
50 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 2, IssuE 2, JunE 2011 ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Abstract
This research intends to develop the speed violated vehicle 
detection system using image processing technique. Overall 
works are the software development of a system that requires 
a video scene, which consists of the following components: 
moving vehicle, starting reference point and ending reference 
point. A dedicated digital signal processing chip is used to exploit 
computationally inexpensive image-processing techniques over 
the video sequence captured from the fixed position video 
camera for estimating the speed of the moving vehicles The 
moving vehicles are detected by analyzing the binary image 
sequences that are constructed from the captured frames 
by employing the interface difference or the background 
subtraction Algorithm. A novel adaptive thresholding method is 
proposed to binarize the outputs from the interframe difference 
and the background subtraction techniques The system is 
designed to detect the position of the moving vehicle in the 
scene and the position of the reference points and calculate 
the speed of each static image frame from the detected 
positions and report, to speed violated vehicle information to 
the authorised remote station. 

Keywords
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Processing, Adaptive Thresholding, Colour Modelling, 
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I. Introduction
Vehicle speed monitoring is important for enforcing speed 
limit laws. It also tells the traffic conditions of the monitored 
section of the road of interest Speed camera systems are widely 
used as a deterrent tool to prevent drivers from speeding. They 
mainly consist of three major units: 1) vehicle detectors; 2) a 
fixed-position video camera; and 3) a processor to control the 
overall system. The vehicle detectors are generally installed in 
pairs [1] with a known physical distance between them, and 
signals that originated in the existence of a vehicle are used to 
estimate the time that it takes for the corresponding vehicle to 
travel in between two detectors. The speed of the vehicle is then 
estimated according to the known distance and the estimated 
travel time between detectors. Then, the controlling processor 
triggers the camera to capture the image of the speeding vehicle 
according to the speed regulations. The vehicle detectors could 
be categorized into two types: 1) hardware-based detectors 
and 2) software-based detectors. The former is based on the 
electromagnetic principles and requires a dedicated hardware. 
The latter, which is adopted in this paper, performs vehicle 
detection using complex Image processing techniques over 
vehicle detectors can be categorized into four main groups: 
1) inductive loop detector; 2) laser detector;3)optical detector; 
and 4) weight detector. An inductive loop detector is a wire 
loop that is embedded into the road’s surface. The wire loop 
emits a magnetic field that can detect vehicles by the metal 
contained within a vehicle and only detects vehicles that travel 

directly above them. Loop detectors are well known and well-
studied technologies that have been widely used within many 
surveillance projects. Installation is relatively inexpensive, and 
power requirements are low. However, the main disadvantages 
related with them are that they need to be located within the 
pavement (hence subject to pavement damage).and installation 
and maintenance require traffic disruption. For laser detector 
[2], a laser is located above the roadway, emitting a beam 
aimed at a photodiode array placed on the pavement. The 
vehicle detection is achieved when the vehicle breaks the 
laser beam and the photodiode array detects its presence. 
The laser detector can work in day and in night under the 
different weather conditions, but extreme temperatures could 
yield performance loss in their functionalities. The optical 
detector achieves vehicle detection using two light-activated 
optical sensors placed inside road studs located on the ground. 
Installation and maintenance of this technology is easy, but 
the technology is new, and conclusive results on accuracy are 
not yet available. The weight detector employs bending plates, 
piezoelectric sensors, or fiber-optic load sensors to detect 
vehicle weight. Measuring weight is extremely useful for vehicle 
detection and classification and is rarely collected with other 
types of detector. The weight detectors have substantial error 
in measuring vehicle weight, and they are located within the 
pavement, which requires lane closures.
For the software-based vehicle detectors, video cameras are 
placed alongside a roadway [4,7] to achieve moving vehicle 
detection. The video cameras continuously acquire images of 
the traffic flow, which can be analyzed to extract a variety of 
information. Software-based vehicle detector is nonintrusive 
and does not require roadway disruption for installation or 
maintenance, but the performance of image analysis algorithms 
can suffer from poor weather, darkness, glare, or shadows. 
Furthermore, high power computing processors are needed to 
perform computationally complex image processing algorithms 
in real time. Computationally inexpensive image processing 
techniques are adopted and developed for vehicle detection 
and tracking. Image processing is the technology, which is 
based on the software component that does not require the 
special hardware. with a typical video recording device and a 
normal computer [7], we can create a speed detection device. 
By using the basic scientific velocity theory, we can calculate the 
speed of a moving vehicle in the video scene from the known 
distance and time, which the vehicle has moved beyond.

II. Binary Image Generation
The speed measurement is performed in binary image domain, 
i.e., each pixel is transformed into either “1” or “0” according 
to its motion information. To binarize the incoming input image 
and only detect the moving pixels, two different techniques 
are used: (1) interframe difference and (2) background 
subtraction.

A. Interframe Difference Technique
Let us assume that the input RGB image from the camera 
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through a video card is represented as of size  
at time  Furthermore, considering the region of interest, and 

let   be the subimage of size H  W  referring to the 
pixel intensity values of the spatial region labeled with .The 
difference image between consecutive frames at times  and 

 is computed by taking the absolute valued difference of 
gray scale representations of frames. The RGB image   
is converted to gray scale image  by using simple averaging 
of color channels, i.e.,
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Where , ,  are the intensity values for R,G,and B 
channels, respectively.

After the conversion to grayscale, the previous frame  is 
subtracted from the  urrent frame o create an absolute valued 
difference , i.e., 

           , 1 1DI I It t t t= −− −             (2)

Once the difference image is obtained, thresholding is applied 
to differentiate the moving pixels from the non-moving pixels. 
This process generates a binary difference image 

using a threshold value The threshold value

 is statistically obtained as 
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where ( ), 1DI t tµ −  and ( ), 1DI t tσ −  are the mean and the standard 
deviation of the difference pixels, respectively, and (y, x) is the 
spatial coordinate. The definition of standard deviation given 
in (3) requires mathematical operations of square root and 
square. These operations are expensive in computation and 
require more energy consumption. Thus, we modify it as
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Using the threshold ( ), 1DI t tτ −  the binary difference image

, 1BDI t t−  is created as

( )1, ( , ) , 1, 1( , ), 1 0, .
y xif DI DI t tt tB y xDI t t otherwise

τ



≥ −−=−
         (5)

Fig.1 shows the binarization process of the frame difference 
using two consecutive RGB frames. Fig. 1 (a) and (b) shows the 
current and previous frames, respectively. The binary difference 
image according to (2) is shown in Fig. 1 (c). The thresholding 
process according to (5) generates a binary image as shown in 

Fig. 1 (d) for further processing. Generating a binary difference 
image using the interframe difference technique only requires 
a single frame memory to store the previous frame.

        (a)                     (b)                    (c)                    (d)

Fig. 1: Illustration of generating difference and binary difference 
images using the interframe difference technique. (a) Current 
RGB image. (b) Previous RGB image. (c) Difference image using 
(2). (d) Binary difference image using (5).

B. Background Subtraction Technique 
Background subtraction detection is the essential function for 
all surveillance system based on computer vision. Accurate 
background subtraction is a key element to successful object 
tracking. Background subtraction mainly used to determine 
region of foreground object. The basic method is by pixel-
by-pixel absolute differentiation of consecutive video frame 
with background image. However, in practical usage for live 
traffic monitoring system, background tends to be dynamic. 
Background can be affected by variation of lightning conditions, 
camera vibration and surroundings conditions. Thus, several 
methods were proposed for background modelling technique. 
Most popular method of background subtraction is modelling 
through statistic method. One of the approaches is Gaussian 
Mixture Model probability distribution for each pixel .In this 
method mean and variance is updated with the pixel values 
from the new frames of video sequence. After few frames, 
the model has acquired enough information and decision is 
made for each pixel whether it’s background or foreground. 
Background and foreground decision is based on parametric 
equation. Interframe difference-based binary image generation 
produces an abstract representation of moving objects. A better 
approach is to perform background subtraction which identifies 
moving objects from the portion of a video frame that significantly 
differs from a background model. It involves comparing an 
observed image with an estimate of the background image 
to decide if it contains any moving objects. The pixels of the 
image plane where there are significant differences between 
the observed and estimated images indicate the location of 
the objects of interest.
Let us assume that the background image Bt of a specific 
scene is constructed. The current grayscale image I t  at time 
t is subtracted from the background image Bt as

                                S B It tt= −Β                                   (6)

to find the absolute-valued difference image between It and Bt. 
The difference image is binarized using the same approach in 
(5), i.e.,BBSt(y, x) = 1, if 
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where τ (BSt) is a statistical threshold that is calculated 
according to (3), and BBSt is a binary difference image. 

       (a)                  (b)                   (c)                 (d)

Fig. 2: Illustration of generating difference and binary difference 
images using the background subtraction technique. (a) Current 
RGB image. (b) Background RGB image. (c) Difference from 
the background image using (6). (d) Binary difference image 
using (7).
 
Fig. 2 shows the binarization process of the background 
subtraction technique. Fig. 2(a) and (b) shows the current and 
the background images, respectively. The difference image 
according to (6) is shown in Fig. 2(c). The thresholding process 
according to (7) generates a binary image that is shown in Fig. 
2(d) for further processing.
The background image is updated according to BBSt using 
BSt and It as

( , ) ( , ) (1 ) ( , ),   if BB ( , ) 01

                     ( , )                                  otherwise

B y x B y x I y x S y xt t t t

B y xt

α α= + − =+

 (8)

where Bt+1 is the updated background image, and α Є [0, 1] is 
an update factor that is settled as α = 0.95 in this paper.

The mean filter method for background generation is used 
because the background in the original color is needed and also 
it is an effective way for generating background, particularly, in 
low light variation and stationary camera posture, as it produces 
accurate results. The equation used in this study is described 
in the following formula:
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Where: n is frame number ( )f tnxy  is the pixel value of (x,y) in 
n’th frame ( )tk nxy  is the pixel mean value of (x,y)  in n’th frame 
averaged over the previous j frames  and j is the number of the 
frames used to calculate the average of the pixels value.

III. Speed Detection
The speed of the vehicle in each frame is calculated using the 
position of the vehicle in each frame, so the next step is to find 
out the blobs bounding box, and the centroid. The blob centroid 

is important to understand the distance of the vehicle moving in 
consecutive frames and therefore as the frame rate of captured 
moves is known, the calculation of the speed become possible. 
This information must be recorded consecutively into an array 
cell in the same size as the captured camera image because 
the distance moved by the centroid is needed which is a pixel 
with a specific coordinate in the image to find out the vehicle 
speed. To find out the distance moved by the pixel, suppose 
the pixel has the coordinate like:

                      ( ),i a b=
  ( )1 ,i e f− =

                             (10)
where the centroids location is showed in frame i and i-1for one 
vehicles, with (a, b) coordinate and (e, f) coordinate.
The distance difference for the vehicle is equal to

                   ( ) ( )221 a e b fd = − + −
                                  (11)

and if the image sequence is 25 frames per second, the time 
between two consecutive frames is equal to 0.04 s and finally 
the speed can be determined from the equation.

                          
x

y
V K=

∆
∆                                               (12) 

Where K is the calibration coefficient.
Speed Violated vehicle Detection Using shrinking algorithm.

Algorithm:
The speed estimation process is related with the 
tracking objects[5] in binary difference image tBI where

, 1,{t t t tBBSBI BI −∈  The tracking and speed estimation using
tBI  consists of the following steps.

(1) Use the binary image tBI  and segment it into groups of 
moving objects using the aforementioned shrinking algorithm 
to   create 't sFR   over region 0R .
(2) Track each tFR  in consecutive frames and find its 
spatial bounding box coordinates, i.e., upper left side coordinate 

of the  spatial bounding box , tty x
 
 
  at time instant t.

(3) Trigger the timing it  when the object passes the first 
imaginary line located at, 1y i.e., 1tiy y≤  and record its upper 

left side coordinate of the spatial bounding box, i.e., ,
titiy x 

 
  .

(4) Trigger the timing et when the object passes the second 
imaginary line located at y2, i.e., 2tey y≤  and record its upper 

left side coordinate of spatial bounding box, i.e., , tetey x
 
 
  .

(5)  Estimate the speed of moving the vehicle by           

y te ti

x e i
V

y y
t t
−

= =
−

∆
∆  

(6) If the speed V is lower than the speed limit, then 
discard the object and go to step 1.
(7) Extract the license plate using color information.
(8) Transmit the extracted license plate image to the 
authorized remote station.

(9)  Go to step (1).
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Fig. 3: Configuration for the speed measurement of a moving 
vehicle.

IV. Results

Fig. 4: RGB Image

Fig. 5:  Background frame

Fig. 6: Grascale image

Fig. 7: Binary Image
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Table1: Vehicle Speed detection using Shrinking algorithm
Vehicle 
number

True speed
(km/h)

Estimated 
speed
(km/h)

Error
(km/h)

1 60.60 60.72 0.12
2 72.80 73.58 0.78
3 64.60 65.76 1.16
4 73.30 74.10 0.80
5 63.20 63.64 0.44

                        Average error          0.66

V. Conclusion
In this paper, we have presented speeding vehicles are detected 
using the image processing techniques over the input image 
sequence captured from the fixed-position video camera. 
Computationally inexpensive image processing techniques are 
developed and employed to reduce the energy consumption. 
The speeding vehicles are detected and tracked in consecutive 
sequences the image of the overall speeding vehicle is reported 
to the authorized remote station. The accuracy of the proposed 
system in the speed measurements is comparable with the 
true speed of the moving vehicles. Best results are obtained 
in shinking algorithm.
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