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ABSTRACT 
 

This paper investigates vehicle detection, tracking and classification. The detection stage is based on the background 
subtraction technique, where the background image is subtracted from the current frame. Pixel values greater than the 
set threshold are considered as part of the foreground. The tracking stage is accomplished using the Kalman filter, 
which predicts the current position of the vehicle using information of its prior positions. The tracked vehicle is then 

segmented at point where its colour is most visible (point closest to the camera). A small patch (20 x 20) is then ex-
tracted from the segmented vehicle and use as a colour sample. At the final stage, the extracted patch is compared 
against the gallery to determine the colour class of the vehicle. The experimental results show a promising trend in 
classifying vehicles based on their colour with 100% accuracy in terms of classification. 
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1. INTRODUCTION 

Image based, visual detection, tracking and classification 

of vehicles have received considerable attention during 

the past few years. It has a great potential application in 

the field of surveillance system, vehicle tracking and au-

tomatic road way monitoring. Automatic monitoring of 

traffic helps for early detection of possible road conges-

tion in a timely way. Thus, facilitates the traffic manage-

ment authorities to employ effective traffic control 

measures. A number of approaches for vehicle detection 

and classification have been developed in the past using 

different attributes of the vehicles. A comprehensive sur-

vey on vehicle detection, tracking and application appears 

in (Yang & Pun-Cheng (2017). Several vehicle tracking 

algorithms are presented in (García, & Shu (2010), Long 

et al. (2010), Sivaraman & Trivedi (2013), Chen et al. 

(2016)). While vehicle classifications are basically based 

on model-based or appearance-based approaches, major-

ity of the papers on classification are using model based 

(Messelodi et al. (2005), Nieto et al. (2011), Rabiu (2013)). 

Colour has been a strong vehicle’s attribute security oper-

atives use in tracking and tracing of stolen vehicles. 

Therefore, a system that classifies vehicle based on their 

colours will narrow the search space to a particular colour 

class and thus enhances the overall effectiveness of the 

search.  

In this paper, we present a novel vehicle detection, track-

ing and classification system based on the vehicle’s colour. 

The paper is organized as follows. In section 2 a brief sys-

tem overview is presented. Section 3, describes the sys-

tem’s methodology. Experimental results are presented in 

section 4. Finally, conclusions are discussed in section 5.

2. GENERAL SYSTEM OVERVIEW 

Figure l describes the general outline of the proposed sys-

tem, which pictorially shows various stages of the system. 

The system consists of three main steps; vehicle detection, 

tracking and classification.
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        Figure l: Pictorial diagram of the proposed system. 

 

The stages of the system are as follows: 

1) Background estimation: in this stage the first few 

frames of the image sequence are used to form the back-

ground model. 

2) Vehicle detection: here, a vehicle is segmented from 

the background image using the developed background 

model. 

3) Vehicle tracking: the segmented vehicles are 

grouped and tracked from frame to frame using Kalman 

filter method. 

4) Classification: as the vehicle is about to leave the detection 

zone, a patch of size 20 by 20 is cropped from its body and 

compared against the gallery for color similarity and catego-

rization. 

 

3. METHOD 

3.1. Background estimation 

Several methods are used in the past for background ex-

traction and update from images of moving vehicles in 

video. Since the current frame might also contain fore-

ground images, Gupe et al (2002) modifies the back-

ground subtraction technique using a weighted average of 

the current background and that of the current frame of the 

video sequence. Therefore, before the pixels update; the 

current image is classified into background and fore-

ground. Finally, only pixels belonging to background of 

the current frame are used in updating the background 

model. Long et al (2010) employed three steps strategy to 

model the background. First, they selected some loosed 

video frames. Second, they applied frame difference inte-

gration to remove pixels movement corresponding to ve-

hicle in the selected frame. Third, using median value 

method each pixel value of the background is estimated. 

In this work, we have employed an effective background 

estimation method proposed by Gloyer et al. (1994). This 

approach is based on the well-known fact that the intensity 

of the pixels belonging to the road remains relatively same 

across all video frames as compared to that of the passing 

vehicles. Thus, in order to identify pixels belonging to the 

foreground, we observed the intensity of each pixel over 
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several initialization frames. The intensity value that oc-

curred most across the initialization frames is chosen to be 

part of the background image. 

3.3. Moving Vehicle Detection 

In a stationary camera system, object detection is usually 

accomplished by a simple background by frame differenc-

ing and then followed by thresholding Cheng (2011). The 

key idea of background subtraction is that it compares the 

current frame against the background model to determine 

the pixel differences at each location. If the difference of 

pixel at a location is greater than certain threshold, such 

pixel is considered to be from moving vehicle. In this 

Work, we use three distinct steps to detect pixels belong-

ing to moving vehicles. 

i) The generated background image is subtracted from the 

current frame. This results in an image containing the 

foreground only. 

ii) The resulting image is converted into a binary image. 

If a pixel value is greater than a preset threshold as in Coif-

man et al. (1998) then a rectangular blob is formed indi-

cating the moving object or the foreground object. 

iii) Using morphological operation pixels belonging to 

each detected blob are grouped together.  

Figure 2, illustrates the operational stages of this unit. 

 

  

  

Figure 2: Moving Vehicle Detection with a Stationary Camera 

 

3.3. Vehicle Tracking 

Vehicle Tracking: Object tracking is the process of tagging 

the detected object’s position and tracing it across the 

whole video sequence. Essentially, there are four types of 

object tracking methods as suggested by Coifman et al. 

(1998). These are; model based, region based, active con-

tour based and feature based. The model-based method, 

relies on the use of detailed geometric model of the object. 

Region based method, uses background subtraction for in-

itialization. It then traces the detected blobs using region 

tracking techniques such as Kalman filter. Active contour-

based method represents the detected object by its bound-

ing contour and keeps updating it throughout the detection 

region. Feature based method tracks some selected salient 

features of the object instead of the whole object. In this 

work, Kalman filter is used to track the detected vehicle 

passing through the detection region. Kalman filter is a 

powerful tracking algorithm which predicts the position of 
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a target in the current image (frame, I) using the prior in-

formation of its location in previous image (frame I-1). 

In general, Kalman filtering is an algorithm that provides 

estimates of some unknown variables given the measure-

ments observed over time. In this case the centroid of the 

blob detected in the previous frame is compared with each 

frame centre, if the blob maintained its position across the 

frames it means the vehicle is moving with a constant ve-

locity. Else if the centroid of the blobs moves to the right 

of the frame’s centre it means the vehicle is accelerating 

and if on the other hand, the blob’s centroid moves to left 

of the frame’s centre it means the vehicle is decelerating.  

The Kalman filter uses the changes in centroid positions 

plus the video’s speed (frame per second) to predict the 

vehicle position in the future frames.  

Once an object emerges in the detection region, a bound-

ing box is set around it and the following parameters are 

monitored: (l) blob area (2) blob centroid and (3) the 

bounding box’s coordinates. Using the bounding box co-

ordinates of the previous frame, the Kalman filter com-

putes the current location of each vehicle. As the detected 

vehicle advances towards the camera its area keeps getting 

larger as well, the area of each vehicle is monitored as the 

video streams. Once the value of the current area becomes 

lower than its value in the previous frame, we crop the 

image at the previous frame (frame I-1). The advantage of 

cropping vehicle when the image reaches it maximum size 

is that both the vehicles structure and colour become more 

visible. Figure 3 illustrates the proposed tracking method. 

 

 

 

 
 Figure 3: Proposed vehicle tracking and cropping system 

 

Where: 𝑓𝑡 and 𝐴, corresponds to current frame and cur-

rent vehicle blob area respectively. and 𝑓𝑡−1, 𝑓𝑡−2 are the 

previous frames. 
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3.4. Vehicle Classification 

The aim of this unit is to determine to which colour class 

the detected vehicle belongs and to keep track of the total 

vehicles that have passed. Vehicle’s colour is used to clas-

sify the passing vehicles into four colour types: red, green, 

white and black. The selection of these colours is based on 

the available vehicles’ colours contained in the video used. 

However, the system can easily be made to accommodate 

more colours by simply including them in the training set.  

3.4,1 Colour is a powerful visual processing tool in our 

everyday life. Generally, there are two main approaches to 

colour based image annotation: average colour based and 

histogram based methods Saber et al.(1996). In this work, 

average colour-based method is employed. In the average 

based method, the input colour is compared with an aver-

age colour palette in the training set. Using Euclidian dis-

tance measure, a colour with the closest match between 

the probe and gallery is selected as the desired colour.  

3.4.2 Colour Templates- Digital colour images are mostly 

represented in RGB colour space. However, RGB model 

is susceptible to intensity changes. Therefore, to achieve 

better colour stability and effective bandwidth reduction, 

the cropped patches from RGB colour format is first con-

verted into a more stable colour space called YCbCr using 

equation (2) Dharan et al. (2015). Where, Y is the lumi-

nance component, Cb represents the blue difference and 

Cr corresponds to red difference. 

 

[
𝑌
𝐶𝑏
𝐶𝑟

] = [
16
128
128

] + [
65.481 128.553 24.996
−37.797 −74.203 112
112 −93.786 −18.214

] [
𝑅
𝐺
𝐵
] (1) 

The four color templates are formed by manually extracting 

three 20 x 20 patches from each sample vehicle. The patches 

are then transformed into YCbCr color space; since Cb and 

Cr are less affected by intensity changes, they are used in 

constructing the color templates. To achieve a speedier clas-

sifier, the feature vectors are extracted from these patches us-

ing the method proposed by Mishra et al. (2011). In this 

scheme, the average of all row means and all column means 

is generated from each color plane; the result is then com-

bined to have an extended feature vector for all the colors 

considered. Finally, Euclidean distance between the probe 

and gallery is computed using equation (2). The gallery im-

age that corresponds to the lowest distance is considered as 

the class of the input image. 

  𝑑〈𝑦𝑛 . 𝑥𝑖〉 = 〈𝑓𝑘(𝑦𝑛) − 𝑓𝑘(𝑥𝑖)〉
2   (2) 

 

The proposed algorithm for the detection and classifica-

tion of vehicle based on color consist of four steps: the 

background estimation in which few initial frames are 

used to develop background model. The running time of 

this step and vehicle detection step are determined by a 

simple frame differencing which is linear.  The next step 

uses the Kalman filter to track the detected blobs across 

the video frames. Kalman filter is a tool that deals with 

nonlinear models in an efficient way. While the next step 

involves the cropping of a small color patch from the ve-

hicle’s body, to reduce the computational cost the patch is 

made small (20 x 20). Finally, classification step uses Eu-

clidean distance which is also linear. Note that, the back-

ground development and classifier training are done only 

once and thus have no implication on the real ime compu-

tational cost. The running time based on a set of 60 train-

ing and testing images when run on Pentium(R) 4 CPU 

3.2 GHz, 2 GB of RAM) was 0.45 seconds. 

4. EXPERIMENTAL RESULTS 

The performance of the proposed method was tested on a 

video sequence of 120 frames containing ten cars with 

four different colors. The video is taken from publicly 

available MATLAB video demos. The experimental re-

sults have shown that all the vehicles in the clip have been 

correctly detected by the program using the method dis-
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cussed in the Section 3.2. Similarly, the classification re-

sult has also shown a remarkable accuracy in classifying 

the detected vehicles into their respective classes with rec-

orded accuracy of 100%. To verify the result, two adults 

with no history of color blindness were engaged to manu-

ally count and annotate the video sequence. The result 

from the two persons were averaged and used as a bench-

mark. Tables (I) and (2) give the summary of the results. 

TABLE 1 Hunan Classification 

 Black White Green Red 

Black 1 0 0 0 

White 0 7 o 0 

Green 0 0 1 0 

Red 0 0 0 1 

     

TABLE 2 System Classification 

 Black White Green Red 

Black 1 0 0 0 

White 0 7 0 0 

Green 0 0 1 0 

Red 0 0 0 1 

     

At the end of the experiments, we compared the pro-

posed system’s detection and classification accuracies 

against the ground-truth Table (1). It can be seen from Ta-

bles (1) and (2) that the classification scores are identical 

in both cases. This implies that the proposed method has 

reached 100% accuracy in both the detection and the clas-

sification stages on the test cases involved. 

5. CONCLUSIONS 

This paper presented a new method for vehicle detection, 

tracking and classification using colour. Background sub-

traction method is used in the vehicle detection stage. In 

the second stage, Kalman filter is employed to track the 

detected vehicle’s position from frame to frame. Using the 

vehicle’s growing blob area, the vehicles are segmented at 

a point where it is closest to the camera, thus more visible. 

At the third stage, an extracted patch from the segmented 

vehicle is used as a colour sample. At the last stage of the 

algorithm, the extracted patch is compared against the gal-

lery. The output with the least Euclidean distance is de-

clared as the class of the sample vehicle. The experimental 

results indicated that colour can reliably be used in vehicle 

detection, tracking and classification.

REFERENCES

Cheng, H. (2011). Vehicle Detection and Tracking. In Au-

tonomous Intelligent Vehicles (pp. 61-80). Springer, Lon-

don.  

Coifman, B., Beymer, D., McLauchlan, P., & Malik, J. 

(1998). A real-time computer vision system for vehicle 

tracking and traffic surveillance. Transportation Research 

Part C: Emerging Technologies, 6(4), 271-288. 

Dharan, S. V., Khalil-Hani, M., & Shaikh-Husin, N. 

(2015). Hardware acceleration of a face detection system 

on FPGA. In 2015 IEEE Student Conference on Research 

and Development (SCOReD) (pp. 283-288). 

García, R. I. R., & Shu, D. (2010). Vision based Vehicle 

Tracking using a high angle camera. Technical report, 

Clemson University. 

Gloyer, B., Aghajan, H. K., Siu, K. Y., & Kailath, T. 

(1994). Vehicle detection and tracking for freeway traffic 

monitoring. In Signals, Systems and Computers, 1994. 

1994 Conference Record of the Twenty-Eighth Asilomar 

Conference on (Vol. 2, pp. 970-974). IEEE. 

Gupte, S., Masoud, O., Martin, R. F., & Papanikolopou-

los, N. P. (2002). Detection and classification of vehicles. 

IEEE Transactions on intelligent transportation systems, 

3(1), 37-47. 

Long, Y., Xiao, X., Shu, X., & Chen, S. (2010, Novem-

ber). Vehicle tracking method using background subtrac-

tion and meanshift algorithm. In E-Product E-Service and 

E-Entertainment (ICEEE), 2010 International Confer-

ence on (pp. 1-4). IEEE. 

Messelodi, S., Modena, C. M., & Zanin, M. (2005). A 

computer vision system for the detection and classifica-

https://www.bayerojet.com/


             ISSN: 2449 – 0539  
                    BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.16 No.1, JAN, 2021 PP141-147 

Also available on line at https://www.bayerojet.com           147 
 

tion of vehicles at urban road intersections. Pattern anal-

ysis and applications, 8(1-2), 17-31. 

Mishra, M. D., NARULA, M. S., & SHAH, M. V. (2011). 

Color feature extraction for CBIR. International Journal 

of Engineering Science and Technology (IJEST), 3(12). 

Nieto, M., Unzueta, L., Barandiaran, J., Cortés, A., 

Otaegui, O., & Sánchez, P. (2011). Vehicle tracking and 

classification in challenging scenarios via slice sampling. 

EURASIP Journal on Advances in Signal Processing, 

2011(1), 95. 

Rabiu, H. (2013). Vehicle detection and classification for 

cluttered urban intersection. International Journal of 

Computer Science, Engineering and Applications, 3(1), 

37. 

Saber, E., Tekalp, A. M., Eschbach, R., & Knox, K. 

(1996). Automatic image annotation using adaptive color 

classification. Graphical Models and Image Processing, 

58(2), 115-126. 

Sivaraman, S., & Trivedi, M. M. (2013). Looking at ve-

hicles on the road: A survey of vision-based vehicle de-

tection, tracking, and behavior analysis. IEEE Transac-

tions on Intelligent Transportation Systems, 14(4), 1773-

1795. 

Yang, Z., & Pun-Cheng, L. S. (2017). Vehicle Detection 

in Intelligent Transportation Systems and its Applications 

under Varying Environments: A Review. Image and Vi-

sion Computing. 

https://www.bayerojet.com/

