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Abstract

Vehicle speed is an important parameter that finds tremendous application in
traffic control identifying over speed vehicles with a view to reducing acci-
dents. Many methods, such as using RADAR and LIDAR sensors have been
proposed. However, these are expensive, and their accuracy is not quite satis-
factory. In this paper, a video-based vehicle speed determination method is
presented. The method shows satisfactory performance on standard data sets
and gives that error rate of velocity estimation is within 10%.

Keywords

Vehicle Detection, Speed Calculation, Background Subtraction, Vehicle
Tracking

1. Introduction

Traffic accidents are very dangerous as these result in injury and death of pas-
sengers and pedestrians in addition to the damage of vehicles and roads. Ban-
gladesh is one of the top countries in the world where road accident rate is very
high. A traffic accident is a great pain and loss of a nation. Though concerned
authorities have taken many initiatives to minimize the road accident rate and
increase the road safety, still every year thousands of people get killed and in-
jured due to road accidents. According to statistics of road accidents and casual-
ties from Bangladesh Police, in the year of 2016, 2566 dangerous accidents oc-
curred and that caused 2463 deaths and 2134 injuries [1]. In fact, the actual
number of accidents is very high as many accidents are not reported to con-
cerned authorities. The speed of vehicle is considered as one of the main factors
for road accidents, and, also it is an important traffic parameter, so detection of

speed of a vehicle [2]-[7] is very significant for more smooth traffic manage-
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ment. Various methods based on RADAR (Radio Detection and Ranging) or
LIDAR (Laser Infrared Detection and Ranging) or camera have been developed,
but none of these techniques are perfect.

In this paper, an imaged-based vehicle speed estimation method is developed
using physics-based velocity theory. It consists of a video camera that is placed a
fixed location for capturing images and then a computation system works on the
images to calculate the speed. Several video-based techniques are developed for
detecting moving objects, such as temporal differentiation, optical flow, back-
ground subtraction, etc. Among these, background subtraction technique is
simpler than other techniques. In this technique, the absolute difference of the
background frame and the current frame is taken. Here, a hybrid technique is
used that consists of an adaptive background subtraction technique and a
three-frame differentiation method.

The method consists of five major modules such as image acquisition and en-
hancement, segmentation, centroid calculation, shadow removal and speed cal-
culation.

The rest of the paper is organized as follows. Section II describes the theory
and method along with implementation for vehicle speed estimation. In Section
I11, experimental result and discussions are given. Finally, conclusions are drawn

in Section IV.

2. Methodology

A flow diagram of the vehicle speed detection method is shown in Figure 1. A
brief explanation of this algorithm is given below:

It consists of three major blocks. The first block is video image capturing and
background subtraction. It consists of a stationary video camera that is placed a
fixed location for capturing images. The primary task of the vehicle speed esti-
mation method is to detect the moving vehicle from the video. A three-frame
differencing technique is applied to know the motion pixels. So, the second
block is the extraction of vehicle by using an adaptive background subtraction
method. Here, the stationary pixels are background pixel and the moving pixels
are foreground, as shown in Figure 2. This is accomplished through image en-
hancement (noise reduction), vehicle centroid and area calculation for getting
the vehicle bounding box.

Let the position of a captured pixel is (x,p) at time ¢ = n and its intensity is
I(x,p). Using three frame differencing technique, an object is moving if the posi-
tion of a pixel in the current image (/,) and its position in the consecutive pre-
vious frames (/) and (Z,,). Mathematically, motion is detected if the conditions
of Equation (1) hold.

(]n (x,y)—IH (x,y) >Th, (x,y)) and (In (x,y)—]w2 (x,y) > Th(x,y)) (1)
where Th, (x, y) is the threshold value at pixel position (x,y).

Then the background subtraction image is achieved by the subtraction of the

background B,(x,y) frame from the current frame /,(x;y) through Equation (2).
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Figure 1. Flow diagram of the vehicle speed detection method.

Figure 2. Moving object extraction through background subtraction.

ST, (x,y):In (x,y)—Bn (x,y) (2)

where, SI (x, y) be the subtracted image.

From the background subtracted image the noise pixels are removed based on
outlier and the shadow pixels are removed based on the intensity of pixels, as the
intensity of a shadow pixel is lower than the intensity of an object pixel. After
that object tracking is done through segmentation by connectivity of pixels and
labeling of objects. Each labelled object is bounded through a rectangle. Then the
area of each labelled object is calculated. Tracking of each object (vehicle) is rec-
orded when it enters the scene (at frame S/;) and when it leaves the scene (at
frame S7,). Centroid of vehicle in the respective frame can be easily determined
from the labelled object using the xand y coordinates as

(xwyc)z(M,MJ 3)

2 2
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Table 1. Vehicle speed measurement result.

Actual Speed Variation in measured value Error
10 km/hr 9 -11 km/hr +10.0%
15 km/hr 14.5 - 16 km/hr +5.0%
30 km/hr 27 - 32 km/hr +8.3%
40 km/hr 39 - 42 km/hr +3.7%
50 km/hr 47 - 52 km/hr +5.0%

where, (x,,y,) is the center of the vehicle.

The third and the final block is the calculation of the speed of the vehicle.
Speed can be easily calculated by counting the frame numbers needed to enter
and leave the labelled object and the distance it covers. The Euclidean distance of
the centroids of nth and (22 — 1)th frames gives the distance traveled by the re-
spective object (vehicle). The frame rate of the video is then multiplied by the
total number of frames. From this total time and distance, speed is measured

and mapped in real time through Equation (5).

Distance = \/(x",l - X, )2 + (yH =Y, )2 (4)

where, ((xn, ¥, )5 (%%, )) is the coordinates of the centroid pixel in nth
frame and (22 — 1)th frame, respectively.

a x Distance
(Frame (n)—Frame(n— l)) x FrameRate

Speed = (5)
where, a is the calibration coefficient that maps image to object motion and can
be calculated as

a = real height of the vehicle/image height of the vehicle.

3. Experiment

For our experiment, we have used QMUL Dataset [8] for our experimentation.
This is a traffic dataset whose video length is 1 hour and has 90,000 frames. The
size of each frame is 360 x 288 pixels and the frame rate is 25 Hz.

Table 1 shows the experimental result. This table confirms that the speed of
the vehicle calculated by our system is similar to the real speed of the vehicle, as
the error rate is within 10%.

4. Conclusion

An image-based vehicle speed estimation system is presented in this paper,
which is a good alternative to the traditional RADAR or LIDAR-based system.
We have done experimentation through standard dataset and estimated the real
speed of a vehicle. From the experimental findings, it is confirmed that the sys-
tem works well with good accuracy as the error rate is within 10% limit. In the
future, we will work for accuracy improvement as well as implementation of the

system in real-life environment.
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