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ABSTRACT distance formula. System time of camera is used to compute

Vehicle speed estimation is very important dimension for
observing speed limitation law and observing traffic
conditions within city. This document aims to present a new
approach for finding speed of vehicle by using Centroid
method technique. In this study, the captured traffic images
are collected from a stationary camera mounted on a freeway
or at the junctions. These images are used for calculating
speed for a particular vehicle by calculating Centroid value of
vehicle. Using Centroid value, distance traveled by vehicle is
calculated. After finding distance covered by vehicle in
specific time duration, speed of vehicle is calculated.

This approach is implemented in MATLAB by using image
processing functions. Estimating speed of vehicle in traffic
surveillance helps in preventing accidental cases, congestion
control at junction and marinating traffic discipline within
city.
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1. INTRODUCTION

People encounter more problems as road traffic becomes
congested. Congestion is mainly due to less level of road
capacity and inbuilt infrastructure. Due to congestion, many
accidental problems occur. To reduce or minimize these
problems, new approach has been developed for finding
vehicle speed. Estimating vehicles speed helps in preventing
these problems.

In this document an approach is developed for finding speed
of vehicle using centroid method. In this study, the captured
traffic images are collected from a stationary camera installed
at freeway or junctions. The image taken from camera is
converted into gray scale image. This gray scale image is
divided into blocks. Same sized blocks are extracted from
every succeeding column as well as from every succeeding
row. The size of block should be similar to the size of
template image. The template image is the image of vehicles
which is matched with vehicle of input image to compute the
centroid value of vehicle. Centroid of vehicle is calculated
two times. Firstly, when vehicle is at one position say position
A and after traversing distance, vehicle reaches at new
position say position B. Centroid value has been calculated at
both the positions. From these centroid values of vehicle,
distance traversed by vehicle has been calculated using

the duration in which vehicle cover the about distance.

2. LITERATURE SURVEY

Rad A. G. et al. [1] presented a system by using video and
image processing toolbox for calculating the speed of vehicle.
Image has been taken from camera and camera was calibrated
on geometrical equation. The result has average error of speed
was +7km/h and -7km/h. this system is operated on different
resolution images and video sequences.

Shedbalkar K. et al. [2] described a speed estimation
technique based on extended kalman filter for permanent
magnet synchronous. System is developed for estimating
speed of motor. System is developed in MATLAB in
SIMULINK model Blockset.

Leite AV. et al. [3] proposed an approach for robust
estimation of speed in induction motor sensor less control.
Speed estimation method is based on extended kalman filter.
This algorithm used reduce order state space model.

Kassen N. et al. [4] developed a reliable and strong vehicle
speed estimation technique. This system guides the driver for
driving condition and helps to avoid join traffic jam. This
approach is based on RF. This system gives accuracy of 100%
for speed estimation and with accuracy of 90% in typical
streets.

Madasu V. K. et al. [5] presented a method for speed
estimation of vehicle by tracking vehicles motion. The motion
is tracked by using mathematical equation based on spherical
projection. Motion tracking has been done using algorithm.

Rahim H. A. et al. [6] estimated the vehicle velocity with the
help of laser speed traps and Doppler radars. This method
contains several steps image processing, centroid extraction
and then tracking.

Barnwal S. et al. [7] developed a system for estimation of
speed. This system is developed on the phenomenon of
Doppler shift and the time at which vehicle come closest to
the point of approach. The approach uses technique named
seam carrying.

3. TECHNIQUE USED

The core technique used in finding the speed of vehicle is
centroid method. In this method, centroid value of vehicle has
been calculated when it is at position A. After traversing
distance, when vehicle reaches at position B again find the
centroid value of vehicle. Two centroid values of vehicle have
been calculated at two different positions. From these values,
distance has been calculated from which speed is derived in
meter per second.



For calculation of centroid value, area of vehicle is calculated
by using formula:

—_1¢ynN-1
A= 521':0 (Xi Vit1-Xir1Yi)
This formula is used for the calculation of area of polygon.

After calculation of area, centroid for particular polygon has
been calculated by using formula:
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Cx = G—AZ?Lol (i +Xi41) (X Yip1-Xi41Yi)
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After calculating centroid value at two position of vehicle,

distance traversed by vehicle is calculated by using the
distance formula:

D=y(x;— %)%+ (¥2 — ¥1)?

Speed is calculated by mathematical formula as given below:

Speed - Distance

Time

4. PROPOSED METHODOLOGY

The methodology used is shown in flowchart. The basic
approach used is calculating centroid value from which
distance has been estimated and speed of vehicle has been

calculated.
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INSTANCE<--1

READ IMAGE FROM CAMERA

CONVERT BOTH IMAGES INTO GRAY SCALE IMAGES

MATCHED BLOCKSET <-- EMPTY

COMPUTE SIMILARITY METRIC

ADD BLOCK TO MATCHED BLOCK

B<-- MATCHED BLOCK

COMPUTE COORDINATES VALUE OF MATCHED BLOCK

INSTANCE +

FIND CENTROID VALUE OF MATCHED BLOCK

NOTIFY TIME FROM CCTV

DISPLAY SPEED OF VEHICLE

Figure 1: Flowchart



5. EXPERIMENT 1

This experiment has been done on real time images.

Step 1: Image from camera

Images captured from CCTV camera, installed at junction or
freeway has been used as input image. Input image is shown
in figure 2

Figure 2: Input Image

Step 2: Read Template Image

Images of individual vehicle are stored in database. From
database, read template images of vehicle. For Experiment
template is shown in figure 3.

Figure 3: Template image

Step 3: Convert into Gray Scale
Both the input image and template image has been
converted into gray scale images. Gray scale images
give better result on comparison. Gray scale images
are shown in figure 4 and 5.

Figure 4: Gray Scale image of input image

Figure 5: Gray Scale image of Template image
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Step 4: Dividing into blocks

Input image is divided into blocks. Same sized blocks are
extracted from every succeeding column as well as from
every succeeding row. Each block has size similar to the
template image.

Step 5: Matching of blocks

Template image is matched with each individual block.
Matching has been done by using co-relation function with
matching factor as .9. If both matched, information about
matched block has been retrieved.

Step 6: Compute coordinates value of matched block

After matching of block, coordinates value of matched block
has been calculated. Block is in rectangular shape so that four
coordinates has been calculated. First and second coordinates
have been calculated by finding the starting and ending
coordinate of block in first row. Next two coordinates have
been calculated by adding the size of block to that
coordinates.

TABLE . CO-ORDINATE VALUES

Coordinates ~ Values Coordinates Values
X1 150 Y1 9
X2 182 Y2 9
X3 182 Y3 40
X4 150 Y4 40

Step 7: Compute centroid value

Centroid value of matched block has been calculated. Before
calculating centroid value, area of block has been calculated.
Area is calculated by using formula:

1 an_
A= Ezli\I:Ol( Xi Vi1 Xi+1Yi)

After calculating area, centroid value along x-axis and y-axis
has been calculated using following formula.

1 @y
Ce == Xi00" (Xi+xie1) (X Vie1-Xiv1 Vi)
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TABLE II. Centroid Value
Cx 166
245

Cy

Step 8: Read vehicle image after traveling distance
After traveling distance, vehicle image has been taken from
camera. Image is shown in figure 6.

Figure 6: Vehicle after traveling distance



Step 9: Converted into Gray scale

Image has been converted into gray scale for comparison.
Image has been divided into blocks. Again blocks are matched
with template image and information about most matched
block has been retrieved.

Figure 7: Gray scale image of figure 6.

Step 10: Compute coordinates value of matched block
After traveling distance, coordinates value for matched blocks
have been calculated. Coordinates value is calculated as step

no 6.
TABLE III. Co-Ordinate Values

Coordinates  Values Coordinates Values

X1 154 Y1 69
X2 186 Y2 69
X3 186 Y3 100
X4 154 Y4 100

Step 11: Compute centroid value

Centroid value has been calculated similarly as step no 7.
Initially, area has been calculated for block then centroid
value has been calculated.

TABLE IV.  Centroid Value

Extent Centroid value

Cy 170

cy 84.5

Step 12: Calculating distance

Distance traveled by vehicle in horizontal or vertical
direction, calculated by using distance formula. This formula
has been applied on centroid coordinates for two most
matched blocks with template image. Distance formula is
given by:

D=(x2— %)%+ (y2 —¥1)?

Step 13: Notify time from CCTV camera
Time taken by vehicle to travel distance is notified from
CCTV camera.

Step 14: Calculating speed of vehicle
Speed of vehicle has been estimated by distance traveled by
vehicle in particular instant of time. Speed is calculated by
using mathematical concept of speed, time and distance. It is
given by:

Distance

Speed = —

Time
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Car travels distance 601332 meter with a speed of 27333 m/s

Figure 8: Result of Experiment 1

6. EXPERIMENT 2

Step 1: Image from camera

Figure 9: Input Image

Step 2: Read Template Image

kL

Figure 10: Template Images

Step 3: Convert into Gray Scale

Figure 11: Gray scale image of input image



Coordinates

Step 4: Dividing into blocks
Step 5: Matching of blocks
Step 6: Compute coordinates value of matched block

Co-Ordinate Values

TABLE V.
Values
X1 97
X2 143
X3 143
X4 97

Coordinates
Y1
Y2
Y3
Y4

Figure 12: Gray scale images of template images

Values
47
a7
7
7

TABLE VL.

Cx

Cy

Step 7: Compute centroid value

Centroid Value

120

62

Extent Centroid value

Step 9: Converted into Gray scale

Step 8: Read vehicle image after traveling distance

Figure 13: Vehicle image after traveling distance
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Figure 14: Gray Scale image of figurel3

Step 10: Compute coordinates value of matched block

TABLE VII.  Co-Ordinate Values
Coordinates Values  Coordinates  Values
X1 106 Y1 3
X2 120 Y2 3
X3 120 Y3 45
X4 106 Y4 45

Step 11: Compute centroid value

TABLE VIII. Centroid Value
Cx 113
c, 10.22

Step 12: Calculating distance
Step 13: Notify time from CCTV camera
Step 14: Calculating speed of vehicle

Car travels distance 52 245 meter with a speed of 2 3748 m/'s

Figure 15: Result of experiment 2

7. EXPERIMENT 3

Step 1: Image from camera

Figure 16: Input image
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Step 2: Read Template Image Step 7: Compute centroid value

TABLE X. Centroid Value

Extent Centroid value

Cy 64

s

67.5

Step 8: Read vehicle image after traveling distance

Figure 17: Template Image

Step 3: Convert into Gray Scale Figure 20: Vehicle image after traveling distance

Step 9: Converted into Gray scale

Figure 18: Gray scale image of input image
Figure 21: Gray Scale image of figure20

Step 10: Compute coordinates value of matched block

TABLE XI.  Co-Ordinate Values

LL

Coordinates Values Coordinates Values
X1 97 Y1 15
X2 113 Y2 15
X3 113 Y3 72
X4 97 Y4 72
ﬁ Step 11: Compute centroid value
TABLE XII.  Centroid Value

Extent Centroid value

Cy 105
cy 52.61

Figure 19: Gray Scale image of Template Image

Step 4: Dividing into blocks
Step 5: Matching of blocks
Step 6: Compute coordinates value of matched block

Step 12: Calculating distance

TABLE IX.  Co-Ordinate Values Step 13: Notify time from CCTV camera
Step 14: Calculating speed of vehicle
Coordinates  Values Coordinates Values
X1 51 Y1 53 e Car travels distance 43,6183 meter with a zpeed of 1.9826 m/s
X2 77 Y2 53
X3 77 Y3 82
X4 51 Y4 82

Figure 21: Result of experiment 2



8. EXPERIMENT 4

Step 1: Image from camera

Figure 22: Input image

Step 2: Read Template Image

L=

Figure 23: Template Image
Step 3: Convert into Gray Scale

Figure 24: Gray scale image of input image

L=
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Figure 25: Gray Scale image of Template Image

Step 4: Dividing into blocks

Step 5: Matching of blocks

Step 6: Compute coordinates value of matched block
TABLE XIl1I. Co-Ordinate Values

Coordinates  Values Coordinates Values

X1 0 Y1 0
X2 22 Y2 0
X3 22 Y3 46
X4 0 Y4 46

Step 7: Compute centroid value

TABLE XIV. Centroid Value

Extent Centroid value

Cy 11

c 23

y

Step 8: Read vehicle image after traveling distance

Figure 26: Vehicle image after traveling distance

Step 9: Converted into Gray scale

Figure 27: Gray Scale image of figure20



Step 10: Compute coordinates value of matched block

TABLE XV. Co-Ordinate Values

Coordinates ~ Values Coordinates Values
X1 182 Y1 88
X2 197 Y2 88
X3 197 Y3 178
X4 182 Y4 178

Step 11: Compute centroid value

TABLE XVI. Centroid Value

Extent Centroid value

s 189.5

c 177.42

y

Step 12: Calculating distance
Step 13: Notify time from CCTV camera
Step 14: Calculating speed of vehicle

Car travels distance 236.0258 meter with a speed of 1.9869 0

Figure 28: Result of experiment 2

9. RESULT

The result of estimation of vehicle speed using centroid
method is shown in table 17.Four real time images are
experimented and results are notified according to accuracy in
percentage.

TABLE XVII. Centroid Value

Experiments Distance

( meters)

Experiment 1 60.133 2.7333
Experiment 2 50.245 2.3748
Experiment 3 43.6183 1.9826
Experiment 4 236.02 1.966
Accuracy % 100 99.01
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10. CONCLUSION

An efficient image processing approach has been suggested
and analyzed for estimation of speed of vehicle using centroid
method. From analysis, conclude that images in which vehicle
travel in vertical direction gives result with accuracy 98% to
99%. The reason behind this is vehicle coming from far
distance looks in small size but as it covers distance in vertical
direction size of vehicle increases, two template images are
needed for matching of vehicle and accuracy decreases. The
images in which vehicle moving in horizontal direction, size
of vehicle remains constant and accuracy is almost 100%.

11. FUTURE SCOPE

Many of the system have been developed till date but no one
is best suitable according to efficiency, reliability and
accuracy. The above developed system can be extended on
SIMULINK Blockset in MATLAB and simulated for better
efficiency and accuracy. After implementing on SIMULINK
Blockset, it can be implemented on hardware using HDL code
generation in MATLAB.
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