD) is used 

for dimensionality reduction to categorize documents by readability easiness. The advantage 

of SVD over other methods relies is that SVD [2] reduces noise, which is critical for accurate 

text categorization. SVD takes the original data, usually consisting of some variant of 

document-by-word matrix, and breaks it down into linearly independent components. 

The singular value decomposition produces the U, S and VT matrices where the columns of U 

are left singular vectors, is a document-by-document matrix , the S has 5  singular values, is a 

document-by-word matrix and VT has the right singular vectors, is a word-by-word matrix.  

The V matrix has to be considered for the dimensionality reduction. The first column of V is 

sorted. The V matrix is a word-by-word matrix and gives the importance of each word with 

respect to the other. The first column hence has the importance of the first word with every 

other word. The S matrix has the Eigen values representing the importance of each word. The 

values are already in the descending order. Here though the importance is known, the 

corresponding word for each Eigen value is not known.  

This can be obtained from the V matrix. The first column of the V matrix has the importance 

of each word with respect to first. On sorting the values and then comparing them with the 

already sorted values of the S matrix, the corresponding words can be matched with their 

respective Eigen values. This was derived out of observation form several examples. The 

words and their corresponding importance have been obtained. Now the number of 

dimensions i.e. the number of words considered has to be reduced, since all the words do not 

contribute to the similarity purpose. 



 
 

 

 

Clustering the documents using Novel Similarity Measure: Once the 

dimensionality reduction is performed, the reduced matrix is considered for clustering using 

Novel Similarity Measure. Every document is compared with all the other documents for 

calculating the similarity among them. The highest similarity value is found from the 

similarity matrix and the two documents which are most similar are formed as one cluster. If 

any document which is already clustered is found to be similar to another document, then it is 

ignored. This process is repeated for all the documents and corresponding clusters are 

formed. If there is any document remained unclustered, that document is considered as a 

different cluster. 

Classification using Novel Similarity Measure: For classification, we take a new 

text file as input, perform preprocessing and identify the similarity between this new 

document and the existing documents that have been clustered. Based on these new generated 

similarity values the new input test file is classified into any of the existing clusters. 

Tabulating the accuracies obtained from each measure: After Classification of 

test files using various measures we now look for the measure which is more accurate. We do 

this by tabulating the accuracies and find the measure which is better when compared to all 

the measures used for classification. 

4. RESULTS 
 By performing the above process and tabulating the classification accuracies, it is 

observed that the proposed novel similarity measure is giving us the maximum accuracy 

when compared to the already existing measures such as Cosine, Euclidean etc. 



 
 

 

 

 

 
 

5. CONCLUSIONS AND FUTURE SCOPE 
We observed that classification accuracy for Novel similarity measure is high when 

compared to other existing measures. Hence we consider this as an efficient measure for 

clustering and classification of text documents as it is giving maximum accuracy 

comparatively. 

In this project, the main objective was to first design the new similarity measure so as 

to use the same measure to find similarity between any two documents. The similarity 

measure designed is evaluated by considering worst case, average case and best case 

scenarios. 



 
 

 

 

The similarity measure designed is then used to perform clustering of a given set of text 

documents. To reduce the dimensionality we use the concept of Information Gain Ratio and 

Singular Value Decomposition. The input to Information Gain Ratio, Singular Value 

Decomposition and Information Gain Ratio and Singular Value Decomposition is the 

document-by-word matrix and the output is the matrix with reduced dimensionality w.r.t 

documents.  

The classification involves calculation of similarity of the new document with the 

existing clusters and classifying them accordingly, the future work involves classification 

using Multi class SVM where the proposed novel similarity measure is to be implemented as 

the kernel function. 
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ABSTRACT: 
  
 Tracking system is becoming increasingly important in large cities and it is more 
secured than other systems. It is completely integrated so that once it is implemented in all 
vehicles, then it is possible to track anytime from anywhere. It has real-time capability, 
emerges in order to strengthen the relations among people, vehicle and road by putting 
modern information technologies together and able to forms a real time accurate, effective 
comprehensive transportation system.  
  



 
 

 

 

 The use of mobile phones while driving is one of the most dangerous and widely seen 
causes of fatal road accidents. This novel and ingenious technique facilitates the government 
to take adequate action against those who are violating these laws. To meet the requirements 
of an intelligent vehicle monitoring system, this architecture integrates Global Position 
System (GPS), Global System for Mobile communications (GSM) and a Microcontroller in 
the whole. This device is used to prevent texting and calling of mobile phones while driving 
vehicles. If the driver is using the phone while the vehicle is in motion, it triggers a signal 
which notifies the cops with the vehicles number plate and the location with the help of GPS 
system. It receives the mobile signal and detects the presence of mobile. This signal 
eventually triggers the Microcontroller with a glowing LED. Due to the voltage fluctuation, 
the message is sent to the cops using GSM communication.   
Key Words: Call detection; Wireless/Mobile Communication; Mobile bug; Vehicle 
Monitoring; GSM Modem; GPS based vehicle tracking system; Call Notification. 
 
INTRODUCTION : 
  
 The use of mobile phones while driving is one of the most dangerous and widely seen 
causes of fatal road accidents. An Accident is a disaster which is specific, identifiable, 
unexpected, unusual and unintended external event which occurs in a particular time and 
place, without apparent or deliberate cause but with marked effects. It implies generally 
negative probabilistic outcome which may have been avoided or prevented had circumstances 
leading up to the accident been recognized, and acted upon, prior to its occurrence. The 
numbers of death and disability are very high because of late assistance to people who got the 
accident. These cause huge social and economic burdens to people involved.  
  
 The GPS/GSM Based System is one of the most important systems, which integrate 
both GSM and GPS technologies. It is necessary due to the many of applications of both 
GSM and GPS systems and the wide usage of them by millions of people throughout the 
world. This system designed for users in land construction and transport business, provides 
real-time information such as location, speed and expected arrival time of the user is moving 
vehicles in a concise and easy-to-read format. In this proposed work, a novel method of 
vehicle tracking and monitoring system used to find if a person is using the mobile phone 
while driving the car. If the person is found to be using a mobile phone for call or testing then 
a message is being sent to the nearest traffic police station stating that the person is using the 
phone. In parallel, through the help of GPS the vehicle is being tracked and is being stopped. 
Apart from using the mobile phone, a message is also being sent if the driver is found to be 
drinking and driving. Again, through the help of GPS the vehicle’s location is being tracked 
and sent along with the message which is as shown in the following flowchart. 
 



 
 

 

 

 
Fig.1 Flowchart of the Process 

 
 To meet the requirements of an intelligent vehicle monitoring system, this architecture 
integrates Global Position System (GPS), Global System for Mobile Communications (GSM) 
and a Microcontroller in the whole which is as shown in the above flow chart. This device is 
used to prevent texting and calling of mobile phones while driving vehicles. 
 
 
 
 
IMPLEMENTATION: 
  



 
 

 

 

 The implementation can be explained in a better way with the help of circuit diagram 
shown below.

 
Fig.2 Circuit diagram 

  
 The step down transformer is used as an input to the entire module. The power supply 
of 230V is converted to 12V with the help of step down transformer. We use a step down 
transformer because a high amount of voltage damages the modules. 
 The output voltage from the transformer is given to the Microcontroller board which 
is in AC form. A bridge rectifier named W10 is used to convert AC to DC. A voltage 
regulator 7806 is also used to convert to 5V as the sensory module for alcohol runs on 5V. 
GSM modem and GPS module are powered by 12V. Filter capacitors are also used to remove 
the ripples in the supply. The ATMEL Microcontroller AT89C52 works on only 5V which is 
supplied to the Vcc pin of the Microcontroller 
The GPS module L80 is an ultra compact GPS POT (Patch on Top) module with an 
embedded 15.0 × 15.0 × 4.0mm patch antenna. This space-saving design makes L80 the 
perfect module for the miniature devices. Adopted by LCC package and integrated with patch 
antenna, L80 has exceptional performance both in acquisition and tracking. L80 supports 
automatic antenna switching function. It can achieve the switching between internal patch 
antenna and external active antenna. Moreover, it keeps positioning during the switching 
process. With its tiny design, high precision and sensitivity, L80 is perfectly suitable for a 
broad range of M2M applications such as portable device, automotive, personal tracking, 



 
 

 

 

security and industrial PDA, especially suitable for special applications, like GPS mouse and 
OBD. 
  

The GSM modem is connected to the Microcontroller with the help of MAX 232 IC. 
GSM modem helps in sending and receiving of messages. The MAX232 is an integrated 
circuit first created in 1987 by Maxim Integrated Products that converts signals from a TIA-
232 (RS-232) serial port to signals suitable for use in TTL compatible digital logic circuits. 
The MAX232 is a dual driver/receiver and typically converts the RX, TX, CTS and RTS 
signals. The drivers provide TIA-232 voltage level outputs (approx. ± 7.5 volts) from a single 
five volt supply via on-chip charge pumps and external capacitors. This makes it useful for 
implementing TIA-232 in devices that otherwise do not need any other voltages. The 
receivers reduce TIA-232 inputs, which may be as high as ± 25 volts, to standard five volt 
TTL levels. 
  

Mobile bug continuously detects the radio frequency signals between the range of 
(0.9-3)GHz i.e., it detects both the incoming and outgoing calls/messages within the radius of 
(0.5-0.75)m. The range is confined to this limit as the mobile bug circuit should detect 
calls/messages only of the driver. If the range is increased, then the mobiles of the other 
passengers are also detected which is not necessary. The mobile bug circuit is connected to 
the port 1 of the Microcontroller. As the circuit detects the usage of mobile, the information is 
sent to the Microcontroller and the output is displayed on the LCD module.  
  

The alcohol sensor MQ-3 is connected to the same port of the Microcontroller. This 
alcohol sensor is suitable for detecting alcohol concentration on your breath, just like your 
common breathalyzer. It has a high sensitivity and fast response time. Sensor provides an 
analog resistive output based on alcohol concentration. The drive circuit is very simple, all it 
needs is one resistor. A simple interface could be a 0-3.3V ADC. As the alcohol is detected 
by the sensor, the information is sent to the Microcontroller and the output is displayed on the 
LCD screen. The output displayed on the LCD screen is according to the code dumped in the 
Microcontroller. 
  

Simultaneously, with the help of Microcontroller the message is sent to the registered 
mobile number (To the cops in the real time) as the driver is consuming alcohol/using the 
phone along with the location of the vehicle.  
 
EXPERIMENTAL RESULTS 
This module can detect the mobile if the person is using it while driving the vehicle. It 
effectively sends the message to the cops with the GPS location. 

From the results obtained we can say that 

• This module is very accurate 
• Highly reliable  
• Low cost 
• Easy to understand 
• Easy to track the location of the vehicle 

 

 The output result is as shown below which is a screenshot that contain messages sent 
to the registered mobile as the driver is drinking and also using phone while driving. 



 
 

 

 

 
 

 
Fig.3 Output Result 
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Abstract: 
               The objective of this project is to build an indoor autonomous robot which navigates 
to its specified destination by automatically avoiding obstacles using computer vision and 
ultrasonic sensors. Computer vision is chosen because, the robot can navigate using just a 
camera and hence it becomes cost-effective as well as efficient.  
Destination is fed to the robot using Wi-Fi network. It identifies its current location by 
identifying pre-defined symbols in its environment. The pre-defined symbols are contained in 
the database and are matched with the detected symbols for authentication and verification of 
the path. 
After recognizing its location, the robot then computes the path required to reach the 
destination. It then navigates to the specified destination by using images of its environment 
and following the set of symbols as instructed by the program. 
In this project, we use Raspberry Pi 2 model B with Raspbian OS. Programming is done 
using Python and OpenCV is used for the purpose of image processing to interpret visual data 
and help in guiding the robot. 
Key Words: Raspberry Pi, Robotics, Camera module, maples navigation system. 
Introduction : 
An autonomous robot is a robot that performs behaviours or tasks with a high degree of 
autonomy, which is particularly desirable in fields such as space exploration, household 
maintenance (such as cleaning), waste water treatment and delivering goods and services. 
A fully autonomous robot can: 

• Gain information about the environment 
• Work for an extended period without human intervention 
• Move either all or part of itself throughout its operating environment without human 

assistance 
• Avoid situations that are harmful to people, property, or itself unless those are part of 

its design specifications 
An autonomous robot may also learn or gain new knowledge like adjusting for new methods 
of accomplishing its tasks or adapting to changing surroundings. Autonomous mobile robots 
have become more commonplace in commercial and industrial settings. Hospitals have been 
using autonomous mobile robots to move materials for many years. Warehouses have 
installed mobile robotic systems to efficiently move materials from stocking shelves to order 
fulfilment zones. Mobile robots are also a major focus of current research and almost every 
major university has one or more labs that focus on mobile robot research. Mobile robots are 
also found in industrial, military and security settings. Domestic robots are consumer 
products, including entertainment robots and those that perform certain household tasks such 
as vacuuming or gardening. 
In this project, we attempt to build a cost efficient indoor robot which can navigate to any 
given destination autonomously, without the use of GPS or MAP or any kind of satellite 



 
 

 

 

assistance for navigation (and hence it works in areas where signal cannot be reached). It uses 
sign based navigation with image processing in a Raspberry Pi using Python programming. 

1.1 Autonomous navigation 
An autonomously guided robot knows at least some information about where it is and how to 
reach various goals and or waypoints along the way. "Localization" or knowledge of its 
current location, is calculated by one or more means, using sensors such motor encoders, 
vision, Stereopsis, lasers and global positioning systems. In this particular project, our aim is 
to make the robot cost-effective and at the same time navigate efficiently.  
So we use vision based navigation. The robot is fitted with a camera which helps it to capture 
and know the environment that it is in. Upon studying its surroundings and matching the 
input data to the database, the robot can achieve localization. According to the location of the 
robot, it is given directions by the program written to navigate itself to the destination using 
the vision of its surroundings. Signs are placed to track the path of the robot and image 
processing is used to figure out any signs that the robot comes across in its path. Finally, the 
destination has a sign that is matched with the database and if it is indeed the destination, the 
robot stops navigation. 
In this project, a Raspberry Pi along with the Pi Camera module is used for capturing and 
processing the visual data. OpenCV software is used for image processing. 
Obstacle detection 
Obstacle detection is an important task for many mobile robot applications. Most mobile 
robots rely on range data for obstacle detection. Popular sensors for range-based obstacle 
detection systems include ultrasonic sensors, laser rangefinders, radar, stereo vision, optical 
flow, and depth from focus. Because these sensors measure the distances from obstacles to 
the robot, they are inherently suited for the tasks of obstacle detection and obstacle 
avoidance.  
In our project, the ultrasonic sensor is used for obstacle detection. Ultrasonic sensor transmits 
the ultrasonic waves from its sensor head and again receives the ultrasonic waves reflected 
from an object. The ultrasonic sensor emits the short and high frequency signal. These 
propagate in the air at the velocity of sound. If they hit any object, then they reflect back echo 
signal to the sensor. The ultrasonic sensor consists of a multi vibrator, fixed to the base. The 
multi vibrator is combination of a resonator and vibrator. The resonator delivers ultrasonic 
wave generated by the vibration.  The ultrasonic sensor actually consists of two parts; the 
emitter which produces a 40 kHz sound wave and detector detects 40 kHz sound wave and 
sends electrical signal back to the microcontroller. 

1.2 Obstacle detection 
Obstacle detection is an important task for many mobile robot applications. Most mobile 
robots rely on range data for obstacle detection. Popular sensors for range-based obstacle 
detection systems include ultrasonic sensors, laser rangefinders, radar, stereo vision, optical 
flow, and depth from focus. Because these sensors measure the distances from obstacles to 
the robot, they are inherently suited for the tasks of obstacle detection and obstacle 
avoidance.  
In our project, the ultrasonic sensor is used for obstacle detection. Ultrasonic sensor transmits 
the ultrasonic waves from its sensor head and again receives the ultrasonic waves reflected 
from an object. The ultrasonic sensor emits the short and high frequency signal. These 
propagate in the air at the velocity of sound. If they hit any object, then they reflect back echo 
signal to the sensor. The ultrasonic sensor consists of a multi vibrator, fixed to the base. The 
multi vibrator is combination of a resonator and vibrator. The resonator delivers ultrasonic 
wave generated by the vibration.  The ultrasonic sensor actually consists of two parts; the 
emitter which produces a 40 kHz sound wave and detector detects 40 kHz sound wave and 
sends electrical signal back to the microcontroller. 



 
 

 

 

 
Fig.1: Ultrasonic sensor working principle 
 
 

1.3 Obstacle avoidance 
In scientific exploration and emergency rescue, there may be places that are dangerous for 
humans or even impossible for humans to reach directly, then we should use robots to help 
us. In those challenging environments, the robots need to gather information about their 
surroundings to avoid obstacles. For outer space exploring robots this is even more important 
because there can be a delay of seconds or minutes between the control station on earth and 
the robot. Nowadays, even in ordinary environments, people also require that robots can 
detect and avoid obstacles. For example, an industrial robot in a factory is expected to avoid 
workers so that it won’t hurt them. In conclusion, obstacle avoidance is widely researched 
and applied in the world, and it is probable that most robots in the future should have obstacle 
avoidance function. 
2. RASPBERRY PI 
The Raspberry Pi is a series of credit card–sized single-board computers developed in the 
United Kingdom by the Raspberry Pi Foundation with the intent to promote the teaching of 
basic computer science in schools and developing countries. Several generations of 
Raspberry Pi's have been released. The first generation (Pi 1) was released in February 2012 
in basic model A and a higher specification model B. A+ and B+ models were released a year 
later. Raspberry Pi 2 model B was released in February 2015 and Raspberry Pi 3 model B in 
February 2016. In this project, we use the Raspberry Pi 2, model B. 
3. PYTHON PROGRAMMING 
Python is a widely used high-level, general-purpose, interpreted, dynamic programming 
language. Its design philosophy emphasizes code readability, and its syntax allows 
programmers to express concepts in fewer lines of code than would be possible in languages 
such as C++ or Java. The language provides constructs intended to enable clear programs on 
both a small and large scale. Python supports multiple programming paradigms, including 
object-oriented, imperative and functional programming or procedural styles. It features a 
dynamic type system and automatic memory management and has a large and comprehensive 
standard library.Python interpreters are available for installation on many operating systems, 
allowing Python code execution on a wide variety of systems. Using third-party tools, such 
as Py2exe or Pyinstaller, Python code can be packaged into stand-alone executable programs 
for some of the most popular operating systems, allowing the distribution of Python-based 
software for use on those environments without requiring the installation of a Python 
interpreter.CPython, the reference implementation of Python, is free and open-source 
software and has a community-based development model, as do nearly all of its alternative 
implementations. CPython is managed by the non-profit Python Software Foundation. 
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4. IMAGE PROCESSING USING OpenCV 
OpenCV (Open Source Computer Vision) is a library of programming functions mainly 
aimed at real-time computer vision, originally developed by Intel's research center in Nizhny 
Novgorod (Russia), later supported by Willow Garage and now maintained by Itseez.The 
library is cross-platform and free for use under the open-source BSD license. 
 
5. WORKING AND CONTROL 
 
Fig.2 : Block Diagram of the Process 

 
The robot works autonomously using information collected by the camera and by instructions 
from the Raspberry Pi according to the Python program written. To guide the robot 
throughout its course, signs are placed along the path. This also helps us to monitor the track 
of the robot and check if it is moving in the right path.The robot is controlled with Raspberry 
Pi and the programming language used is Python. The line of events that occur in order to 
successfully drive the robot to its destination are given below. 

• Firstly, the destination is fed to the robot using text based commands through the 
programmable interface. 

• The robot scans its surroundings with the camera and determines its current location 
by interpreting the acquired visual data with the help of signs. 

• Once localization is achieved, the robot is ready to decide the path that it has to take 
to reach its destination. This is calculated by the program written. 

• Depending on the location, the robot is given a sequence of signs that it has to follow 
in order to reach its destination. 

• Using the video stream from the camera, the robot tracks and moves according to the 
signs that are to be followed according to the program. 

• The processor meanwhile checks for the correctness of the path followed by the robot 
and guides it accordingly. 



 
 

 

 

• The destination is recognized again by the sign which is processed from the video 
stream by the Raspberry Pi using OpenCV software. 

• Finally, when the destination sign matches the sign that is recognized by the 
Raspberry Pi, the robot gets initialized to its former values and positions. 

 

 
 
 
Fig. 3: Real time process variable considered for this project 
 
 
6. APPLICATIONS 
 
 

6.1 Home automation    6.2 Patient monitoring 

 
 
 
 
7. CONCLUSION 
A Robot is a wonderful invention of the technology ,which is modifying everyday.The 
technology today,is getting older tomorrow in the field of Robotics.But how new the 
technology be, it is always intended to replace or atleast serve the human race.With the same 
intention we the team of four strived hard and made this wonderful robot using computer 
vision to assist the humans. Today there are lot of embedded boards are available,but still 
Raspberrypi is the leading one.Its always intriguing and helps in framing new technology 
everytime we use it. Thanks to the makers of the board and also the Linux platform for being 
so user friendly. Building robots using raspberry pi is always efficient and can be reframed 



 
 

 

 

everytime we want. OpenCV is such a unique platform which helps the users to understand it 
to the core. The Computer Vision tool has its own mark when compared to others, by 
providings bindings to python ,java,ruby and even C++. Of course it takes some time to 
understand it,but it provides so much of vision assistance to the robots. Also Python 
programming is so feasible and very easy to write the programs. We preferedpython  because 
of its vast libraries and methodologies.Compling in C++ would’nt be the same, because of its 
sensitivity and precision with white spaces. Writing codes for the GPIO’s of the PI is very 
easy in python.Shell scripting in python is so close the linux which helped us a lot to come 
closer to the linuxplatform.Overall it’s a team effort and proper guidance the produces fruitful 
outcomes. Working on this project helped us a lot in gaining knowledge in the fields of 
Robotics, Computer Vison and Embedded compilation.  
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Abstract: 
A patient lift also known as patient hoist, jack hoist, hydraulic lift, may be either a sling 
lift or sit-to-stand lift. This is an assistive device that allows patients in hospitals and nursing 
homes and those receiving home health care to be transferred between a bed and a chair or 
other similar resting places, using hydraulic power. Sling lifts are used for patients whose 
mobility is limited. They could be mobile lifts or overhead lifts which are suspended from 
ceiling-mounted or overhead tracks. 
              The sit-to-stand lift is designed to help patients with some mobility but who lack the 
strength or muscle control to rise to a standing position from a bed, wheelchair, chair, or 
commode. They use straps, vests, or belts as opposed to slings, to make the transition 
possible.These systems are comprised of modular subsystems that can be easily replaced to 
minimize downtime and extend the service life of the overall system. 
              The lifting action is created using electrically controlled hydraulic cylinders. 
Hydraulic cylinders get their power from pressurized hydraulic fluid, which is typically oil. 
The hydraulic cylinder consists of a cylinder barrel, in which a piston connected to a piston 
rod moves back and forth. The barrel is closed on one end by the cylinder bottom also called 
the cap and the other end by the cylinder head also called the gland, where the piston rod 
comes out of the cylinder. The piston has sliding rings and seals. The piston divides the inside 
of the cylinder into two chambers, the bottom chamber i.e. the cap end and the piston rod side 
chamber.  
             The design and simulation of the Patient Lift can be implemented using a Computer 
Aided Design (CAD) software. Computer-aided design (CAD) is the use 
of computer systems to aid in the creation, modification, analysis, or optimization of a design. 
CAD software is used to increase the productivity of the designer, improve the quality of 
design, improve communications through documentation, and to create a database for 
manufacturing. CAD output is often in the form of electronic files for print, machining, or 
other manufacturing operations. Solidworks is a CAD software that provides complete 3-D 
user interface. 
 
Introduction: 
          Patient Lifts are used to transfer patients from bed to chair, wheelchair, or commode as 
well as picking up from the floor in case of falls. The use of this type mobility lift may enable 
people who are temporarily or permanently disabled to stay in their own home with 
assistance from family members or other caregivers rather than having to move a nursing 
home. 
                     Lifts are affordable and safe to use. Economical manual-hydraulic lifts are easy 
to use and provide the basic functions to safely transfer a patient. Power Lifts are reliable and 
work with the push of a button. Powered Lifts using up-to-date technology and features make 
sense for any long-term care situation or other settings where the Lift is used throughout the 



 
 

 

 

day. In addition, using the hand pendant on a Powered Lift enables the caregiver to focus on 
the patient and not the hardware.  
 
Objective of the Paper: 
             The patient assistance and Lift Monitor is intended to assist the persons suffering 
from neurological disorders, Arthritis or those who have undergone surgery/medication, by 
providing a support in accomplishing their day-to-day activities. People with Neurological 
Disorders, Arthritis, Post Surgery /Medication Assistance are the target audience who require 
the PALM setup for their basic necessities. 
           The daily ,essential activities like moving around, getting up and other physical 
strenuous activities are now made completely easy using this procedure of Hydraulic lift 
.This may give a respite from the knee pains and joint pains the patient may be having . 
 
SIT TO STAND LIFT 
Fig. 1. Sit-to-stand lift 

Sit-to-stand lifts are designed to help patients who lack the strength or muscle control to rise 
to a standing position from a bed, wheelchair, chair, or commode. They use straps, vests, or 
belts (as opposed to slings) positioned around the patient's back usually fitting under their 
arms. They are therefore technically not "sling lifts" which are used for vertical patient 
transfer. Sit-to-stand lifts fix the patient legs in position exerting pressure on the patient's 
calves as the belt or strap is tightened by the lift mechanism. This tightening gradually moves 
the patient's body diagonally into a standing position. Standing is medically beneficial to 
reduce conditions such as osteoporosis which can occur when a disabled patient's bones 
weaken over time because they are no longer used support the patient's weight. 
Sit-to-stand devices are designed to transfer a patient between two seating surfaces. These 
include surfaces such as a commode, shower or transfer bench, wheelchair, chair, and bedside 
or mattress. The physical demands required to transfer a patient using a sit-to-stand device 
are significantly less than manually performing a stand-and-pivot transfer thus decreasing the 
chances of caregiver back or shoulder overexertion injuries. Since sit-to-stand lifts typically 
have a smaller base than floor sling lifts, they can more easily fit and maneuver a patient into 
tight spaces such as bath and shower rooms. 
The limitations of sit-to-stand lifts is that patients must be able to first sit up and second to 
physically support their own weight while in a standing position in order to use these devices. 
 
 



 
 

 

 

Implementation: 
 In order to achieve the desired lift for the patient, hydraulic motion fit the bill owing to its 
slow, gradual and controlled motion Also, hydraulics has a lot of advantages when compared 
to the other actuator technologies .Variable hydraulic actuators are widely used as drives of 
machine tools, rolling mills, pressing and the foundry equipment, road and building 
machines, transport and agricultural machines, etc. A number of advantages in comparison 
with mechanical and electric transfers explains such their wide application 
 
 Hydraulic actuators are rugged and suited for high-force applications. They can 

produce forces 25 times greater than pneumatic cylinders of equal size.  
 They also operate in pressures of up to 4,000 psi. Hydraulic motors have high 

horsepower-to-weight ratio by 1 to 2 hp/lb greater than a pneumatic motor. 
 A hydraulic actuator can hold force and torque constant without the pump supplying 

more fluid or pressure due to the incompressibility of fluid.  
 Hydraulic actuators can have their pumps and motors located a considerable distance 

away with minimal loss of power. 
  Infinitely variable control of gear-ratio in a wide range and an opportunity to create 

the big reduction ratio Small specific weight, the weight of a hydro actuator is in ratio 
to transmitted capacity. 

 Opportunity of simple and reliable protection of the engine from overloads 
 Small sluggishness of the rotating parts, providing fast change of operating modes 

Simplicity of transformation of rotary movement into reciprocating one 
 Opportunity of positioning a hydraulic engine on removal (distance) from an energy 

source and freedom in making configuration. 
  It is also necessary to reckon with disadvantages of hydraulic actuators: 
 Efficiency of a volumetric hydraulic actuator is a little bit lower, than e fficiency of 

mechanical and electric transfers, and during regulation it is reduced. 
 Conditions of operation of a hydraulic actuator (temperature)influence its 

characteristics  
 Efficiency of a hydraulic actuator is a little reduced in the process of exhaustion of its 

resource owing to the increase in backlashes and the increase of outflow of liquid 



 
 

 

 

 
Fig 2 - Stress analysis of piston and cylinder         Figure 3 – Stress analysis result on the 
complete patient lift assembly 
Fig 4– Side View of the Patient Lift Assembly                              Figure 5– Isometric View of 
the     
                                                                                                                         Patient lift 
Assembly 



 
 

 

 

Fig 6 – Isometric View of the Base and Pole bar                                     Fig 7 - : Arduino 
Mega Board 
 
 
Fig 8 – Isometric view and user Interface section of Solidworks Design environment 
 
BLUETOOTH TERMINAL APP AND BLUETOOTH MODULE HC05 
 

Fig 9 – Bluetooth Terminal Application 
 
 
The app is terminal application, it can transaction data between Bluetooth devices. 
It’s can save all send and receive data to file. Bluetooth terminal app is used to connect to the 



 
 

 

 

HC-05 Bluetooth module. Then an app wants to turn on Bluetooth will be displayed on your 
mobile. You can turn on Bluetooth in your mobile by selecting “Yes”. The receiver module 
used over here is HC 05 which is in contact with palm setup. Hence the user at a certain 
distance can communicate with the HC 05 on the module. 
 
HYDRAULIC MINI POWER PACK SETUP FOR LIFT ACTION 

 
 Fig 10 – Hydraulic DC power pack 
A Hydraulic cylinder, also called a linear hydraulic motor is a mechanical actuator that is 
used to give a unidirectional force through a unidirectional stroke. It has many applications, 
notably in construction equipment, engineering vehicles and manufacturing machinery. 
 
BLOCK DIAGRAM 

 
Experimental Results 
 



 
 

 

 

Fig 11 – Bluetooth commands to activate ‘lift 
 

 
Fig 12 – PALM prototype 
 
 

 
Fig 13 – Bluetooth commands for Manoeuvring 
 
Conclusion and Future Enhancement 
The Patient lifts system is presently being implemented in Hospitals and Medical care centers 
abroad and is giving satisfactory results. These kind of systems help improve the medication 
standards by increasing the safety and improving the ease of handling patients, along with 
reducing the errors that are inevitable with human involvement.  
              The electrical control and automation ensures that the patient can operate the 
equipment independently and carry out his day-to-day activities without being dependent. It 
also improves the efficiency and make it convenient to monitor the system performance. 
               Also, the entire idea of communication between PALM setup and patient 
simply using Bluetooth connection makes life way simpler rather than manual contact. The 



 
 

 

 

user friendly apps available for the patient increase the demand for such products. Abroad, 
there has been wired remote controls but not wireless interfaces for communication .Hence, 
the PALM setup is more viable, patient friendly and wirelessly controlled Hydraulic lift. 
Speed control for maneuvering may be implemented for patient’s needs and emergencies. 
PALM module can be equipped with image sensors, thus the palm module can recognize and 
approach the patient. 
 Another layer of safety is required since the hydraulic lift is assumed for patients who 
have strong torso. Belts, handles etc. may be appropriately implemented. 
 The height to which the patient must be lifted must not be fixed, it has to be variable 
such that user can stand up to the height he wishes to incase of any extra height required.  
 A second layer of safety can be ensured using alternate devices which perform the 
same functionality such as stepper motor, gear motor etc  
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Abstract: 

One of most relevant applications of image analysis is the Face recognition. Face Recognition 
deals with unique facial characteristics of human beings. It can be applied in various 
challenging fields like security systems, identity authentication and video retrieval. It 
involves the techniques of image processing, computer vision and pattern recognition. Face 
recognition is more complicated than classical pattern recognition since it deals with human 
faces. The human face is full of information but working with all the information associated 
with the face is time consuming and less efficient. Face recognition includes analysis of an 
image and extracting its facial features which will help to discriminate it from others. Scale 
invariant feature transform (SIFT) to extract distinctive invariant features from images can be 
used to perform reliable matching. The features extracted are invariant to rotation, image 
scale and illumination. Systematic investigation of face recognition using SIFT features has 
been done. Being high distinctive features, every feature can be matched correctly with high 
probability against a huge database of features from many images. Result shows that SIFT is 
flexible recognition algorithm, SIFT provides efficient face recognition technique under pose, 
expression and varying illumination condition. Scale Invariant Feature Transform (SIFT) 
gives more than 90% recognition rate. 

Introduction: 

Image processing consists of a wide variety of techniques and mathematical tools to process 
an input image. An image is processed as soon as we start extracting data from it. The data of 
interest in object recognition systems are those related to the object under investigation. An 
image usually goes through some enhancement steps, in order to improve the extractability of 
interesting data and subside other data. An image may be defined as a two-dimensional 
function, , where x and y are spatial (plane) coordinates, and the amplitude of f at any pair of 
coordinates (x, y) is called the intensity or gray level of the image at that point. When x, y, 
and the intensity values of f are all finite, discrete quantities, we call the image a digital 
image. The field of digital image processing refers to processing digital images by means of a 
digital computer. Note that a digital image is composed of a finite number of elements, each 
of which has a particular location and value. These elements are called picture elements, 
image elements, pels, and pixels. Pixel is the term used most widely to denote the elements of 
a digital image.  

Scale-Invariant Feature Transform (SIFT) is a known local feature extraction method which 
detects and describes local features in images. The features extracted by SIFT are invariant to 
image scale, orientation, change in illumination and substantial range of affine distortion . 
SIFT feature extraction method was initially developed for object recognition purposes. Lowe 
proposed to use SIFT features for face recognition in the same way as they were used for 



 
 

 

 

object recognition. Many authors used SIFT features in the field of face recognition. 
However, the capability of SIFT features in face recognition has not been systematically 
investigated. Though SIFT used for face recognition, issues like comparing similarities 
between tests and training image of two different persons, face authentication are not 
discussed. For efficient face recognition, we propose to extract SIFT features from multiple 
face training image per person and set a threshold for maximum matching features. 

There are two different approaches to image processing: 

1. Analog processing. This approach is very fast since the time involved in analog-to-digital 
(AD)   and a  digital-to-analog (DA) conversion is saved. But this approach is not flexible 
since the manipulation of images is very hard. 

2. Digital processing. This approach is slower than the analog approach but is very flexible, 
since manipulation is done very easily. The processing time of this approach is tremendously 
improved by the advent of parallel processing techniques. 

 

BLOCK DIAGRAM: 

 

Objective of the paper: 

 Image matching is a fundamental aspect of many problems in computer vision, including 
object or scene recognition, solving for 3D structure from multiple images, stereo 
correspondence, and motion tracking. This paper describes image features that have many 
properties that make them suitable for matching differing images of an object or scene.  



 
 

 

 

In computer vision and image processingthe concept of feature detection refers to methods 
that aim at computing abstractions of image information and making local decisions at every 
image point whether there is an image featureof a given type at that point or not. The 
resulting features will be subsets of the image domain, often in the form of isolated points, 
continuous curves or connected regions. 

Feature detection is a low-level image processing operation. That is, it is usually performed 
as the first operation on an image, and examines every pixel to see if there is a feature present 
at that pixel. If this is part of a larger algorithm, then the algorithm will typically only 
examine the image in the region of the features. As a built-in pre-requisite to feature 
detection, the input image is usually smoothed by a Gaussian kernel in a scale-space 
representation and one or several feature images are computed, often expressed in terms of 
local image derivatives operations. 

Occasionally, when feature detection is computationally expensive and there are time 
constraints, a higher level algorithm may be used to guide the feature detection stage, so that 
only certain parts of the image are searched for features. 

Many computer vision algorithms use feature detection as the initial step, so as a result, a 
very large number of feature detectors have been developed. These vary widely in the kinds 
of feature detected, the computational complexity and the repeatability. 

Implementation: 
Detecting locations that are invariant to scale change of the image can be accomplished by 
searching for stable features across all possible scales, using a continuous function of scale 
known as scale space. Therefore, the scale space of an image is defined as a function, 

, that is produced from the convolution of a variable-scale Gaussian, 

, with an input image, I(x, y): 
 

 

where∗is the convolution operation in x and y, and 

 

To efficiently detect stable keypoint locations in scale space, we have proposed (Lowe, 1999) 
using scale-space extrema in the difference-of-Gaussian function convolved with the image, 

, which can be computed from the difference of two nearby scales separated 
by a constant multiplicative factor k: 
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Abstract: 

Individuals have to resort to the use of wheelchairs due to any of various kinds of physical constraints 
and/or disabilities. This project is aimed at designing and constructing a voice and gesture controlled 
wheelchair system for physically challenged. The system proposed in this work constitutes a Kinect sensor and a 
voice recognition module.  Microsoft Kinect sensor is applied in a remote robot control system to recognize 
different body gestures and generate visual Human-Robot interaction interface without calculating complex 
inverse kinematics to make the robot parts follow the posture of human body. This kind of system aims to enrich 
the interactive way between human and robots which help non-expert users to control the robot freely, making 
human-robot interaction much easier. This detected motion information is fed to the controller, which in turn 
judges the direction of motion and sends instructions through motor driver circuitry to the motors that turn the 
wheels of the wheelchair. This would help patients of vocal disabilities or motor disabilities such as paralysis of 
the limbs to move around without human assistance. 
 

1. INTRODUCTION: 

               Individuals have to resort to the use of wheelchairs due to any of various kinds of physical constraints 
and/or disabilities. However, it is not always easy or possible for such individuals to drive the wheelchair 
manually due to severe disabilities such as paralysis in the limbs. This project is aimed at designing and 
constructing a voice and gesture controlled wheelchair system for physically challenged. Some of the key 
factors that drove the decision to take up the proposed solution for the project are: (1) Simple design that does 
not require the individual to be strapped down to the wheelchair. (2) Low investment for the new and existing 
wheelchair users. (3) Scalability to the future, to extend the device for other means of mobility. (4) Flexibility 
and scalability with programming of the device. 
2. OVERVIEW OF THE PROJECT: 

The system proposed in this work constitutes a Kinect sensor and a voice recognition module. The Kinect sensor 
detects the forward/backward or right/left gestures using skeletal tracking data. This detected motion 
information is fed to the controller, which in turn judges the direction of motion and sends instructions through 
motor driver circuitry to the motors that turn the wheels of the wheelchair. This technology renders the user 
mobile without strenuous effort. The controller used in this portable device is programmed in Arduino IDE. The 
scope of the current work is as follows: (1) The end product  of the current work is a fully-developed and 
functional prototype for the proposed device. The prototype is chosen to be a simple, two-wheeled, flatbed 
robot. An actual wheelchair with a human subject seated in it will essentially use the same technology and 
hardware except for the motors which must be powerful enough to drive a total weight of the wheelchair and the 
human subject. (2) Though the current work uses an ultrasonic sensor for obstacle avoidance and only 
forward/backward and left/right motions are enabled. Such a limitation can make it harder for the use or control 
of the device in an inclined plane or a ramp, for instance. 
  



 
 

 

 

3. WORK CARRIED OUT: 

VOICE CONTROL: 

The main controlling device is Arduino uno. All the voice commands that are used by the user to drive 
the wheelchair are primarily trained using the voice recognition module. The voice command is given by the 
user through a microphone connected to the voice recognition module. An ultrasonic sensor is used for obstacle 
avoidance while driving the wheel chair. 

Voice command given by the user is recognised and is displayed on the LCD. Therefore, depending 
upon the command given Arduino along with L293D motor driver IC will control the motors to drive 
accordingly with the given direction. As the wheelchair is going in the desired path the ultrasonic sensor 
transmits an ultrasonic burst at 40khz continuously.  Whenever an obstacle comes ahead of it the ultrasonic 
waves are reflected back from an object and depending upon the time taken by the reflected pulse distance is 
calculated. This data is continuously sent to Arduino in meters. And Arduino controls the motors left, right, 
back, front, based on ultrasonic signals. 

 

                                                                                                Schematic for voice control 

GESTURE CONTROL: 

1. Motion Capture: 
 The first step is to capture the motion of the human with the help of Kinect module. In order to 
recognize the twenty control points of a human skeleton, the user needs to stand in a fit distance i.e. nearly 4 ft. 
in between the user and the Kinect sensor. The output will be in the (X, Y, and Z) coordinates for each joint. 
Gestures are used to control the motors of the wheel - chair. In order to move the Wheel-Chair forward, the user 
needs to raise his both hands above the positions of his both hips. To move the Wheel-Chair left, user needs to 
raise his left hand above the position of the left hip, and to move the robot right, user needs to raise his right 
hand above the position of the right hip. When the user stands in front of Kinect, it can recognize 20 joints of the 
human body but only 7 positions are considered i.e. Hand Right, Hand Left, Hip Right, Hip Left, Shoulder 
Right, Shoulder Left, Knee Left. 

2. Calculating the speed: 
 Speed to be achieved by the wheel - chair is calculated by measuring the positions of the hip and the 
hand relative to them. If the length between the hip and the hand is far then the speed is high, and if it is less the 
speed will be less and vice versa. This methodology is applied for the motion towards right, left as well as to 
forward. 



 
 

 

 

3. Sending the computed speed by Bluetooth 
Bluetooth module HC-05 is used to send the computed speed and the respective command to drive respective 
motor wirelessly to the Arduino Uno microcontroller. Serial communication is done here through the standard 
serial communication port to which the Bluetooth module is connected, sending one bit at a time, sequentially, 
over a communication channel. Speed values and commands are continuously transmitted to the micro-
controller in a string format      $ command + ' ' + value$ 

4. Servo Control 
  Based on the speed values and command directions received, servo motors rotate with corresponding 
speed to that particular direction. For example, when the Wheel-Chair receives ‘speedr 140*’ it moves left with 
a speed of 100 and when it receives the string ‘speedl 50*’ the Wheel-Chair moves right. 

5. Wheel-Chair Robot Programming Algorithm 
 The serial communication is initialized by setting the baud rate to 9600 so that, the information can be sent to 
the microcontroller serially using Bluetooth module. So we first initialize UART of the Arduino Uno 
microcontroller. Then the 2 servo motors of the Wheel-Chair are connected to the corresponding GPIO pins of 
the Arduino microcontroller. 

 

4. RESULTS: 

A prototype based on the abovementioned specifications is designed. A two-wheel robot move in the 
left, right, and forward and backward directions based on the voice commands given by the user is designed and 
the directions are displayed on the LCD display for convenience. The prototype is a simple sensor-based 
application and does not require any complex image processing or signals acquisition techniques. It can be 
implemented commercially at low cost thus benefiting quite varied categories of patients.  

Motion in all the four directions, namely forward/backward and left/right have been realized 
successfully with appreciable sensitivity. The operation of the device was tested with both D.C. power Source. 
However, it may be noted that an actual wheelchair, unlike a prototype, may require a considerably heavier 
battery for a D.C. power source. Thus, the use of D.C. power source was proved as a concept but it may impose 
practical limitations.  

 



 
 

 

 

                                                                    Practically implemented Robot 

 

                                                                                      Complete Setup  

5. Future Scope: 

This project can be further improved by adding some additional features like: 
Using DC gear motors for providing high torque and control for uphill climbing, tackling rough 
roads, etc.  
Providing features to navigate to a particular destination within known environments 
autonomously by giving the destination as a voice command. 
Making the device network-ready and Wi-Fi enabled, so that the device can be a much larger 
network such as the Internet of Things (IoT). 
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Abstract: 
Technological innovations in the field of abnormalities detection and maintenance of the patient 
health have enabled the evolution of fields such as monitoring systems. The prime goal is to develop a 
reliable patient monitoring system so that the health care professionals can monitor their patients, who 
are executing normal daily life. In this work we present a remote healthcare monitoring system that 
can provide real time online information about physiological conditions of a patient. Our proposed 
system is designed to measure and monitor important physiological parameters of a patient in order to 
accurately describe the status of her/his health and fitness. In addition the proposed system is able to 
transmit the patient’s critical health data through web. By using the information healthcare 
professional can provide necessary medical advising. The system is composed of sensors, signal 
conditioning circuit, NI-USB DAQ 6281, LabVIEW software in personal computer along with web 
publishing tool. In this project patient’s temperature, heart rate, blood pressure and ECG data are to be 
monitored, displayed, stored and reported to the specialist. Along with acquisition of the signals as 
mentioned above in this project , a simple pulse oximeter circuit is designed. 
Introduction : 
Patient monitoring are now becoming more engrained in the delivery of everyday health care, distance 
education and also health care administration. Lots of patients in underserved areas are receiving 
services that may not have otherwise received without travelling great distance or overcoming other 
transportation barriers.. Services are provided across the spectrum, from the youngest of patients to 
the fragile elderly. Tele-health systems have many applications in hospitals, clinics, nursing homes, 
rehabilitation hospitals, homes assisted living facilities, schools, prisons or health departments. It 
includes anything like medical services at the inpatient or at the outpatient stage. What the doctors 
actually would like to see is constant monitoring of the vital parameters so they always know what the 
history is and how big the change from yesterday to International Journal of Distributed and Parallel 
Systems (IJDPS) Vol.3, No.5, September 2012 100 today be and when you have these findings and 
have these data points available, then a much earlier intervention can happen for a patient. Patients 
who live in such areas can be seen by a doctor or specialist, who can provide a precise and complete 
examination, so that the patient need not travel the normal distances like those from conventional 
hospitals. In the recent past, it has been shown that using a bio signal acquisition unit connected to a 
computer, vital signals can be transmitted from the hospital to any destination in a store-and forward 
mode or in real-time mode 
 
Objective: 
The main vision of modern day medical industry is to provide better healthcare to people anytime and 
anywhere in the world in a more economic and patient friendly manner. Therefore for increasing the 
patient care efficacy, there arises a need to improve the patient monitoring devices and make them 
more mobile. As the biomedical instrumentation and computer technologies are advancing, it has 
become feasible to design a vital monitoring system to acquire record, display and transmit the 
physiological signal from the human body to the doctor. 
Proposed System:  



 
 

 

 

 
The proposed system block diagram is as shown in Fig .The ECG parameters , Heart rate, Blood 
Pressure , temperature respiratory oxygen , handgrip force and air volume in lung are measured sensor 
using biosensors and then converted into electrical signals to interface to a Computer. The bio signals 
are  processed  using LabVIEW software and also abnormalities are checked using designed 
algorithms. This data is then transferred to Hospital and cloud database using web publishing toolkit 
of LabVIEW.  The computer based signal acquisition; processing and analysis system using 
LabVIEW is used as peak detection tool in detection and filtering of biomedical signals. The 
computer-based patient education can help improve the patient’s awareness and understanding of his 
or her disease, thus the efficiency of treatment can be increased. The LabVIEW software is used as 
the integrating platform for acquiring, processing and transmitting the physiological data as it is an 
excellent graphical programming environment to develop sophisticated measurement, test, and control 
systems. The signal acquired here are ECG, BLOOD PRESSURE ,TEMEPERATURE and HAND 
DYNAMOMETER. These signals acquired through sensors connected to PC having a LabVIEW 
platform through a DAQ device interfaced through an NI-USB 6281 having analog and digital 
input/output channels. 
 
Hardware and Software  Implementation 
The Electrocardiogram (ECG) Sensor module is a standard 3-lead that measures electrical signals 
produced during muscle contractions. Each of the three leads on the sensor connect to disposable 
electrodes. 
The ECG abnormalities are detected by measuring and comparing P-R, QRS and Q-T intervals with 
normal values . The blood pressure is monitored to detect hypotension or hypertension condition. The 
heart rate is measured to detect life threatening disease like arrhythmias which may affect pumping 
functionality of  the heart . The arrhythmias may be either tachycardia (for faster heartbeat i.e. more 
than 100 beats per minute or bradycardia (for very slower heartbeat i.e. less than 60 beats per minute). 
The patient body temperature is measured to determine fever , Hypothermia and hyperthermia. The 
dynamometer is used to access muscular fatigability and grip strength as an applied force in Kg.
 
Experimental Results: 
The front panel for LabVIEW program for ECG,Blood Pressure and Heart rate  measurement are as 
shown below. 



 
 

 

 

 

Fig.  Front Panel of ECG measurement in LabVIEW 

 

Fig.Blood Pressure Measurement  front panel in LabVIEW 

 

Fig.).  Heart Rate Monitoring LabVIEW Front Panel 

The abnormalities in ECG can be detected using algorithm implemented in LabVIEW is shown in 
Fig.  

 

Fig. ECG Abnormalities detection 



 
 

 

 

             The algorithm implemented to detect abnormalities in heart rate is as shown in Fig. below and 
compared with normal and abnormal ranges 

 
Fig. Heart Rate Monitoring for Abnormalities detection 

 
Fig. Fatigue Monitoring LabVIEW Front Panel 



 
 

 

 

VII. Conclusion and Future Enhancement 
After having verified the Virtual Instruments along with their publishing on web using LabVIEW, there 
still exists ample scope for the project to become a fullfledged standalone device. For instance, although 
internet in the form of Wi-Fi was available in the lab using which the web-publishing was tested on 
remote desktop's; however, in an ambulance there is no internet connectivity and therefore there arises the 
need to use software's like TeamViewer to share screens along with mobile packet data used both at both 
the patient's and doctor's end. The testing of mobile packet data through suite software's available (Nokia 
Suite for instance) has to be carried out in future along with inclusion of other sensor's like Spirometer, 
Pulse Rate Oximeter, Digital Stethoscope, Heart Rate Monitor and Camera's (webcam) on both sides i.e., 
in ambulance and hospital so that the patient and doctor see each other can communicate especially for 
the doctor to personally provide hospitality. The psychological effect of this method does pacify most of 
them. The other most important implementation in future would be to detect abnormalities in the signals 
acquired lessening the burden on the doctor! As biomedical engineers, having gained a thorough 
understanding of concepts, it would be interesting to carry out the diagnosis rather than just transmitting 
the acquired data. Therefore, future VI's would help detect abnormalities in the ECG signals, temperature 
fluctuations, BP etc., and warn the doctor before the patient arrives so that the doctor is ready with the 
right treatment. Apart from that, a GSM (Global System for Mobile Communications) module would also 
be interfaced which will send a sms (short message service) in a designed template stating or reporting the 
vital parameters. All of this would be stand-alone, installed in the ambulance. The VI's created have to be 
dumped onto a platform and along with sensors, DAQ card, processing circuit and GSM module, this 
would take the shape of a product which can be put to sale after rigorous testing in ambulances. So far, 
the main task of the team was to acquire data and in which we were successful! The data acquired was not 
at all sensitive to external or internal disturbances and was in a form from which all the above mentioned 
future work can be carried out. Thus, no doubt that this would take the shape of a marketable device in 
future. 
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ABSTRACT: 
 

The main aim of this project is to design and construct a hand movement based 
speaking system for physically challenged. The user can wear this device to hand and with the 
simple hand movements, he can request the basic needs like water, medical emergency, route, 
and privacy by using Flex sensors and MEMS technology. The system also provides visual alerts 
using android mobile about gesture based needs. This flex sensor is a unique component that 
changes resistance in proportion to the degree it is bent. 

This project makes use of a APR-33A3 voice chip for audio announcements and 
Micro controller, which is programmed, with the help of embedded C instructions. This 
microcontroller is capable of communicating with input and output modules. The flex based 
sensor detects the movement and provides the information to the microcontroller (on board 
computer) and the controller judges and controls the voice operation respectively.  

This project makes use of a micro controller, which is programmed, with the help 
of embedded C instructions. The MEMS based sensor detects the tilt and provides the 
information to the microcontroller (on board computer) and the controller judges whether the 
instruction is right movement or left movement instruction and controls the direction 
respectively. The Microcontroller in the project is programmed using Embedded C language 
which provides an effective environment in performing the task. 
 
1.INTRODUCTION: 
 

The main aim of this project is to design and construct a hand movement based speaking 
system for physically challenged. The user can wear this device to hand and with the simple 
hand movements, he can request the basic needs like water, food or medicine by using Flex 
sensors and MEMS technology. The system also provides visual alerts using android mobile 
about gesture based needs.  
This flex sensor is a unique component that changes resistance in proportion to the degree it is 
bent. The sensor when lying flat has a nominal resistance of 10,000 ohms (10K). As the flex 
sensor is bent the resistance increases in proportion. At 90 degrees the sensors resistance will 
increase to approximately 35,000 ohms (35K).This device is very helpful for paralysis and 
physically challenged persons. 



 
 

 

 

2.DESCRIPTION OF THE PROJECT: 
 
 
 
 
 

This device is portable and this system operation is entirely driven by flex sensor technology. 
User can wear it to his hand like a band and can operate it by just movements using the flex and 
MEMS accelerometer sensors. The system also displays about the needs on android mobile using 
Bluetooth technology.  
This project makes use of a APR-33A3 voice chip for audio announcements and Micro 
controller, which is programmed with the help of embedded C instructions. This microcontroller 
is capable of communicating with input and output modules. The flex based sensor detects the 
movement and provides the information to the microcontroller (on board computer) and the 
controller judges and controls the voice operation respectively.  
This project makes use of a micro controller, which is programmed, with the help of embedded C 
instructions. The MEMS based sensor detects the tilt and provides the information to the 
microcontroller (on board computer) and the controller judges whether the instruction is right 
movement or left movement instruction and controls the direction respectively.  
The Microcontroller in the project is programmed using Embedded C language which provides 

an effective environment in performing the task. 
 

PIC compiler is software used where the machine language code is written and compiled. After 
compilation, the machine source code is converted into hex code which is to be dumped into the 
microcontroller for further processing. PIC compiler also supports C language code. 

 
It’s important that you know C language for microcontroller which is commonly known as 
Embedded C. As we are going to use PIC Compiler, hence we also call it PIC C. The PCB, 
PCM, and PCH are separate compilers. PCB is for 12-bit opcodes, PCM is for 14-bitopcodes, 
and PCH is for 16- bit opcode PIC microcontrollers. Due to many similarities, all three compilers 
are covered in this reference manual. Features and limitations that apply to only specific 
microcontrollers are indicated within. These compilers are specifically designed to meet the 
unique needs of the PIC microcontroller. This allows developers to quickly design applications 
software in a more readable, high-level language. When compared to a more traditional C 
compiler, PCB, PCM, and PCH have some limitations. As an example of the limitations, 
function recursion is not allowed.  
This is due to the fact that the PIC has no stack to push variables onto, and also because of the 
way the compilers optimize the code. The compilers can efficiently implement normal C 
constructs, input/output operations, and bit twiddling operations. All normal C data types are 
supported along with pointers to constant arrays, fixed point decimal, and arrays of bits.  
PIC C is not much different from a normal C program. If you know assembly, writing a C 
program is not a crisis. In PIC, we will have a main function, in which all your application 
specific work will be defined. In case of embedded C, you do not have any operating system 
running in there. So you have to make sure that your program or main file should never exit. This 
can be done with the help of simple while (1) or for (;;) loop as they are going to run infinitely. 
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2.1 Placement of Sensors: 
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These types of bend sensors are passive resistive devices typically fabricated by laying a strip of resistive 
ink on a flexible plastic substrate, shaped as a thin, flexible stripe in lengths between 1” and 5”. At rest 
(when laid flat), the bend sensor is characterized by an intrinsic resistance. As the sensor is bent, the 
resistive materials inside it are pulled further apart. Fewer adjacent resistive particles come into contact, 
thereby increasing the resistance. Typically, the nominal resistance lays between 10kΩ and 50kΩ and 
increases by a factor of 10 at full deflection. The resistance can be converted into a voltage using a 
voltage divider circuit. 
 
As the sensor is flexed, the resistance across the sensor increases.  
Results: 
 
The project “GESTURE VOCALIZER” is designed such that construct a hand movement based 
speaking system for physically challenged. The user can wear this device to hand and with the 
simple hand movements, and can request the basic needs like water, food or medicine by using 
Flex sensors and MEMS technology. The system also provides visual alerts using android mobile 
about gesture based needs.  
Fig : Gestures successfully converted to speech 



 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig :Device successfully built 
 
The following gesture are successfully presented in the form of speech. 
 
1. Hi, Nice to meet you. 2. Lift please   
10. medical emergency   
11. Please show the way   
12. Please give some water 6. Please leave me alone 7. Thank you.  
 
When the share button is clicked, it works as below, it displays various options to share. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig : Screenshots of results 



 
 

 

 

These gestures are transmitted to the phone using a Bluetooth and the results obtained are as 

follows: 
 
All the gestures made are shown on the list and when the gesture is “medical emergency”, We 
set the phone number as +919951465620 in the code. Hence it automatically initiates a call to 
the predefined number. 
 
When share button is clicked, we selected the app as ‘Whatsapp’ to which the gestures must 

be transmitted and obtained the following result as below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.CONCLUSIONS:  
Integrating features of all the hardware components used have been developed in it. Presence of 
every module has been reasoned out and placed carefully, thus contributing to the best working 
of the unit. Secondly, using highly advanced IC’s with the help of growing technology, the 
project has been successfully implemented. Thus the project has been successfully designed and 
tested. 
 
6.FUTURE SCOPE 
 
Our project “GESTURE VOCALIZER” is mainly intended to design and construct a hand 
movement based speaking system for physically challenged. The user can wear this device to 
hand and with the simple hand movements, he can request the basic needs like water, food or 
medicine by using Flex sensors and MEMS technology. The system also provides visual alerts 
using android mobile about gesture based needs  
This project makes use of a APR-33A3 voice chip for audio announcements and Micro 
controller, which is programmed, with the help of embedded C instructions. This microcontroller 
is capable of communicating with input and output modules. The flex based sensor detects the 
movement and provides the information to the microcontroller (on board computer) and the 
controller judges and controls the voice operation respectively.  
This project makes use of a micro controller, which is programmed, with the help of embedded C 

instructions. The MEMS based sensor detects the tilt and provides the information to the 



 
 

 

 

microcontroller (on board computer) and the controller judges whether the instruction is right 

movement or left movement instruction and controls the direction respectively. 
 
This project can be extended by using RS485 which also uses wired mechanism, but distance can 
be increased. Also, wireless technology like Wifi can be used which eliminates the wired 
mechanism. Also, GSM module can be used to send the monitored tilt values and alerting 
messages to predefined numbers about emergency. The project can be extended by using GPS 
receiver module which gives the location of the person at times of emergency or the app can be 
improved such that the location can be traced using the GPS and GPRS of the phone which gives 
more accurate results than the GPS and GSM modules moreover it is very cost effective when 
compared to these modules. 
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Abstract 
The welding parameters play vital role in joining the work pieces by TIG welding for 6351 Aluminium alloy. In 
this project work, influence of welding parameters on TIG welded specimen are investigated. Using L9 
orthogonal array tests are conducted on the weldments by varying weld parameters like weld current, weld 
voltage, number of pulses and root gap. Hardness test, tensile test and micro structure results are studied. The 



 
 

 

 

experimental results pertaining to different welding parameters are analysed. Taguchi robust design 
methodology is applied to optimize the input parameters to improve the performance of welding. The optimum 
conditions to improve tensile strength of the weld joint are found to be set current-190 A, gas flow rate-10 
mm/s, root ga-1.5 mm and number of pulses 4. Similarly,the optimum conditions to improve hardness of the 
weld joint are found to be set current 190 A, gas flow rate 14 mm/s, root gap 2.5 mm and number of pulses 4. 
 
Key words: Tensile test, Microstructure test, Micro hardness test, Taguchi analysis. 
 
1.0 Introduction 
TIG welding is an arc welding process that uses a non-consumable tungsten electrode to produce weld. The 
weld area is protected from atmosphere by an inert shielding gas (argon or helium), and a filler metal is 
normally used. The power is supplied from the power source (rectifier), through a hand-piece or welding torch 
and is delivered to a tungsten electrode which is fitted into the hand piece. An electric arc is then created 
between the tungsten electrode and the work piece using a constant-current welding power supply that produces 
energy and conducted across the arc through a column of highly ionized gas and metal vapors. The tungsten 
electrode and the welding zone are protected from the surrounding air from inert gas. The electric arc can 
produce temperatures of  up to 20,000°C and this heat can be focused to melt and join two different parts of 
material. Tungsten electrodes are commonly available from 0.5 mm to 6.4 mm diameter and 150 – 200 mm 
length. The current carrying capacity of each size of electrode depends on whether it is connected to negative or 
positive terminal of DC power source. The power source required to maintain the TIG arc has a dropping or 
constant current characteristic which provides an essentially constant current output when the arc length is 
varied over several millimeters. Hence, the natural variations in the arc length which occur in manual welding 
have little effect on welding current. The capacity to limit the current to the set value is equally crucial when the 
electrode is short circuited to the work piece, otherwise excessively high current will flow, damaging the 
electrode. Open circuit voltage of power source ranges from 60 to 80 V. 
 
2.0 Power Sources for TIG Welding  
Power sources for use with TIG welding must be capable of delivering a constant current at a preset value. They 
are often called “drooping characteristic” units. Rectifier units are 
commonly used for Dc welding although motor generators may be more suitable for site use. Combined ac/dc 
power sources can be used where there is a mix of work. 
 
2.1 Electrodes for TIG Welding 
Pure tungsten electrodes can be used for TIG welding. Thoriated and zirconiated types give easier starting and 
better arc stability and are generally preferred. Thoriated tungsten electrodes contain 2% thoria (thorium oxide) 
and are used for dc welding. Zirconiated tungsten electrodes contain 2% zirconia (zirconium oxide) and are 
recommended for ac welding of aluminium. The diameter of the electrode is chosen to match the current. The 
minimum current depends on arc stability. The maximum current a given diameter of electrode can carry is 
determined by the onset of overheating and melting. 
 
 
2.2 Process parameters of TIG welding 
The parameters that affect the quality and outcome of the TIG welding process are given below.  
a) Welding Current 
Higher current in TIG welding can lead to splatter and work piece become damage. Again lower current setting 
in TIG welding lead to sticking pf the filler wire. Sometimes larger heat affected area can be found for lower 
welding current, 
as high temperatures need to be applied for longer periods of time to deposit the same amount of filling 
materials. Fixed current mode will vary the voltage in order to maintain a constant arc current. 
b) Welding Voltage 
Welding Voltage can be fixed or adjustable depending on the TIG welding equipment. A high initial voltage 
allows for easy arc initiation and a greater range of working tip distance. Too high voltage, can lead to large 
variable in welding quality. 
c) Inert Gases 
The choice of shielding gas depends on the working metals and effects on the welding cost, weld temperature, 
arc stability, weld speed, splatter, electrode life etc. it also affects the finished weld penetration depth and 
surface profile, porosity, corrosion resistance, strength, hardness and brittleness of the weld material. Argon or 
Helium may be used successfully for TIG welding applications. For welding of extremely thin material pure 
argon is used. Argon generally provides an arc which operates more smoothly and quietly. Penetration of arc is 



 
 

 

 

less when Argon is used than the arc obtained by the use of Helium. For these reasons argon is preferred for 
most of the applications, except where higher 
heat and penetration is required for welding metals of high heat conductivity in larger thicknesses. Aluminium 
and copper are metals of high heat conductivity and are examples of the type of material for which helium is 
advantageous in welding relatively thick sections. Pure argon can be used for welding of structural steels, low 
alloyed steels, aluminium, copper, titanium and magnesium. Argon hydrogen mixture is used for aluminium and 
copper. Helium argon mixtures may be used for low alloy steels, aluminium and copper. The Schematic diagram 
of TIG welding            and    Principle of TIG welding are shown in Figure 1 and Figure 2 respectively 

 
 
 

Figure 1: Schematic diagram of TIG welding               Figure 2: Principle of TIG welding 
 
d) Welding speed 
Welding speed is an important parameter for TIG welding. If the welding speed is increased, power or heat 
input per unit length of weld decreases, therefore less weld reinforcement and less weld penetration. Welding 
speed primarily controls 
the bead size and penetration of weld. It is interdependent with current. Excessive high welding speed decreases 
wetting action, increases tendency of undercut, porosity and uneven bead shapes. While slower welding speed 
reduces the porosity. 
e) Root gap 
Root gap is the gap between adjoining root faces. To enhance proper welding operation, the gap between two 
metals should not be too small, otherwise the root would be inadequately fused during welding and the weld 
strength would be reduced. On the other hand, the gap should not be set too large because the weld metal would 
simply pass through it. The function of the gap between adjoining root faces is to increase the depth of 
penetration down to the root of weld. 
 
2.3 Types of welding current used in TIG welding 
a) DCSP (Direct Current Straight Polarity):In this type of TIG welding direct current is used. Tungsten electrode 
is connected to the negative terminal of power supply. This type of connection is the most common and widely 
used DC welding process. With the tungsten being connected to the negative terminal it will only receive 30% 
of the welding energy (heat). The resulting weld shows good penetration and a narrow profile. 
b) DCRP (Direct Current Reverse Polarity):In this type of TIG welding setting tungsten electrode is connected 
to the positive terminal of power supply. This type of connection is used very rarely because most heat is on the 
tungsten, thus the tungsten can easily overheat and burn away. DCRP produces a shallow, wide profile and is 
mainly used on very light material at low Amp. 
c) AC (Alternating Current):It is the preferred welding current for most white metals, e.g. aluminium and 
magnesium. The heat input to the tungsten is average dout as the AC wave passes from one side of the wave to 
the other. On the half cycle, where the tungsten electrode is positive, electrons will flow from base material to 
the tungsten. This will result in the lifting of any oxide skin on the base material. This side of the wave form is 
called the cleaning half. As the wave moves to the point where the tungsten electrode becomes negative the 
electrons will flow from the welding tungsten electrode to the base material. This side of the cycle is called the 
penetration half of the AC wave forms. 



 
 

 

 

d) Alternating Current with Square Wave: With the advent of modern electricity AC welding machines can now 
be produced with a wave form called Square Wave. The square wave has better control and each side of the 
wave can give a more cleaning half of the welding cycle and more penetration. 
 
3.0 EXPERIMENTAL PROCEDURE 
3.1 Sample preparation for TIG welding 
Commercial Aluminium (Al 6351) plate of thickness 5 mm was selected as work piece material for the present 
experiment and is tested for chemical composition. The chemical composition of the raw material can be seen in 
Table 1   
 

Table 1: Test report for chemical testing 
Material Si Fe Cu Mn Mg Zn Ni Cr Ti Al 

Aluminium 0.74 0.254 0.083 0.52 0.74 0.015 0.032 0.018 0.023 Remaining 
 
Tested Aluminium plate was cut with dimension of 100 mm x 50 mm with the help of jig saw. Cutting is 
followed by grinding to smooth the surfaces to be joined. Further, grinded surfaces are polished with emery 
paper to remove any kind of dust or impurities. These Aluminium pieces are then subjected to bevel grinding at 
an angle of 45° so that there should be a better root penetration.   
 
 

 
   Figure 3: Cutting of raw material using jig saw     Figure 4: Bevel grinding of Aluminium Samples 

 
Bevel grinded samples are subjected to pickling process (cleaning process using 70%water and 30% nitric acid) 
to remove any external foreign particles.Figure 3 shows the cutting of raw material using jig saw and   Figure 4 
shows bevel grinding of Aluminium Samples. 
 
3.2 TIG welding 
After sample preparation, Aluminium plates are fixed side by side on the working table with flexible clamp and 
welding is done to get a butt joint. The end of the electrode was prepared by reducing the tip diameter to 2/3 of 
the original diameter by grinding and then striking an arc on a scrap material piece. This creates a ball on the 
end of the electrode. Generally an electrode that is too small for the welding current will form an excessively 
large ball, whereas too large an electrode will not form a satisfactory ball at all. Tacking of runner pieces of size 
25 mm x 50 mm is done on these Aluminium pieces so that there is smooth flow of welding torch to get good 
defect free weld bead. The samples to be welded are held firmly in a work holding table and are TIG welded. 
Welding is performed by varying input parameters like welding current, gas flow rate and root gap. Input 
parameters taken in this work are mentioned in Table 2.  Figure 5 shows Pickling of Al Samples,   Figure 6 
shows Tacking of Al samples    and  Figure 7 shows TIG welding of Al samples. 
 

 



 
 

 

 

 
Figure 5: Pickling of Al Samples   Figure 6: Tacking of Al samples     Figure 7: TIG welding of Al samples 
 
 

Table 2: Welding parameters for experiments 
 

Parameters Range 
Welding current (100-190) A 

Voltage (10-20)V 
Root gap ( 1.5, 2, 2.5) mm 

Distance of tip from 
weld center 

3 mm 

Gas flow rate (10-15) mm/sec 
Current type DCSP 
Dimension 100mm*50mm*5mm 

 
Table 3: Observation Table 

 

Exp. 
No. 

Sample 
No. 

Set 
current 

Argon 
gas 
flow 
rate 

Root 
gap 

 

Number 
of 

pulses 
Voltage Current 

 

1 1 170 10 1.5 0 13-
13.4 

91-
141 

2 1 170 10 1.5 0 12.9-
13.2 

89-
142 

3 2 170 12 2 2 12.6-
14.6 

114-
152 

4 2 170 12 2 2 12.4-
14.5 

115-
152 

5 3 170 14 2.5 4 12.8-
14.7 

150-
158 

6 3 170 14 2.5 4 12.6-
14.5 

148-
157 

7 4 180 10 2 4 12.5-
12.6 

140-
168 

8 4 180 10 2 4 13.8-
14.6 

142-
169 

9 5 180 12 2.5 0 13.8-
14.6 

157-
137 

10 5 180 12 2.5 0 13.6-
14.9 

158-
136 

11 6 180 14 1.5 2 13.1-
14.3 

136-
175 

12 6 180 14 1.5 2 13.2-
14.3 

137-
173 

13 7 190 10 2.5 2 12.2-
12.4 

126-
140 

14 7 190 10 2.5 2 12.1-
12.4 

127-
139 

15 8 190 12 1.5 4 13.2-
13.5 

156-
168 

16 8 190 12 1.5 4 13.3-
13.6 

157-
169 

17 9 190 14 2 0 12.1-
12.4 

157-
150 

18 9 190 14 2 0 12-
12.4 

156-
148 

 
3.3 Sample preparation for testing 
After performing the welding, tensile test specimens of dimensions shown in Figure 8 are cut from each sample. 
Tensile test was performed with universal tensile testing machine (Instron-600) with maximum load capacity of 
600 kN. Further, two specimens of dimensions 25 mm x10 mm x5 mm specimen were cut from each sample for 
micro-structural study and micro-hardness measurement. Experimental results are shown in Table 3. 
 
 

 
Figure 8: Dimensions of Tensile test specimen 

 
 
 
 
3.4 Testing of TIG welded Aluminium specimen 
 
Following tests are performed on welded specimen and the results were taken for analysis 
1.Tensile Testing    2.Micro Hardness Testing  3.Micro structure analysis 

 
4.0 RESULTS AND DISCUSSIONS 
4.1 Tensile Test 
Tensile test of the welded joints were performed with universal tensile testing machine. Input data for tensile 
test is shown in Table 4 

Table 4: Input data for tensile test 
Shape Flat 

Material Type Specimen Al. Alloy 

Specimen Width 12.44 – 12.52 mm 



 
 

 

 

Specimen Thickness 4.85 – 4.98 mm 

Gauge Length 30 mm 

Pre Load Value 0 KN 

Max. Load 200 KN 

Max. Elongation 200 mm 

Specimen Cross Section Area 60.65 – 62.2 mm² 

Final Gauge Length 33.5 – 36.08 mm 

 
Load applied on each specimen while testing is plotted against the Cross Head Travel shown in sample 1-9 and 
the following parameters are found out. 

1. Load At Yield 
2. Yield Stress 
3. Load at Peak 
4. Tensile Strength 
5. % Elongation 

From the analysis of tensile test results it is clear that the Tensile strength at high current is found to be higher 
while the yield stress is comparatively lower than that of yield stress at lower currents 
 

Tensile test results of samples  
(Load vs. Cross Head Travel) 

            Sample 1         Sample 2            Sample 3 

 
 

           Sample 4          Sample 5            Sample 6 

 
 



 
 

 

 

Sample 7    Sample 8        Sample 9 

 
 
4.2 Micro Hardness Test 
All the nine test specimens are subjected to micro hardness testing. Hardness is measured for each specimen at 
three different zones i.e. weld zone, heat affected zone (HAZ) and at base material. This test enables us to 
understand the change in mechanical property of the weldment throughout its length. Following table shows the 
measured micro hardness of each test sample at three different zones. From the results of hardness test it was 
found that the Hardness values of weld zone change with the distance from weld center due to change of 
microstructure. It was found that according to the base metal, the hardness values of heat affected zone 
decreased and the hardness values of welding zone were lower than heat affected zone which may be due to 
weld penetration. Table 5 shows results of Micro Hardness test. 
 

Table 5: Micro Hardness test results 
Sample 

NO 
Hardness @ 

weld 
Hardness @ 

HAZ 
Hardness @ 

Base material 

1 33.7 HV0.5 53.2 HV0.5 67.2 HV0.5 

2 41.4 HV0.5 53.7 HV0.5 66.6 HV0.5 

3 43.4 HV0.5 56.9 HV0.5 67.3HV0.5 

4 44. HV0.5 57.4 HV0.5 67.6 HV0.5 

5 45.8 HV0.5 52.3 HV0.5 66.4 HV0.5 

6 44.2 HV0.5 53.1 HV0.5 66.2 HV0.5 

7 44.6 HV0.5 54.8 HV0.5 65.6 HV0.5 

8 46.4 HV0.5 49.7 HV0.5 65.5 HV0.5 

9 48.3 HV0.5 53.7 HV0.5 67.3 HV0.5 

 
4.3 Micro Structure Study 
All the nine test samples are taken for micro structure testing and before testing all the samples are subjected to 
grinding, polishing and etching to reveal accurate micro structure.  During microscopic examination, the 
structure of a material is studied under magnification. The properties of a material define how it will perform 
under a given application and these properties are dependent on material’s structure. Optical microscopy 
photographs of each sample at weld zone and HAZ (Heat Affected Zone) are shown in Figures 8 – 25. Figure 26 
shows the micro structure of base metal. 

 

   
Figure 8: Micro Structure of Sample 1 at weld zone   Figure 9: Micro Structure Analysis of Sample 1 at HAZ 

 



 
 

 

 

   
Figure 10: Micro Structure of Sample 2 at weld zone Figure 11: Micro Structure Analysis of Sample 2 at HAZ   
 

 
Figure 12: Micro Structure of Sample 3 at weld zone       Figure 13: Micro Structure Analysis of Sample 3 at HAZ      
 

 
Figure 14: Micro Structure of Sample 4 at weld zone       Figure 15: Micro Structure Analysis of Sample 4 at HAZ     
  . 

  
Figure 16: Micro Structure of Sample 5 at weld zone             Figure 17: Micro Structure Analysis of Sample 5 at HAZ    
. 

 
Figure 18: Micro Structure of Sample 6 at weld zone             Figure 19: Micro Structure Analysis of Sample 6 at HAZ    



 
 

 

 

 
Figure 20: Micro Structure of Sample 7 at weld zone    Figure 21: Micro Structure Analysis of Sample 7 at HAZ 

. 

  
Figure 22: Micro Structure of Sample 8 at weld zone        Figure 23: Micro Structure Analysis of Sample 8 at HAZ 
 

 
Figure 24: Micro Structure of Sample 9 at weld zone        Figure 25: Micro Structure Analysis of Sample 9 at HAZ 

 

 
Figure 26: Micro Structure of Base material at weld zone 

 
 
4.4 Analysis of Mean 
Analysis of mean for tensile strength and hardness can be inferred from the Table 6 and 7 respectively. 
 
Table 6: Summary of S/N Ratios for Tensile Strength Table 7: Summary of S/N Ratios for Hardness 
 

FACTOR LEVEL 1 LEVEL 2 LEVEL 3 
SC 44.27 44.15 44.55 

GFR 44.44 44.26 44.28 
RG 44.47 44.15 44.37 
NF 44.23 44.34 44.52 

 

 
FACTOR LEVEL 1 LEVEL 2 LEVEL 3 

SC 31.86 33.03 33.34 
GFR 32.08 33.05 33.12 
RG 32.25 32.98 33.01 
NF 32.42 32.85 33.12 

 



 
 

 

 

From above Table 6 the best condition for set current factor is level 3 (190 A), for gas flow rate is level 1 (10 
mm/sec), for root gap is level 1 (1.5 mm) and for number of pulses is level 3 (4). Thus, the optimum conditions 
chosen were: A3-B1-C1-D3combination. 
 
Table 8: Analysis of Variance for Tensile Strength              Table 9: Analysis of Variance for Hardness 
FACTOR SS DOF  MSS F-RATIO SS’ Ρ (%) 
SC 186.31 2 93.155 163.64 186.31 40.28 
GFR 37.92 2 18.961 33.31 37.92 8.20 
RG 115.75 2 57.876 101.67 115.75 25.03 
NF 117.34 2 58.675 103.07 117.34 25.37 
ERROR 5.123 9 0.569 - 5.123 1.12 
TOTAL 462.45 17 - - - - 
 

FACTOR SS DOF M.S.S F-RATIO SS’ P (%) 
SC 157.72 2 79.361 196.22 79.36 52.24 
GFR 84.70 2 42.351 104.71 84.70 27.88 
RG 41.40 2 20.701 51.18 41.40 13.63 
NF 15.33 2 7.667 18.96 15.33 5.04 
ERROR 3.640 9 0.404 - 3.640 1.21 
TOTAL 303.78 17 - - - 100 

From Table 7, the best condition for set current factor is level 3 (190 A), for gas flow rate is level 3 (14 
mm/sec), for root gap is level 3 (2.5 mm) and for number of pulses is level 3 (4). Thus, the optimum conditions 
chosen are: A3-B3-C3-D3 combination. 
 
4.5 Analysis of Variance 
Analysis of Variance for tensile strength and hardness can be inferred from Table 8 & Table 9 respectively.   
Comparing the values of F-ratio in Table 8 and Table 9 with F(0.05,2,9) = 4.26, it was found that Fcalculated> F(0.05,2,9). 
This concludes that the factors selected are significant for the process. 
 
4.6 Confirmation Test  
4.6.1 Tensile Test : 
A confirmation test is performed with the obtained optimum welding parameters (set current-190 A, gas flow 
rate-10, root gap-1.5, number of pulses-4). The tensile strength values are taken for two trials and the S/N ratio 
is calculated for this condition. These values are shown in Table 10 and 11. Here the S/N ratio value of 
verification test is within the limits of the predicted value and the objective is fulfilled. Hence, these suggested 
optimum conditions can be adopted. 
 
Table 10: Comparison Test Results for Tensile Strength Table 11: Comparison of S/N Ratios for Tensile Strength 

Tensile Test values  
S/N RATIO 1 2 Average 

174.248 178.434 176.341 44.91 

 
𝜂𝜂predicted 44.941 
𝜂𝜂conformation 44.976 

 
 
4.6.2 Hardness Test 
A confirmation test is performed with the obtained optimum welding parameters (set current-190 A, gas flow 
rate-14, root gap-2.5, number of pulses-4). The hardness values are taken for two trials and the S/N ratio is 
calculated for this condition. These values are shown in Table 12 and 13. Here the S/N ratio value of verification 
test is within the limits of the predicted value and the objective is fulfilled. Hence, these suggested optimum 
conditions can be adopted. 
 
Table 12: Comparison Test Results for Hardness              Table 13: Comparison of S/N Ratios for Hardness 

Hardness Test values  
S/N RATIO 1 2 Average 

51.9 50.5 51.2 34.1853 

 
𝜂𝜂predicted 34.189 
𝜂𝜂conformation 34.185 

 
 
5.0 CONCLUSIONS 
From the experimental investigations of Aluminium 6351, the following conclusions are drawn 
 The optimum conditions obtained to maximize the tensile strength are set current at 190 A, gas flow rate at 

10 mm/sec, root gap at 1.5 mm and number of pulses at 4. 
 The optimum conditions obtained to maximize the tensile strength are set current at 190 A, gas flow rate at 

14 mm/sec, root gap at 2.5 mm and number of pulses at 4. 
 The set current parameter contributed (40.28 %) more to enhance the tensile strength of weldment, followed 

by number of pulses, root gap and gas flow rate. 
 The set current parameter contributed (52.24 %) more to enhance the hardness of weldment, followed by gas 

flow rate, root gap and number of pulses. 
 The Hardness of heat affected zone is decreased and the weld zone hardness is found to be lower than 

hardness of heat affected zone which is due to weld penetration, type of filler rod and area of weld pool. 



 
 

 

 

 Micro structure of heat affected zone revealed fine intermetallic particles and uniform distribution of grains, 
which indicates better strength and hardness of the weldment. 

 Micro structure of weld zone has shown fine grains of intermetallic particles and uniform or non uniform 
elongated grain flow pattern. 
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Abstract—This project aims at modelling and simulating a 
two seat electric micro car equipped with hub motors built in 
type with tyre and tube supported by battery pack. The first 
stage of the design is the theoretical determination of the 
maximum power required by such a road vehicle as mentioned 
above. Calculations on vehicle dynamics such as the rolling 
resistance of the vehicle, the air drag, the gradient resistance, 
and the acceleration force are made for the vehicle mentioned 
above, to arrive at the tractive force value. Maximum power 
requirement thus computed is used to calculate the motor 
torque and speed requirements at a specific transmission ratio 
between the motor and the traction wheels.  

The requirement is met by two 800W brushless direct 
current (BLDC) motors. The next step is the choice of battery 
pack to provide enough power and energy for the first 50 km of 
driving after being fully charged. Lead acid traction batteries 
were selected for this application. The maximum speed of the 
vehicle is 50 kmph, weighing 250kg, thus the choice of the 
motor is justified. Thus the design of the Electric drive of the 
electric vehicle is over and all that remains is for the selection 
of a motor and battery. An 800 W hub motor and 46Ah, 48V 
valve regulated lead acid (VRLA) batteries are parts of the 
power unit selected, which is sufficient for our application.   

Keywords— vehicle dynamics; rolling resistance; air drag; 
tractive force; BLDC motors; VRLA battery pack 

 INTRODUCTION  
Environmental and economic issues are the major driving 

force in developing electric vehicles for urban transportation. 
The exhaust emissions of the conventional internal 
combustion engine (ICE) vehicles are the major source of 
urban pollution that causes the greenhouse effect leading to 
global warming. The pollution problem is only going to 
worsen with the increasing number of automobiles being 
introduced on the road every year. Statistics show that the 
number of automobiles in our planet have increased from 
half a billion to more than a billion from 1992 to year 2000. 
Although, when efficiency is evaluated on the basis of 
conversion from crude oil to tractive effort at the wheels, the 
numbers for electric vehicles are not significantly higher, it 
does make a difference. Transport Sector is a major 

contributor of the air pollutants especially in the regions of 
large human population like in urban areas. In India, the 
transport sector is the major producer of the carbon dioxide 
(CO2) greenhouse gas and the second largest consumer of 
energy after the industrial sector. With fluctuating crude oil 
prices and the increasing dependency on the depleting 
petroleum products, the future of conventional mobility 
remains questionable. Increasing air pollutant levels has 
given way to more stringent norms being introduced by 
governments all-round the globe. Electric vehicle is the only 
alternative for a clean, efficient, and environmentally friendly 
urban transportation system. 

Electric vehicles 
An electric vehicle (EV), also referred to as an electric 

drive vehicle, uses one or more electric motors or traction 
motors for propulsion. An electric vehicle may be powered 
through a collector system by electricity from off-vehicle 
sources, or may be self-contained with a battery or generator 
to convert fuel to electricity. EVs include road and rail 
vehicles, surface and underwater vessels, electric aircraft 
and electric spacecraft. 

Significance of micro car 
Micro car is a group of cars that are the smallest on the 

road. The car classifications system lists micro cars as their 
smallest car. Micro cars were much more popular in the 
past, with their peak of existence in the 1940s through the 
1960s. There are still some micro cars being developed 
today. The one most people will know is the Smart Fortwo 
car, since that is a popular selection on the roads. 

The need for the electric micro car 
A number of significant environmental benefits 

accompany the use of grid electricity in an electric micro 
car. BEVs can reduce direct emissions at the vehicle, with 
positive implications for transportation-dense urban areas 
that suffer from poor air quality due to mobile-source 
emissions. BEVs recharged by electricity, produced by 
efficient combustion, non-emitting, or renewable generation 
technologies will emit significantly lower fuel-cycle 
greenhouse gas emissions than either conventional or hybrid 
vehicles. BEVs work well for vehicles that operate where 
relatively short trips comprise the bulk of distance travelled. 
By recharging between these short trips, a large portion of 
the motive energy can come from the electrical grid as 
opposed to gasoline or other fossil fuels. 
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VEHICLE MODELLING 
The purpose of modeling is to convert input parameters 

(performance measurements like desired range, driving 
cycle that must be sustained and types of power and storage 
components) into the output parameters of curb weight, 
battery pack capacity and cost. The derivations of 
parameters that influence the vehicle tractive efforts are 
based on Newton’s second law of motion. 
 

Modeling of Powertrain Components  
To properly simulate the performance of an electric 

micro car, a computer model is created based on the 
physical properties of a car. This model calculates the 
instantaneous power required as it travels through various 
driving patterns and derives various numerical performance 
characteristics like fuel/energy consumed per kilometer of 
travel, maximum power during the driving cycle and 
average power during the driving cycle. There are several 
different physical forces to consider: air resistance (drag); 
the rolling resistance of the wheels; the force of gravity, 
which is not necessarily perpendicular to the velocity if the 
vehicle is traveling uphill or downhill; and the normal force 
of the ground acting upon the vehicle. 

 
 
The selected electric motor must be able to supply the 

tractive force Ftr, to overcome the aerodynamic resistance 
Faero, rolling resistance Froll and gradient resistance Fgrad. 

Ftr = Faero+ Froll + Fgrad  (1) 
The tractive power requirement Ptr of the motor can be 
obtained by multiplying Eq. (1) by the velocity v and can be 
written as,  

Ptr= v(Faero + Froll+ Fgrad)    (2) 
The main driving performance criteria for a road vehicle are 
its acceleration performance, gradability and maximum 
cruise speed. The maximum cruise speed is defined as the 
maximum speed that the vehicle can achieve on a flat road 
and is written as, 

Ftr = Faero + Froll    (3)  
Faero = 0.5 Cd A ρv2    (4)  
Froll= Crr mv g    (5) 

V = �(Ftr−Froll  )
0.5ρCd A

    (6) 

The acceleration time is defined as the time required to 
reach a certain speed on a flat road. By applying he 
Newton’s second law of motion, the equation for the 
acceleration force required (Fla) on a flat road, can be written 
as, 

Ftr = Faero+ Froll + Fla    (7) 

Fla = 𝛌𝛌m dv
dt

    (8) 

tv1→v2=∫
λm

Ftr (v)−Froll −Faero
dvv2

v1
  (9) 

where λ is the equivalent mass factor, which takes into 
account the mass due to the rotating components in the 
driveline, m is the vehicle mass, mg is the gravitational 
acceleration ,Crr is the coefficient of rolling resistance, r is 
the mass of air density, Cd is the aerodynamic drag 
resistance and A is the vehicle frontal area. The gradability 
of a vehicle is defined as the road grade angle at which the 
vehicle can keep moving at constant speed. From the 
equation of motion of a vehicle climbing a hill with a grade 
angle a, the tractive force required to overcome a grade 
starting from standstill can be written as, 

Ftr = Faero+ Froll + Fgrad  (10) 
 Fgrad = mgSinα    (11) 
 Sinα = (Ftr - Faero + Froll)/ mg   (12) 
The key advantage of plug-in hybrid electric two-wheeler is 
the all-electric range (AER). The all-electric range 
emphasizes all electric vehicle operation over a desired 
distance in which the battery discharges to a minimum 
threshold. The maximum battery energy storage is the core 
part of the electric micro car system design and it is 
calculated as, 
 Ebattery = (felectricrelectric) / 0.8   (13) 
where, Ebattery is the maximum battery energy storage in 
kWh, felectric is the electric fuel consumption of all-electric 
operations in kWh/kg and relectric is the range in kilometer. 
Batteries in microcar will only be discharged to 85% degree-
of-discharge (DOD), which is the highest DOD permitted in 
the interest of good battery cycle life. The maximum battery 
power is calculated as,  

Pbattery = EbatteryRp-e     (14) 
where, Pbattery is the maximum battery power in kW and Rp-
e is the ratio of specific power to the specific energy of the 
battery in W/Wh. The cost of the battery is calculated as,                                                                                                                                                                     
Cbattery = Ebatteryrbattery    (15) 
where, Cbatteryis the cost of battery and rbatteryis the cost of 
battery per kWh. This model calculates the instantaneous 
power required as it travels through various driving patterns 
and derives various numerical performance characteristics 
like fuel/energy consumed per kilometer of travel, 
maximum power during the driving cycle and average 
power during the driving cycle. This power is calculated as 
the dot product of the current velocity of the vehicle and the 
various forces acting upon it, divided by the motor and 
controller efficiency. The energy demand can be calcu lated 
by taking the time integral of the power request. From the 
energy demand and the distance traveled, the total energy 
capacity of the battery can be calculated by using Eqs.13 
and 14. The battery mass is estimated by using specific 
energy and the battery initial cost is calculated by Eq. (15). 
As mentioned earlier, the key factors that influence the 
deployment of electric micro car for the desired range are 
the driving cycle and energy storage device. The influence 
of other driveline components on the vehicle performance 
and cost are not considered in the simulation. 



 
 

 

 

MATLAB SIMULATION USING DRIVING CYCLES 

ECE-15 
The ECE (Economic Commission of Europe) cycle is an 

urban driving cycle, also known as UDC. It was devised to 
represent city driving conditions. It is characterized by low 
vehicle speed, low engine load, and low exhaust gas 
temperature. The above urban driving cycle represents Type 
I test, as defined by the original ECE 15 emissions 
procedure. Type II test is a warmed-up idle tailpipe CO test 
conducted immediately after the fourth cycle of the Type I 
test. Type III test is a two-mode (idle and 50 km/h) chassis 
dynamometer procedure for crankcase emission 
determination. The urban part of the MIDC (Modified 
Indian driving cycle) is equivalent to ECE-15 which mimics 
the driving conditions in India. 

 
Figure 1: ECE-15 driving cycle 

Modified Indian Driving Cycle:  
Modified Indian Driving Cycle (MIDC) is the 
combination of both ECE-15 cycle and Extra urban 
driving cycle. The EUDC (Extra Urban Driving Cycle) 
segment has been added after the fourth ECE cycle to 
account for more aggressive, high speed driving 
modes. The maximum speed of the EUDC cycle is 90 
km/h. This cycle is for 1180 seconds.  

 
 
Figure 2: MIDC 

Urban Dynamometer Driving Schedule (FTP-72): 
 The US FTP-72 (Federal Test Procedure) cycle 
is also called Urban Dynamometer Driving Schedule 
(UDDS) or LA-4 cycle. This cycle should not be 
confused with the UDDS schedule for heavy-duty 
vehicles. The cycle simulates a urban route of 7.5 mi 
(12.07 km) with frequent stops. The maximum speed 
is 56.7 mph (91.25 km/h) and the average speed is 
19.6 mph (31.5 km/h). 

 
Figure 3: Urban Dynamometer Driving Schedule 
 

The following table includes a summary of 
selected parameters for the ECE-15, MIDC and UDDS. 
Table 1 Selected parameters for ECE-15, MIDC AND 
UDDS 
Table 1 Selected parameters for ECE-15, MIDC AND UDDS 

 
Figure 4 Power demand vs. Time at ECE-15 
 

During the simulation, the power is arrived by 
feeding the velocity values from the ECE-15 data 
sheet. For the developed model, the peak power 
demand at ECE-15 is found to be 2803 W as shown in 
Figure 4. The negative values shown in the plot are 
regions of deceleration. 

Characteristics Unit ECE-15 MIDC UDDS 
Distance km 1.013 10.647 12.07 
Total time s 195 1180 1369 
Avg. speed  km/h 19 32.48 31.5 
Max. speed km/h 50 90 91.25 
Avg. 
acceleration 

m/s2 0.599 0.354 0.432 

Max. 
acceleration 

m/s2 1.042 1.042 1.48 
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Results and discusions 
1. The maximum tractive force in ECE 15 cycle 

for the designed electric micro car is 288 N 
and in MIDC also the maximum tractive force 
is 288 N. Though the maximum speed occurs 
at 1065 seconds in MIDC the acceleration in 
that region is less than half of the maximum 
acceleration and hence the maximum tractive 
force occurs where the acceleration is high. 
Similarly, maximum wheel torque occurs 
where the tractive force is high and the value 
of maximum wheel torque in both the cases is 
51 N-m. 

2. The maximum tractive force in UDDS cycle is 
401 N and the maximum wheel torque is 71 
N-m. 

3. The maximum power demand in ECE 15 cycle 
is 2804 W and in MIDC is 5751 W. As the 
power is product of tractive effort and speed, 
the maximum product of the above variables 
in MIDC occurs at 1065 seconds and hence  
the maximum power demanded in MIDC is 
5751 W. 

4. The maximum power demanded in the case of 
UDDS cycle is 6296W. This is because in UDDS 
the maximum tractive force and the 
maximum velocity occurs in same region and 
as a result very high power is demanded. 

5. The energy demanded for 50 km in ECE 15, 
MIDC, UDDS is 1056 Wh, 1542 Wh, 1358 Wh 
respectively. The maximum energy 
consumption occurs in MIDC because high 

power is demand for more time 

comparatively with the other cycles. Though 
the maximum power occurs in UDDS cycle, 
the speed varies drastically. As a result, the 
energy consumption is lower than MIDC.  
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ABSTRACT 

Self reliance in energy is vital for overall economic development of our country. The need to search 

for alternative  sources of energy which are renewable, safe and non- polluting assumes top priority in view 

of the uncertain supplies and frequent price hikes of fossil fuels in the international market. Biodiesel (fatty 

acid methyl ester) which is derived from triglycerides by transesterification, has attracted considerable 

attention during the past decade as a renewable, biodegradable and nontoxic fuel. Main objective of the 

project work is to compare the performance,and emissions characteristics of biodiesel derived from non-

edible Karanja oil and also with mixture incorporating cerium oxide nano particles in an un-modified 

constant speed diesel engine and to compare the results with baseline results of diesel fuel. The performance 

parameters evaluated in the present study includes brake thermal efficiency, brake power ,brake specific fuel 

consumption with different compositions at B100, B100 with 50 ppm cerium oxide nano particles and B100 

100 ppm cerium oxide nano particles and 100% with mineral Diesel. Also, emissions parameters such as 

carbon monoxide, UBHC (unburned hydrocarbon), oxides of nitrogen and smoke opacity for different test 

fuels were also investigated using AVL five gas analyser and AVL smoke meter.The experimental results 

revealed that considerable enhancement in the performance and reduction in emissions for the B100 when 

compared with neat diesel. In addition,the incorporation of nano particles to the B100 also revealed an 

incremental  better performance. 

1. INTRODUCTION 

Dr. Rudolf Diesel invented the diesel engine to run on a host of fuels including coal dust suspended in water, 

heavy mineral oil, and, vegetable oils. Dr. Diesel's first engine experiments were catastrophic failures, but by 

the time he showed his engine at the World Exhibition in Paris in 1900, his engine was running on 100% 

peanut oil. Dr. Diesel (Fig. 14) was visionary. In 1911 he stated “The diesel engine can be fed with 

vegetable oils and would help considerably in the development of agriculture of the countries, which use it”. 

In 1912, Diesel said, “The use of vegetable oils for engine fuels may seem insignificant today. But such oils 

may become in course of time as important as petroleum and the coal tar products of the present time”. 

Since Dr. Diesel's untimely death in 1913, his engine has been modified to run on the polluting petroleum 

fuel, now known as “diesel”. Nevertheless, his ideas on agriculture and his invention provided the 

foundation for a society fueled with clean, renewable, locally grown fuel.  

In the 1930s and 1940s, vegetable oils were used as diesel substitutes from time to time, but usually only in 

emergency situations. Recently, because of increase in crude oil prices, limited resources of fossil oil and 

environmental concerns, there has been a renewed focus on vegetable oils and animal fats to make biodiesel. 

Continued and increasing use of petroleum will intensify local air pollution and magnify the global warming 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3W-4MFCVW8-1&_user=489944&_coverDate=11%2F27%2F2006&_alid=515829933&_rdoc=48&_fmt=full&_orig=search&_cdi=5741&_sort=d&_docanchor=&view=c&_acct=C000023778&_version=1&_urlVersion=0&_userid=489944&md5=1025352bd8064a0209b3731121b225d6#fig14#fig14�


 
 

 

 

problems caused by carbon dioxide. In a particular case, such as the emission of pollutants in the closed 

environment of underground mines, biodiesel has the potential to reduce the level of pollutants and the level 

of potential for probable carcinogens.  

The advantages of using vegetable oils as fuels are:  

 Vegetable oils are liquid fuels from renewable sources. 

 They do not over-burden the environment with emissions. 

 Vegetable oils have potential for making marginal land productive by their property of nitrogen 

fixation in the soil. 

 Vegetable oil's production requires lesser energy input in production. 

 Vegetable oils have higher energy content than other energy crops like alcohol. Vegetable oils 

have 90% of the heat content of diesel and they have a favorable output/input ratio of about 2–

4:1 for un-irrigated crop production. 

 The current prices of vegetable oils in world are nearly competitive with petroleum fuel price. 

 Vegetable oil combustion has cleaner emission spectra. 

 Simpler processing technology. 

But  

 These are not economically feasible yet and 

 Need further R&D work for development of on-farm processing technology. 

Due to the rapid decline in crude oil reserves, the use of vegetable oils as diesel fuels is again promoted 
in many countries. Depending upon climate and soil conditions, different nations are looking into 
different vegetable oils for diesel fuels. For example, soybean oil in the USA, rapeseed and sunflower 
oils in Europe, palm oil in Southeast Asia (mainly Malaysia and Indonesia), and coconut oil in 
Philippines are being considered as substitutes for mineral diesel.  

An acceptable alternative fuel for engine has to fulfill the environmental and energy security needs 
without sacrificing operating performance. Vegetable oils can be successfully used in CI engine through 
engine modifications and fuel modifications. Engine modifications include dual fueling, injection system 
modification, heated fuel lines etc. Fuel modifications include blending of vegetable oils with diesel, 
transesterification, cracking/pyrolysis, micro-emulsion, and hydrogenation to reduce polymerization and 
viscosity.  

From amongst the large number of vegetable oils available in the world, if any specific oil needs to be 
adopted as a continuing energy crop, it is then essential that an oilseed variety having higher productivity 
and oil content must be produced. Nevertheless, technologies must be developed for the use of vegetable 
oils as an alternative diesel fuel that will permit crop production to proceed in an emergency situation. 



 
 

 

 

Vegetable oil in its raw form cannot be used in engines. It has to be converted to a more engine-friendly 
fuel called biodiesel. System design approach has taken care to see that these modified fuels can be 
utilized in the existing diesel engine without substantial hardware modification. It will be expensive and 
time-consuming to incorporate even a minor design alteration in the system hardware of a large number 
of existing engines operating in the rural agricultural sector of any country.  

In its simplest form, the carbon cycle of vegetable oil consists of the fixation of carbon and the release of 
oxygen by plants through the process of photosynthesis and then combining of oxygen and carbon to 
form CO2 through processes of combustion. It is appropriate to mention here that the CO2 released by 
petroleum diesel was fixed from the atmosphere during the formative years of the earth, whereas the 
CO2 released by biodiesel gets continuously fixed by plants and may be recycled by the next generation 
of crops. The carbon cycle time for fixation of CO2 and its release after combustion of biodiesel is quite 
small as compared (few years) to the cycle time of petroleum based fuels (Fig. 15) (few million years). It 
is well known that petroleum refiners are now facing new sulfur and aromatic compound specifications. 
Since biodiesel is a fuel made up of esters derived from oils and fats from renewable biological sources, 
it has been reported to emit substantially lower quantities of most of the regulated pollutants compared to 
mineral diesel. Biodiesel has comparable energy density, cetane number, heat of vaporization, and 
stoichiometric air/fuel ratio with mineral diesel. The large molecular size of the component triglycerides 
result in the oil having higher viscosity compared with that of mineral diesel. Viscosity affects the 
handling of the fuels by pump and injector system, and the shape of fuel spray. The high jet penetration 
and poor atomization results in larger droplets. The fuel Jet tends to be a solid stream instead of spray of 
small droplets hence the fuel does not get mixed with air required for burning. Larger droplets have poor 
combustion leading to loss of engine power and fuel economy. In small engines, the fuel spray may even 
impinge upon the cylinder walls, washing away the lubricating oil film and causing the dilution of crank 
case oil leading to excessive wear of moving parts.  

2. EXPERIMENTAL SETUP & TEST PROCEDURE 

2.1. Engine Details : Computerized IC Engine set up with data acquisition system ,Kirloskar TV1  
having power 5.20 kW @ 1500 rpm which is 1 Cylinder, Four stroke , Constant Speed, Water Cooled, 
Diesel Engine, with Cylinder Bore 87.50(mm), Stroke Length 110.00(mm), Connecting Rod length 
234.00(mm), Compression Ratio 17.50, Swept volume 661.45 (cc) 

2.2Exhaust Gas Analysers : AVL 5 Gas Analyser& AVL Smoke Meter used to find the % of the 
exhaust gases and smoke opacity. 

2.3 Agitator :Mechanical Agitator with digital speed indicator was used for humanization of the blended 
bio diesel.  

2.4 Test procedure : Performance test conducted on D100 ,  B100 (100% Karanja Biodiesel), 
KBD+50ppm Cerium Oxidenano particles along with KBD+100ppm Cerium Oxidenano particles. After 
conduction experiments on pure diesel and biodiesel blends we observed that B100 gave some 
interesting results as B.P improved and emissions also less . Hence we conducted experiment on B100 
by adding Nano particles to study the characteristics. Biodiesel emulsions prepared by mechanical 
agitator at 1200 RPM for 30 min so that homogenized emulsion is prepared for different blends. 
Performance test conducted at constant speed 1500 RPM for different loads. As the setup is 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3W-4MFCVW8-1&_user=489944&_coverDate=11%2F27%2F2006&_alid=515829933&_rdoc=48&_fmt=full&_orig=search&_cdi=5741&_sort=d&_docanchor=&view=c&_acct=C000023778&_version=1&_urlVersion=0&_userid=489944&md5=1025352bd8064a0209b3731121b225d6#fig15#fig15�


 
 

 

 

computerized one with data acquisition system it is mapped with engine soft software package all the 
readings and calculations taken from the system. Exhaust gas analysis done with the help of the AVL 
Five gas analyser and AVL Smoke meter, sample is taken for 30 seconds from the engine exhaust with 
suitable mountings. 

3. RESULTS AND DISCUSSIONS 

3.1 Biodiesel performance characteristics 

3.1.1 Brake power (KW) 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 0.05 0 0 0.03 

2 0.57 0.61 0.58 0.59 

4 1.15 1.17 1.16 1.18 

6 1.72 1.23 1.71 1.74 

8 2.29 2.32 2.29 2.28 

10 2.84 2.86 2.83 2.81 

brake power slightly increase for the biodiesel blends when compare with the pure diesel and it is increased 

for B100 adding upon nano particles. 

3.1.2Brakethermal efficiency 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 0.64 0 0.07 0.49 

2 7.68 9.32 6.98 7.85 

4 13.03 14.98 11.85 13.67 

6 18.03 19.28 15.36 17.80 

8 19.80 22.76 18.27 21.96 

10 20.88 25.14 20.30 24.43 

Brake thermal efficiency is at the par with the base diesel and there is no significant change. 

3.1.3 Brake Specific fuel consumption  (kg/kwh) 

Load D100 B100 KBD+50ppm KBD+100ppm 



 
 

 

 

Cerium Oxide Cerium Oxide 
0 11.36 0.94 12.66 18.54 

2 0.95 0.58 1.07 1.15 

4 0.56 0.45 0.63 0.66 

6 0.41 0.38 0.49 0.51 

8 0.37 0.35 0.41 0.41 

10 0.35 0.34 0.37 0.37 

The brake specific fuel consumption slightly decreased for the karanja biodiesel while there is an increase in 

the blends of karanja biodiesel with nano additives. 

3.2 Exhaust gas Analysis 

Co  (%Volume) 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 0.02 0.06 0.03 0.05 

2 0.03 0.04 0.03 0.03 

4 0.03 0.04 0.02 0.03 

6 0.03 0.04 0.02 0.04 

8 0.03 0.04 0.02 0.04 

10 0.03 0.04 0.02 0.02 

HC ppm 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 10 17 11 13 

2 10 11 14 15 

4 13 14 9 11 

6 13 11 9 11 

8 9 12 11 10 

10 10 11 10 10 

NO ppm 



 
 

 

 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 88 71 144 157 

2 185 152 147 145 

4 260 206 201 197 

6 286 261 256 243 

8 300 286 267 280 

10 350 324 315 307 

 

Smoke Opacity % 

Load D100 B100 KBD+50ppm 
Cerium Oxide 

KBD+100ppm 
Cerium Oxide 

0 41 35 36.6 38.2 

2 48 43.9 43.4 52.5 

4 50 53.5 58.4 56 

6 64 75.6 71.4 70 

8 77 83.5 84.2 77 

10 84 92.5 90.7 85 

It is observed that we have got best results for B100 , with addition of 100 ppm nano particles to B100 NO 

emissions is further reduced but there is slight increase in smoke opacity .Along with this there is a decrease 

in COcemissions for karanja biodiesel with 500 ppm nano additives. 

4. CONCLUSIONS 

• In case of blends of bio diesel and,brake power increases for pure karanja biodiesel compared to pure 

conventional diesel.  

• There is no considerable  change in brake thermal efficiency and specific fuel consumption.  

• By adding the nano particle, i.e, cerium oxide to the blends there was a significant reduction in the 

carbon monoxide and Nox Emissions but there is a slight increase in the smoke content.  



 
 

 

 

• The decrease of these emissions are noticeable. It is observed that we have got best results for 100 

ppm of ceria with biodiesel. 
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Abstract—Present day navigation system fora 
vehicle provides improved notifications of 
upcoming turns along a given route. Activating turn 
signal indicators external to the vehicle in response 
to turn notification signals supplied by the 
navigation system using pre-existing turn signal 
indicators. Indictors exterior to the vehicle benefits 
both the vehicle occupant and as well as other 
vehicles in the vicinity of the occupant's vehicle to 
inform of the occupant's intended route. 
 

Keywords— LED indicator Speech recognition 
module, High power LED, Microcontroller, 
Compilation and simulation steps, Dumping steps. 
 

INTRODUCTION  
 
Speech is the primary and most convenient means 
of communication among human beings. Due to 
technological curiosity to build machines, humans 
are desired to automate work with machine, 
research in speech recognition as a first step 
towards human-machine communication. Speech 
recognition is the process of recognizing the spoken 
word to take necessary actions accordingly. 

This system integrates human-machine 
interface. This project consists of GPS based 
speech command signals which are detected 
using HM 2007 module and controls the 
indicators accordingly. The controlling device 
of the whole system is done using PIC 
Microcontroller. The PIC Microcontroller 
performs appropriate task related to the data 
received like devices ON/OFF control. The 
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PIC Microcontroller used in the project is 
programmed using Embedded C language. 
 
1.NEED OF AUTOMATION: 
 
Automation, the application of machines to tasks 
once performed by human beings or, increasingly, 
to tasks that would otherwise be impossible. 
Although the term mechanization is often used to 
refer to the simple replacement of human labour by 
machines, automation generally implies the 
integration of machines into a self-governing 
system. Automation has revolutionized those areas 
in which it has been introduced, and there is 
scarcely an aspect of modern life that has been 
unaffected by it. 
Automation of automobiles today is imperfect. The 
best vehicles, for example those designed by 
Google, are prototypes, still far too expensive for 
mass manufacturing. The automation now on the 
road is still unable to manage all the complexities of 
city driving (a task that average drivers also have 
difficulty with). Human driving is imperfect; hence 
the large number of deaths and injuries: Driver 
distraction is on the rise. Whether it is adjusting the 
car's indoor temperature, changing the music being 
played, or reading or answering texts, distractions 
take the eyes off the road for considerable time. One 
second of distraction is quite enough to collide with 

http://www.britannica.com/topic/mechanization�


 
 

 

 

another vehicle on the highway or run over a 
pedestrian in a crowded street. 

 
A research by SAE states that, drivers 

neglect to use their signals 48% of the time 
resulting in 2 million roadway collisions annually. 
Also, Google recently released data shows that its 
self-driving cars have been involved in 11 minor 
crashes over the past six years, and the main reason 
is the inefficient signaling during a turn or a lane 
changing. Thus there is a compelling need for 
automatic turn indicators. 
 
2.HARDWARE DESCRIPTION: 
 
There are 2 blocks which builds up this project: 
 

13. Receiver section  
 

14. Transmitting section  
 
Receiver section is the speech recognition module 
which receives the audio instructions of GPS 
module. 
 

 

 

 

 

 

 

Fig.1 Block diagram of receiver & transmission 
sections 

The main blocks of Transmitter section of 
this project are: 

 
 Micro controllers (16F73)  

 Reset button  

 Crystal oscillator  

 Regulated power supply (RPS)  

 LED indicator  

 High power LEDs  

3.MICROCONTROLLER:  

A Microcontroller is a programmable digital 
processor with necessary peripherals. This takes the 
responsibility of switching on the respective 
indicator light according to the speech recognized 
by voice recognition module. The microcontroller 
used in this project is PIC16F73 with following 
specifications. 

RAM 368 bytes 
EEPROM 256 bytes 
Flash Program Memory 8k words 
Operating Frequency DC to 20MHz 
I/O port Port 
A,B,C,D,E 

4.SPEECH RECOGNITION MODULE 
HM2007: 

This board allows you to experiment with many 
facets of speech recognition technology. It has 8 bit 
data out which can be interfaced with any 
microcontroller for further development. To this 
GPS voice commands are given as input and which 
gives output to microcontroller when the voice is 
recognized to switch on the corresponding indicator 
light 

 

Fig.2 HM2007 IC 

Following are the specifications of HM2007: 

• External RAM support  
• Maximum 40 word recognition (.96 second)  
• Maimum word length 1.92 seconds 



 
 

 

 

• Microphone support 
• Response time less than 300 milliseconds 

 
 
 
5. PROCEDURAL STEPS: 
 
1) Compilation and simulation steps: 

• Open PIC C compiler 
• You will be prompted to choose a name for 

the new project, so create a separate folder 
where all the files of your project will be 
stored, choose a name and click save. 

• Click Project, New, and something the box 
named 'Text1' is where your code should be 
written later. 

• Now you have to click 'File, Save as' and 
choose a file name for your source code 
ending with the letter '.c'. You can name as 
'project.c' for example and click save. Then 
you have to add this file to your project work. 

• By clicking on compile option .hex file is 
generated automatically. 

• This is how we compile a program for 
checking errors and hence the compiled 
program is saved in the file where we 
initiated the program.  

• Open Proteus 7 and click on IS1S6.  
• Now it displays PCB where circuit is 

designed using microcontroller. To design 
circuit  

components are required. So click on 
component option. 

 
Now  click  on  letter  ’p’,  then  under  that  select 
 
PIC16F73 ,other components related to the project 
and click OK. The PIC 16F73 will be called your 
“'Target device”, which is the final destination of 
your source code. 
2) Dumping steps: 
 

1. Initially before connecting the program 
dumper to the microcontroller kit the window 
is appeared as shown below.  

2. Select Tools option and click on Check 
Communication for establishing a 
connection as shown in below window  

3. After connecting the dumper properly to the 
microcontroller kit the window is appeared 
as shown below.  

4. Again by selecting the Tools option and 
clicking on Check Communication the 
microcontroller gets recognized by the 
dumper and hence the window is as shown 
below. 

 
5. Import the program which is ‘.hex’ file from 

the saved location by selecting File option 
and clicking on ‘Import Hex’ as shown in 

below window.  
6. After clicking on ‘Import Hex’ option we 

need to browse the location of our program 
and click the ‘prog.hex’ and click on ‘open’ 
for dumping the program into the 
microcontroller.  

6.CODING:  
 
The  following  are  the  lines  of  code  used  for 
 
execution of project: 
 
#include <16F73.h> 
 
#use delay(clock=20M) 
 
void main() 

{ 
charch; 

int flag = 1; 

output_high(PIN_C4); 

output_high(PIN_C5); 

output_high(PIN_C6); 

output_high(PIN_C7); 

delay_ms(800); 



 
 

 

 

output_low(PIN_C4); 

output_low(PIN_C5); 

output_low(PIN_C6); 

output_low(PIN_C7); 

delay_ms(800); 

output_high(PIN_C4); 

output_high(PIN_C5); 

output_high(PIN_C6); 

output_high(PIN_C7); 

delay_ms(800); 

output_low(PIN_C4); 

output_low(PIN_C5); 

output_low(PIN_C6); 

output_low(PIN_C7); 

while(1) 

{ 

ch = 0; 

if(ch == 'A') //ON 

{ 
fprintf(Right,"z\r\n"); 
output_high(PIN_C6); 

} 
else if(ch == 'B') //ON 

{ 
fprintf(left,"w\r\n"); 
output_high(PIN_C7); 

} 
else if(ch == 'C') //OFF 

{ 
fprintf(left,"w\r\n"); 
output_low(PIN_C6); 

} 
else if(ch == 'D') //OFF 

{ 
fprintf(right,"w\r\n"); 
output_low(PIN_C7); 

} 

delay_ms(50); 

output_low(PIN_C6); 

output_low(PIN_C7); 

output_low(PIN_C4); 

output_low(PIN_C5); 

} 

} 

 
Fig.3 Actual picture of the project 

 
7. ADVANTAGES: 

1)  Automatic control capability through speech 
commands 

2) Devices ON/OFF control using speech 
commands.  

3) Can be used with any language. 
4)  Can be more beneficiary to handicapped 

people. 
5)  Improves drivers on road concentration  

 
8. DISADVANTAGES: 
 

1) Interfacing speech recognition module to 
Microcontroller is sensitive.  

2) The user may not know the status of the 
appliances.  

 
9. CONCLUSION: 
Integrating features of all the hardware components 
used have been developed in it. Presence of every 



 
 

 

 

module has been reasoned out and placed carefully, 
thus contributing to the best working of the unit. 
 
Secondly, using highly advanced IC’s with the help 
of growing technology, the project has been 
successfully implemented. Thus the project has been 
successfully designed and tested. 
 
10. FUTURE SCOPE: 
The main disadvantage of this project is that the 
person who is operating the appliances doesn’t know 
the status of the appliances. This drawback can be 
eliminated by introducing a GSM module, through 

which intimation on the status of appliances can be 
sent. 
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Abstract— An experimental investigation is carried 
out to establish the performance characteristics of a 
compression ignition engine while using high speed 
diesel and cerium oxide nanoparticles as additive in 
diesel-biodiesel blends. In the first phase of the 
experiments, stability of high-speed diesel and 
diesel-biodiesel fuel blends with the addition of 
cerium oxide nanoparticles is analyzed. The blends 
subjected to high speed blending followed by 
ultrasonic bath stabilization to improve the stability. 
In the second phase, performance characteristics are 
studied using the stable fuel blends in a single 
cylinder four-stroke engine coupled with an 
electrical dynamometer and a data acquisition 

system. The cerium oxide acts as an oxygen donating 
catalyst and provides oxygen for combustion. The 
activation energy of cerium oxide acts to burn off 
carbon deposits within the engine cylinder at the 
wall temperature and prevents the deposition of non-
polar compounds on the cylinder wall results 
reduction in HC emissions. The tests revealed that 
cerium oxide nanoparticles could be used as additive 
in diesel and diesel-biodiesel blends to improve 
complete combustion of the fuel significantly. 
Keywords — High-speed diesel, Cerium oxide 
nano particles, biodiesel blends. 
Introduction 
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Increasing liquid fuel prices rapid depletion of fossil 
fuels due to widespread use and strict emission 
regulations have urged the automotive industries to 
focus on low emission renewable 
 
sources with high efficiency. Emissions of diesel-
fueled vehicle have high concentration of NOx and 
particulate matter. The mixture contain carbon 
particle that are exceptionally small in size, less than 
one micron. These particles may be deeply inhaled 
into the lung and carry with them a collection of 
attached hazardous compound. Euro III diesel car 
emits 7.5 times more toxic particulate matter than 
comparable petrol car. The World Health 
Organization estimates that over 700 thousand 
people die each year in South Asia’s result of 
ambient particulate matter pollution, making PM2.5 
emission as the sixth largest killer in the region. [1] 
Among the many alternative fuels, biodiesel 
(vegetable methyl esters) is considered as a most 
desirable fuel extender and fuel additive due to its 
high oxygen content and renewable in nature [2], [3]. 
At higher loads biodiesels give a larger power 
output. This behavior may be ascribed to the 
combined effects of different density and viscosity of 
vegetable oils, electronic unit intervention, and 
varied load. During the tests emerged that for diesel 
engine in automotive configuration, fuel 
characteristics and the electronic control unit play a 
paramount role.  
The former can be manipulated, within certain limits, 
heating up the fuel (namely the biodiesel) before it 
enters the feeding system. The latter aspect requires 
a different tuning of the electronic unit for different 
fuels, and a switch system,which allows the engine 
to work always at its optimal operating point. [4] 
Bio-diesel is fatty acid methyl or ethyl ester made 
from virgin or used vegetable oils (both edible & 
non-edible) and animal fats. The main commodity 
sources for bio-diesel in India can be non-edible oils 
obtained from plant species such as Jatropha Curcas, 
Karanj, Neem, and Palm etc. Bio-diesel contains no 
petroleum, but it can be blended at any level with 

petroleum diesel to create a bio-diesel blend or can 
be used in its pure form. Just like petroleum diesel, 
bio-diesel operates in compression ignition engine; 
which essentially require very little or no engine 
modifications because bio-diesel has properties 
similar to petroleum diesel fuels. It can be stored just 
like the petroleum diesel fuel and hence does not 
require separate infrastructure.  
The use of bio-diesel in conventional diesel engines 
results in substantial reduction of unburned 
hydrocarbons, carbon monoxide and particulate 
matters. Biodiesel is considered clean fuel since it 
has almost no sulphur, no aromatics and has about 
10 % built in oxygen, which helps it to burn fully. Its 
higher cetane number improves the ignition quality 
even when blended in the petroleum diesel. [5]  
Crude palm oil extracted from palm seeds usually 
exhibits high viscosity values making them 
unsuitable to be used as a fuel for continuous 
running. Therefore, a process called trans-
esterification [7] is performed so as to reduce the 
viscosity by treating the crude oil with alcohols 
(commonly ethanol or methanol) wherein a by-
product is obtained in the form of glycerol, which 
has to be separated. Trans-esterification reaction is a 
stage of converting oil or fat into methyl esters of 
fatty acid. The power loss in palm methyl ester bio-
diesel is mainly attributed to the lower calorific 
value inherited naturally. Better emissions are partly 
due to the higher cetane number value. Cetane 
number indicates the ignition lag time (time between 
the first fuel injected into the chamber and ignition 
start time).  
Palm methyl ester has higher cetane value (65) 
compared to diesel fuel (51), thereby resulting in 
better combustion quality leading to reduction in 
emissions. [6] 
Palm methyl ester blends (PMEB) showed 
performance and emission characteristics close to 
diesel. Therefore PMEB can be used in CI engine for 
meeting energy demand. [7] Considering the specific 
consumption of biodiesel compared to diesel, despite 
having a small increase, it is passive in terms of 



 
 

 

 

improvement in reducing energy consumption 
through the use of additives, the improvement of 
density, and in the trans-esterification process. [8] 
Several additives are added to perform specific 
functions. Additives reduce emissions; improve fluid 
stability over a wider range of conditions; improve 
the viscosity index, reducing the rate of viscosity 
change with temperature; and improve ignition by 
reducing its delay time, flash point, and so forth. [9] 
In order to overcome the problems associated with 
the diesel, use of chemical substances like fuel 
additives derived from organic, inorganic metals are 
used. A fuel additive generally improves the 
combustion efficiency and reduces the pollution. 
Metal based elements, such as manganese, iron, 
copper, barium, calcium, cerium and platinum etc.  
These are usually used as a combustion catalyst for 
hydrocarbon fuels. Nano materials are more effective 
than bulk materials because of its higher surface 
area. Nano material selection depends upon the size 
and catalytic effect on the combustion of 
hydrocarbons. [10] 
Two principal factors cause the properties of nano 
materials to differ significantly from other materials: 
increased relative surface area, and quantum effects. 
These factors can change or enhance properties such 
as reactivity and strength. As a particle decreases in 
size, a greater proportion of atoms are found at the 
surface compared to those inside. 
As growth and catalytic chemical reactions occur at 
surfaces, this means that a given mass of material in 
nanoparticulate form will be much more reactive 
than the same mass of material made up of larger 
particles. [11] 
It is found that the combustion characteristics 
improved by the lighter surface to volume ratio of 
nanoparticles, which allowed most amount of fuel to 
react with the air. It leads to enhance the brake 
thermal efficiency. By and large, it is observed that 
the minimum CO and HC were measured. [12] 
Diesel fuel additives, used to lower PM emissions 
and to enhance oxidation rates, are an approach that 
shows promise in improving emission reductions. 

The influence of cerium oxide additive on ultrafine 
diesel particle emissions and kinetics of oxidation 
was studied by Jung et al. [13]. They found that 
addition of cerium to diesel cause significant 
reduction in number weighted size distributions and 
light-off temperature and the oxidation rate was 
increased significantly. 
Based on the experimental results, HC, CO 
emissions and smoke noticeably decrease, while 
NOx emission dramatically increases with increasing 
the dosing level of cerium oxide nanoparticles. At 
the full load, the magnitude of HC and CO for the 
neat diesel was104 ppm and 51 (% by volume), 
whereas it was 68 ppm and 20(% by volume) for the 
fuel with 50ppm cerium oxide, respectively. The 
results also showed a significant enhancement in 
brake thermal efficiency and heat release rate due to 
the influence of the cerium oxide nanoparticles 
addition in diesel. [14] 
Nano cerium oxide, a combustion-improving fuel 
additive, was investigated for its impact on biodiesel 
oxidative stability. Though the oxidative stability 
decreased, but the addition of cerium oxide has many 
benefits. The cerium oxide nanoparticles absorbs 
oxygen from NO mediates produced due to the high 
temperature of the combustion chamber, then 
donates this oxygen to the soot particles produced by 
incomplete combustion of hydrocarbons and 
converts them to CO2 molecules. This reduces NO, 
HC and CO emissions. [15] 
Cerium oxide as an oxidation catalyst also lowers the 
carbon combustion activation temperature and thus 
enhances hydrocarbon oxidation, promoting 
complete combustion. An average reduction of 25% 
to 40% in the hydrocarbon emissions was obtained 
for additive dosing levels ranging from 40 to 80 ppm 
of the additive. [16] 
Addition of nanoparticles not only enhances the 
calorific values but also promotes complete 
combustion due to higher evaporation rates, reduced 
ignition delay, higher flame temperatures and 
prolonged flame sustenance. All these factors 



 
 

 

 

support the full release of thermal energy thereby 
leading to higher brake thermal efficiencies. [17] 
Methodology 
Performance test is conducted on HSD100, B20 
(20% Biodiesel 80% High speed Diesel), B20 with 
Cerium Oxide 50ppm and B20 with Cerium Oxide 
100ppm. 
For better mixing and stabilization, the processes of 
agitation and ultrasonication are conducted for a 
period of 30minutes each. Mechanical Agitator with 
digital speed indicator was used for homogenization 
of the blended bio diesel. The mechanical agitator 
stirs the biodiesel blend at maximum speed of 
2200rpm. The optimum speed range is 1000-1500 
rpm Mixing on ultrasonic bath follows the 
mechanical agitation. An Ultrasonic bath of 1 Liter 
capacity is being employed for better mixing of 
Cerium Oxide nanopowder in the fuel blends. The 
mixing on ultrasonic bath is to be done for a period 
of forty minutes for the first time. Ultrasonic bath 
helps in mixing of nanopowder with the fluid 
through waves. 
Performance test is conducted at constant speed of 
1500 rpm for different loads. As the setup is 
computerized one with data acquisition system, 
Mapped with engine soft software package, all the 
performance readings and calculations are taken 
from the system. 
Exhaust gas analysis done with the help of the AVL 
Five gas analyzer and AVL Smoke meter sample is 
taken for 30 seconds from the engine exhaust with 
suitable mountings. The test setup used for the 
experiment can be seen in the following pictures. 

 
Computerized diesel AVL 5 gas analyzer 
engine 

 
AVL smoke meter             Mechanical agitator 

 
Ultrsonic bath 

Results and discussion 
Three performance parameters and four emissions 
were considered for the observations. The trends in 
the parameters were compared with high speed 
diesel parameters’. The observations were mainly 
focused on peak load conditions. 

I. Brake power (kW) 
The graph.3.1.1.represents the trends of Brake power 
with load. It can be observed that the Brake power is 
slightly increased for the B20 blend, it is also 
observed that it further increased by adding cerium 
oxide nanoparticles to B20. An increase of BP by 
1% is observed for B20+50ppm in comparison with 
HSD100 at peak loading. 

II. Brake thermal efficiency 
The graph. 3.2.1. represents the trends of Brake 
Thermal efficiency with  varying load. It can be 
observed that the Brake Thermal Efficiency 
increases for blends and further increment occurs 
with addition of cerium oxide nano particles. 
An increase in Brake thermal efficiency by 2.32% is 
observed for B20+50ppm in comparison with 
HSD100 at peak loading. 

III. Brake specific fuel consumption 
The graph.3.3.1.represents the trends of Brake 
Specific Fuel Consumption with varying load. It can 



 
 

 

 

be observed that the Brake Specific Fuel 
Consumption trends are almost similar to those of 
HSD100. When clearly observed, a reduction of 
2.9% of brake specific fuel consumption is observed. 
(Comparison between B20+50ppm and HSD100 at 
peak loading condition). 

IV. CO Emissions 
The graph.3.4.1.represents the CO emission trends 
with varying loads. A reduction in Carbon monoxide 
concentrations, from 0.06 to 0.02 (% by volume) is 
observed.(Comparison between B20+50ppm and 
HSD100 at peak loading condition). 

V. HC Emissions 
The graph.3.5.1.represents HC emission trends with 
varying load. A reduction in Hydrocarbon emissions 
concentration, from 18 to 15 (ppm) is observed. 
(Comparison between B20+50ppm and HSD100 at 
peak loading condition). 

VI. NO Emissions 
The graph.3.6.1.represents NO emission trends with 
varying load. A reduction in NO emissions 
concentration from 504 to 463 (ppm) is observed. 
(Comparison between B20+50ppm and HSD100 at 
peak loading condition). 

VII. Smoke Opacity 
The graph.3.7.1.represents smoke opacity trends 
with varying load. A reduction in Smoke opacity 
from 96.5 to 80 (%) is observed. (Comparison 
between B20+50ppm and HSD100 at peak loading 
condition). 
 

 

Graph.3.1.1. 

 
Graph.3.2.1. 

 
Graph.3.3.1. 

 
Graph.3.4.1. 

 

 
Graph.3.5.1. 



 
 

 

 

 
Graph.3.6.1. 

 
 
 

 
Graph.3.7.1. 

Conclusion 

In case of blends of bio diesel, brake power increases 

compared to pure conventional diesel. An increase in Brake 

power by 1% is observed at peak loading conditions, for 

B20+50ppm, when compared to conventional diesel. 

Brake thermal efficiency exhibited an increase by 

2.9%, while Brake specific fuel consumption reduced by 

2.32%. In case of exhaust emissions, a considerable amount of 

reduction in concentration of Carbon monoxide, Hydrocarbon 

emissions, Oxides of Nitrogen and smoke opacity is observed.  

From the observation of all the blends under test, it 

can be concluded that the biodiesel blend containing 20% 

palm sludge biodiesel, 80% conventional base diesel and 

50ppm of cerium oxide nanopowder (i.e. B20+50ppm blend) 

showed the best results. The B20+50ppm blend can be 

promoted for commercial use, as it is economical and also 

eco-friendly. 
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Abstract—With the growing need of alternate means of 
transport there has been a significant interest in the e-bikes. The 
major problem of commuting using an e-bike is the limitation in 
its speed, range and availability of charging. It is not that easy to 
take e-bike into a city apartment or find a place on the street to 
charge your e-bike. Foldable e-bike is primarily aimed at the 
millions of commuters who make long journey on public 
transport to get to work every day. It is suitable for everyday use 
by both male and female target group. It will also be of interest to mobile-home owners as a compact, secondary mode of 
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transport. It can be stored in the corner of an office or on public 
transport. Its maximum speed makes it perfectly suited for use in 
cities. It can be charged from a regular outlet. At the end of the 
ride, locking mechanisms in the seat and frame are released to 
collapse the seat and support down towards the back wheel and 
allow the front wheel and handlebars to fold into the body of the 
e-bike. As e-bike is foldable and eco-friendly, it can be used at 
different places to prevent pollution. 

Foldable e-bike was developed in response to the need expressed 
by many urban commuters for an electric bicycle or scooter. 
Foldable e-bike solution is really simple – it folds into a compact 
form which you can bring along anywhere and charge from a 
regular outlet. 

keywords—Foldable e-bike,locking mechanism. 
 

I.INTRODUCTION  
A foldable e-bike is designed to fold into a compact form, 
facilitating transport and easy parking. When folded, thee-bike 
can be more easily carried into buildings and workplaces or on 
public transportation and more easily parked in compact living 
quarters or aboard a car, boat or plane. Folding mechanisms 
vary, with each offering a distinct combination of folding 
speed, folding ease, compactness, ride, weight, durability and 
price. Distinguished by the complexities of their folding 
mechanism, more demanding structural requirements, greater 
number of parts, and more specialized market application, 
folding e-bike may be more expensive than comparable non-
folding models. The choice of model, apart from cost 
considerations, is a matter of resolving the various practical 
requirements: a quick easy fold, compact folded size, or a faster 
but less compact model. Foldable e-bike can accommodate 
different riders, because the frames are usually only made in 
one size. When folded, e-bike is usually smaller in overall size 
than the conventional e-bike. We all are aware from the cost of 
fuels and at what speed it is increasing in such condition it is 
not possible for everyone to use the service which runs on 
fuels. As the  
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weight of the folding E-bike is less than the conventional E-
bike it is easy to carry from one place to another.  
 

II.Literature Review  
Concept of User Friendly Modified Folding Bicycle 
 
Hajime Ishida (1977):This invention, which provides a folding 
bicycle, comprises a foldable frame structureincluding a front 
support assembly having handlebars and arranged to be rearward 
foldable. According to the invention, the user can very quickly 
and easily fold by manually rearward folding the front support 
assembly which includes upper and lower section interconnected 
by hinge. 

The author has put forward the concept of folding bicycle, As 
the folding bicycle of thepresent invention comprises a large-
wheel folding bicycle which exactly duplicates the looks, and 
feel, rigidity, strength, weight and ride quality of a 
conventional and popular l0/l2speed touring bicycle. The 
folding bicycle of the present invention includes a compact 
frame which is foldable, with the front half of the frame being 
rotatable about a hinge means to position it against the rear 
half of the bicycle for easy and efficient transportation. The 
folding bicycle of the present invention is adapted to be 
inserted into a carrying bag, if desired. The handlebars 
employed with the folding bicycle of the present invention are 
foldable into a collapsed position and the pedals are reversible. 
An improved locking hinge for use in a folding bicycle is 
equipped witha lever arm which is in pivotal connection to a 
locking hook at the bottom end thereof. The looking hook also 
pivotally mounted onto the handlebar of a bicycle has a 
retaining recess which is made to engage with a locking pin 
mounted onto the steering stem of the bicycle so as handlebar 
which is put in linear alignment with the to get a folding 
bicycle in use as long as the lever arm is pushed toward the 
erected steering stem already. Besides, a securing spring plate 
is used to retain the lever arm in place so as to prevent the 
locking hook from disengagement from the locking pin as the 
bicycle is in use. To get the bicycle folded, the Securing spring 
plate is lifted upwardly too permanently to permit the lever 
arm to pried outwardly, resulting in the locking hook 
disengaged with locking pin. Then the handle bar and the 
steering stem are separated with each other and put side by 
side in a folding manner. 
A folding bicycle in which all the pivoting members have 
horizontallypivot axes and all the members are indirectly 
connected to a single collar that slides up and down a seat 
post. In order to achieve an open or closed state, the collar is 
made to slide along the post and is then secured by tightening 
a quick release lever on the collar. Two front tubes mending 
between the Steering head and the lower Part of the seat post 
are parallel. 
The need for a foldable bicycle arise from the market survey 
which reveals that the normal bicycles that are available in 
market are of heavy weight, less compact and unable to be 
carried to various places during traveling by a commuter. It is 
not transportable from one place to other far off places. This 
leads to the commuter to heavily rely on local transport. 
Hence it is understood that the foldable bicycles are an 
alternative to the conventional bicycles.From the field survey 
it has been found that even though there are foldable bicycles 
in the market, they are found to be less portable, even though 
they are foldable. The foldable configuration are also found 
to be not simple which leads to difficulty in transporting it. 
This leads to the requirement of designing and developing a 
new foldable bicycle made out of weightless material that 
can be easily transportable and also very portable. This work 
addresses the above problem by proposing a new foldable 
bicycle design which overcomes the above mentioned 
problem in the existing designs. 

 

Electric bicycles and motorcycles have emerged as a possible 
way of improving the transportation system sustainability. 
This work’s aim was to quantify the energy consumption, the 
trip travel and the driving dynamics on specific routes in 
Lisbon, Portugal. Six electric and conventional bicycles and 
motorcycles were monitored, and a methodology to quantify 
the power required in each driving second was developed: 
Motorcycle and Bicycle Specific Power (MSP and BSP 
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respectively). MSP and BSP allows characterizing energy 
consumption rates based on on-road data and to define real-
world operation patterns (driving power distribution), as well as 
to benchmark the different propulsion technologies under the 
same baseline of specific power. For negative MSP and BSP 
modes, the conventional and the electric motorcycles and 
bicycles demonstrated a similar pattern. However, their behavior 
was different for positive modes, since electric technologies 
allow reaching higher power conditions. The methodology 
developed estimates accurately the energy consumption (average 
deviation of 0.19 ± 6.76% for motorcycles and of 1.41 ± 8.91% 
for bicycles). The MSP and BSP methodologies were tested in 2 
Lisbon routes. For the electric motorcycle an increase in trip 
time (+36%) was observed when compared to the conventional 
one, while for the electric bicycle a 9.5% decrease was verified 
when compared to the conventional one. The Tank-to-Wheel 
(TTW) energy consumption for motorcycles was reduced by 
61% when shifting to electric mobility, while a 30% Well-to-
Wheel (WTW) reduction is obtained. For the electric bicycles, 
an additional energy use is quantified due to the battery 
electricity consumption. 

III.Fabrication  
Metal fabrication is the building of metal structures by cutting, 
bending, and assembling processes. It is a value added process 
that involves the construction of machines and structures from 
various raw materials. A fabrication shop will bid on a job, 
usually based on the engineering drawings, and if awarded the 
contract will build the product. Large fabrication shops will 
employ a multitude of value added processes in one plant or 
facility including welding, cutting, forming and machining. 
These large fabrication shops offer additional value to their 
customers by limiting the need for purchasing personnel to 
locate multiple vendors for different services. Metal fabrication 
jobs usually start with shop drawings including precise 
measurements then move to the fabrication stage and finally to 
the installation of the final project. Fabrication shops are 
employed by contractors, Original equipment manufacturer and 
Value added reseller. Typical projects include loose parts, 
structural frames for buildings and heavy equipment, and stairs 
and hand railings for buildings. 

Low Carbon Steel – Composition of 0.05%-0.25% carbon and 
up to 0.4% manganese. Also known as mild steel, it is a low-cost 
material that is easy to shape. While not as hard as higher-carbon 
steels, carburizing can increase its surface hardness. 

AISI 1018 mild/low carbon steel has excellent 
weldability and produces a uniform and harder case and it is 
considered as the best steel for carburized parts. AISI 1018 
mild/low carbon steel offers a good balance of toughness, 
strength and ductility. Provided with higher mechanical 
properties, AISI 1018 hot rolled steel also includes improved 
machining characteristics and Brinell hardness. 
 

Low carbon pipes are used for the construction of frame. Both 
rectangular and circular pipes are used for the construction of the 
frame 

Rectangular hollow section are cold formed and welded 
from hot rolled, cold rolled and pre-galvanized. 

In order to form the rectangular steel section the 
appropriate mother tube, a round steel tube, has to be formed 
first. From around tube rolls are used that progressively press the 
round tube into a rectangular hollow section. This all done 
inline. 

Rectangular tubes have the advantage of being 
stronger in bending while a round hollow section has more 
stiffness in twisting. 
 

By using cutting machine required dimensions of pipes 
are taken. Front side of the frame is constructed with two 
rectangular pipes. Small rectangular pipes are welded to 
separate the front rectangular pipes to maintain required 
dimensions. . At bottom holes are made on both by using 
drilling machine which gives support to the front wheel and 
gives free rotation. Other, two rectangular pipes help seat to 
slide up and down for foldingand give support to the seat. 

 
Ball bearing is placed at back side of the front frame 

(length=470mm from the top).The material used for the ball 
bearing is chromium steel. This bearing is welded vertically 
by using arc welding at either side of the front frame. This 
helps the free rotation of handle. Two batteries are place at 
front side of the handle. 

Another, circular pipe (dia of 50 mm, length=1100 
mm) of two pieces is bended to 1 inch and it gives main 
support to the frame. The distance between two circular pipes 
is 220 mm. A pain bearing is welded horizontally below either 
sides of circular pipe at the middle of the pain bearing is 
welded to vertical ball bearing. A simple locking mechanism 
is provided on the plain bearing  for stability of handle 
during ride. After releasing the locking mechanism handle can 
be easily folded into the frame. Both ball and plain bearing are 
help for the folding mechanism. 
At the end bottom of circular pipes small metal pieces are 
welded which have drilled holes for mounting back wheel 
hub motor and other two batteries are placed on either side of 
hub motor.  
Another, plain bearing is welded to middle of circular pipe 
which be shown in above figure. And two circular pipes (dia 
of 1 inch) are taken required length and welded to pain 
bearing at one end and other end seat is mounted. It helps 
free movement of seat for folding. Below the seat there is a 
locking mechanism Other end of circular pipes passes 
through small machining pipes having inner diameter of 
28mm. Small rod is welded between two machining pipes for 
maintaining proper length and support. At middle of the 
small rod another rod is welded vertically for support seat. 
Locking mechanism is provided at top of the small machined 
pipe by making hole and providing nut and bolt at top. Nut is 
welded at top of pipe and bolt is placed in the nut by 
tightening the bolt seat is adjusted. The main advantage of 
this locking mechanism is seat height can be adjusted 
according to the rider comfort. Both the ends of small pipe 
provided another nut and bolt where nut is welded either side 
for giving support to the rectangular pipe and one more nut 
and bolt is provided  at middle of the circular pipe (dia of 50 
mm) on either side by joining both bolts  rectangular pipe is 
arranged on both sides and tightened with nuts. By unlocking 
two bolts seat comes down and help for folding. After 
unlocking both rectangular and circular pipes are helpful for 
the folding mechanism. 
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Handle is provided at top of the front part (length =500 

mm) which is made with circular pipe and welded to the 
rectangular pipe. Small piece of rectangular pipe is welded on 
both sides of rectangular pipe for foot rust. 

At front side four U-clamps are welded for holding 
batteries. Two U-clamps are welded just above the tire and other 
two top of the frame. And other four clamps are welded at back 
side for holding other two batteries. 

Final assembly of all the components of the frame is 
subjected to Gas tungsten arc welding at all the joints. In the TIG 
welding tungsten electrode and argon gas is used for welding. 

After completing TIG welding, grinding of the frame 
should be at the welded joint for good surface finish. 

A small box is provided at the top of back tire to keep 
the controller, wiring kit and charging plug. Assemble all the 
parts of the frame like accelerator, brake levers, brake cables 
etc.., Hence, Foldable e-bike is ready and it can be foldable 
easily. 

 
 

V. Specifications of foldable e-bike 
1. Folded size:1520mm 
2. Weight:47Kg 
3. Frame: tubular 
4. Hub motor: 500W,48V 
5. Batteries: Valve regulated lead acid 
6. Bearing: plain & ball bearing 

VI.METHODOLOGY  
1. Problem Definition 
2. Selection of Material. 
3. Creo Model.  
4. Procuring the material  
5. Fabrication. 
6. Assembly  

VII.RESULTS AND CONCLUSION  
1. Speed:35 kmph 
2. Range:30 km 
3. Folded size:1520 * 300 mm 
4. Weight:47Kg 
5. Frame: tubular 
6. Hub motor: 500W,48V 
 
The foldable e-bike which is fabricated comprises of 
hollow, tubular and rectangular frames made of low carbon 
steel, which resulted in 47 kg kerb weight of the e-bike. The 
valve regulated lead acid battery has also added to weight of 
the e-bike. So, by using composite frame & lithium ion 
batteries we can reduce the weight of the bike by 40% and 
the compactness can be increased by 30%. 
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