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Abstract 
 

Estimating road traffic due to the increasing vehicle densities help to improve 

the performance of traffic management centers and applications. The density 

estimation process is aided through digital image processing in these 
applications. In this manuscript, pattern matching based vehicle density 

estimation (PMVDE) technique is introduced to improve the accuracy of 

detection by reducing the error rate. The process analyses the region of 
interest of an image extracted from the video input and identifies the vehicles 

based on feature extraction and template matching process. Both the process 

is performed in the region of interest extracted image to reduce the errors in 

density detection. This technique achieves less false positives and error rate 
whereas it leverages the accuracy and true positives compared to the other 

methods. 
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1 Introduction 

Road traffic density estimation defines the vehicle concentration in the 
road and measures the free-flow of traffic. It is used to obtain necessary data 

from the Intelligent Transportation Systems (ITS) for planning the traffic, 

routing the vehicle, regulates traffic, arranging network traffic, routing, and 
broadcasting the perusing vehicle [1,2]. The traffic density is used to 

calculate the initial stage of notice, signaling the system, scheduling on 

secure applications. By using this density estimation method the driver 
selects the appropriate route to avoid the traffic. The traffic is analyzed by the 

camera in many cases due to weather conditions the vehicle is not correctly 

recognized [2, 3].  

The density of the road along with the vehicles is obtained from the 
video. Traffic flow detection is a more important method to avoid accidents 

and delays [4]. Digital image processing is used to acquire the video and 

divide it by several frames. The road image is captured and detects the 
vehicle's speed [5]. The vehicle is counted as multiple vehicle occlusions 

from the traffic image and introduced a methodology and detects the 

shadowed region vehicles [6]. A vehicle is identified by the headlights the 

lighting is distracted for further processing. The pattern matching is used to 
recognize the vehicle from the history of data. The present pattern is 

compared with the previous pattern to find the density estimation in the road. 

The digital image processing is used to extract the ROI of the vehicle. The 
ROI is extracted and feature matching is done to identify the vehicle [4, 7]. 

 

2 Related Works 
 

Chung and Sohn [8] proposed traffic density estimation based on an 
image analysed throughdeep convolutional neural network (CNN).  

Supervised learning is used to extract the feature and process it by using the 

CNN. Automated vehicle detection and counting system (AVDCS) 

[9]focuses on computing high-pixelated iamges using regression neural 
learning. This work aims to use shallow learning for low precision and recall 

rates. Biswas, et al [10], developed an automatic traffic density estimation 

using single-shot detection (SSD) and MobileNet. It is used to process 
different shapes and sizes of the objects. The average traffic detection is done 

in this paper. Deep learning for predicting vehicle concentration is addressed 

by Formosa, et al [12]. This paper used in highly disaggregated data by using 
a vehicle sensor. The data are gathered from the UK MI model. The 

Regional-CNN is used to analyze traffic conflicts. 

Image global texture feature is developed for traffic density recognition 

is implemented by Hu, et al [13]. Histogram of a multi-scale block local 
binary pattern (HMBLBP) is proposed that analyzes the local features and 

decreases the computational cost. Wang, et al [14], introduced the analysis 
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and monitoring of the traffic on the neural network. A multi-target tracking 
algorithm is used to process the system in detailed traffic. The tracking is 

done on an effective way to identify the traffic. 

Bourouis, et al [15] proposed a framework for sensing the traffic by 
using the Bayesian network in 3D models of car. The scaled Dirichlet 

mixture is used in the multiple real-time applications which are possible to 

sense the traffic. The learning is used to decreases the over and underfitting.  
 

3 Proposed Method 
 
3.1 Pattern Matching for Vehicle Density Estimation (PMVDE) 

 
Road density and traffic analysis are done using image processing 

techniques; the image is obtained from the video. From the video, the image 

is extracted as the frames that have the road images as the input. In this 
paper, the pattern matching is used to recognize the vehicle on the road. It is 

analyzed by checking with the history of the image that is stored in the 

database. The video is positioned in every signal and every specific kilometer 

to analyze the traffic.  
The objective of this paper is to monitor the traffic density and vehicle 

estimation; it addresses two metrics such as to improve the accuracy and 

decreases the error. For performing a density analysis, four components listed 
below are required. i) Extracting ROI, ii) Monitoring Speed, iii) Vehicle 

Identification and iv) Density Estimation 

In Figure 1, the process of the proposed technique is illustrated. By 

considering these four the pattern matching approach is used to match the 
current and forgoing pattern of road and vehicle to obtain the result. From the 

video, for every required second the frames are split and the features are 

extracted in as ROI, the features taken as local and global. The global 
features are taken as the whole road into consideration, whereas, the local 

features include patches of images. 

Extraction of (Region of Interest) ROI: The initial step is the extraction of 
ROI, in this vehicle in the road are the interest, the region is the density. The 

ROI is used to select the necessary region in the road density by eliminating 

unnecessary information such as tree, lane, etc. It is formulated using 

equation (1) 

 r = [
vf+o

od
] ∗ nf                   (1) 

In equation (1) the ROI is calculated for road density where r is the ROI, 

v is represented as a vehicle,f features of the image, vfdenoted as vehicle 

features. The road image is denoted as o , d refers to density, odis defined as 

the density of road, and nfis a necessary feature of the roadside vehicle. 

Monitoring Speed: The speed is based on frame selection from video; 

consider the current frame and reference frame. In these frames, the current 
frame is having the vehicle in one patch either it is a right corner or left 
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corner. Take the reference frame having the vehicle which makes the 

difference from the current frame. The two frames are based on the time of 
splitting the frames the speed is estimated by using equation (2). 

 sv = ca − ea ∗ ∑ nf
r=1
o=0 +

pv

od
                 (2) 

 

 
 

Figure 1. Process of PMVDE 

By using equation (1), the ROI features are extracted, from the extracted 

features the speed is estimated using equation (2). This is denoted as speed, 

svis the speed of the vehicle. Wherec  is current and a denotes the frame, 

carepresents the current frame. e is the reference,ea refers to the reference 

frame. p is the position,pv indicates the vehicle position. This equation is 

used for calculating the speed of the vehicle that is located within the 

extracted frame. The current and reference frame are subtracted to obtain the 
co-ordinate points of the vehicle within the extracted frame.  

Vehicle Identification: The vehicle identification is done based on the pixels, 

frames of the input image. In the density of the road, a single-vehicle is 
identified. It is done through tracking the vehicle using its speed and 

extraction of ROI the following equation (3) is used to evaluate the vehicle. 

vi = nf + (ca − ea) ∗ vf                           (3) 

By using equation (2) the velocity of the vehicle is evaluated, using 

equation (3). Where i is denoted as identification, viis denoted as vehicle 

identification. In this way, the vehicle is identified from the road and it is 

further processed for analyzing the traffic on the road which is done on 
density estimation. 

Density Estimation: The density estimation is considered by taking the road 

traffic control and how many vehicles are there on the road. The density is 

classified into three types they are as follows. By using this density of traffic, 
it is monitored by deriving the following equation (4). Based on the density 

estimation the traffic is regulated and the vehicle is been identified. The 

estimation consists of tracking the vehicles and routing the vehicle to the 
destination. i) Normal, ii) Medium and iii) Heavy 
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d = ∏
pv

od

vi
o + ∑ nf

r=1
o=0 + [pv + (ca − ea)]                          (4) 

In equation (3), the vehicle is identified by using its pixel in the input 

frame after the vehicle is identified the density is used to calculate for traffic 

analysis. The density is observed in the above equation (4), by considering its 
lane of the road using the previous information of data in the database. When 

they are some vehicle is found in the road means it is having the normal, 

when there are having some vehicle indicates the medium. If multiple 
vehicles are identified, then the traffic density is regarded as heavy. 

 

3.2 Pattern Matching-Road Density estimation 
The pattern matching identifies the precise co-ordinates of the vehicle in 

the frame that is compared with the input data. In this work, the pattern 

matching approach is used to evaluate the road density estimation. The aim of 

this is to find the distance between the vehicles that are patterns of two input 
images. Figure 2 illustrates the process of density estimation using pattern 

matching. 

 The distance is analyzed by Euclidean distance among the patterns of 

images if they are two vehicles are considered as v1and v2. Here, v1is 

represented as a sign of traffic and v2is the vehicle to find the distance 

from v1. Two types of pattern matching are existed such as. 

 Template Matching and Feature Matching 

 

 
 

Figure 2. Density Estimation using Pattern Matching 
 

 In this work, feature matching is done by taking both the local and global 
features. The local features include the input image patches that are the 

block-based segmentation. From the block, the single part of the vehicle is 

extracted and analyzed. The global features are considering the whole road. 
These features are formulated using the following equation (5). 

 mf = vf + pv ∗ ∏ {
lf + gf = t
lf + gf ≠ t

v
h                             (5) 

 By using equation (4), the density estimation is calculated from the 

position of the vehicle; the position is identified by using the frame-based 

selection technique. From this, the pattern is matched by using equation (5) 

mf is denoted as the evolution of features and t is the previously observed 

pattern. The local and global features are represented as lf and gf and the 

previous pattern. The first condition is,lf + gf = t satisfies when the features 
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are matched with the patterns. The second condition lf + gf ≠ t denotes the 

features are not matched. 
 This is used to identify the matching process by calculating the Euclidean 

distance that is equated using the following equation (6). In this traffic 

density estimation, the rectangular road segment is considered. The 

rectangular road is having the four vertexes in all the four vertices they are 
having the vehicle.The aim is to find the distance from the first vertices to the 

second and so on. It gives a better calculation of vertices using this strategy 

and controls the traffic. 

u = √(xv1 − a0v2)2 − (yv1 − b0v2)2                  (6) 

 From equation (5), the features of the vehicle are evaluated in that local 

and global features are considered. By considering this equation (6) is used 
for finding the Euclidean distance of the vehicle in a rectangular vertices 

road. u is denoted as Euclidean distance, x and y is denoted as the 

coordination of the vertices. Variablesa0 and b0 are the coordinates of the 

pattern, the distance of the coordinates are tracked for the two 

vehiclesv1and v2. It is processed for v0several vehicles. After the Euclidean 

distance is found the pattern matching of features is calculated whether it is 

max or min which is evaluated in equation (7). 

  jv = (x1, ao min) + (y1 , b0 max) + (x2, ao min) + (y2, b0 max) +
(x3 , ao min)  + (y3, b0 max) + (x4, ao min) + (y4 , b0 max)                      (7) 

 Using equation (6) the distance is computed from the distance the 

rectangular vertices are formulated using equation (7). In this equation (7), 
the error is decreased by obtaining the coordinates that are min means they 

are having a minimum error. j represents the Pattern matching process for 

vehicles.(x1, y1)are denoted as the first coordinates, (x2, y2) represents the 

second coordinates. (x3, y3), refers to the third coordinates of the vertices and 
(x4 , y4), indicates the fourth coordinates. 

 From equation (7) the min and max represent the minimum distance and 

maximum distance. If they are denoted as the minimum means the vehicle 
speed is calculated by using equation (2). Instead, the speed is analyzed and 

then it checks for the traffic changes in the road, they are obtained by 

calculating the pattern matching approach for this method. In other 
conditions, if there is no traffic means the pattern is not matched.  

 The matching process is done by considering its features when the 

patches of the images are having two vehicles at the same time means the 

pattern matching process is evaluated. The matching is done by having its 
history of pattern. The features denote the pattern classification in the road. If 

they are apart from the coordinates(x4 , y4) and (a0, b0), thenthey are 

considered as the second chance of traffic categorizing them under heavy. 
 The density is used to find the heavy traffic by observing the coordinates 

of the vertices and the patterns. The heavy, medium, and normal traffic 

density estimation and the accuracy are improved by formulating equation (8) 
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as follows. It is used to denote the features of the vehicle in the coordinates 
and calculating its speed for the avoidance of traffic in the density of the 

road. 

 j = {

(lf + gf)v + jv < t
(lf + gf)v + jv > t
(lf + gf)v + jv = t

                 (8) 

 The patterns for the vehicle are identified by using equation (7) after this 

the traffic is monitored using the pattern matching process by equating 

equation (8). In the first case, (lf + gf)v + jv < t is used when there are 
features of the vehicles, and coordinates of the patterns are having a lesser 

matching result which means they are medium traffic. The second case (lf +
gf)v + jv > t denotes the patterns are matched in this case the accuracy is 

improved in pattern matching process and density is heavy. The third case 

(lf + gf)v + jv = tis used when there is normal pattern matching is found.  

  

4 Performance Analysis 
 
 The performance analysis of the proposed PMVDE is analyzed using 
experiments carried out using MATLAB. In this analysis, random road traffic 

images are fetched from the internet for which a maximum of 130ROI is 

detected. The size of current and reference frames is 1024x768 and 800x600 

respectively. The number of inputs fetched is 8 and the process is recurrent 
for 40 iterate each. In this analysis, the metrics accuracy, error rate, true and 

false positives are compared with the existing AVDCS [9] and HMBLBP 

[13] methods.  
 

4.1 Accuracy 

 
Figure 3. Accuracy 

  The accuracy of detecting the vehicle densities in the proposed PMVDE 

is high by analyzing the current and reference frames of the input, diversely. 
The correlation between the frames from the ROI helps to classify different 

features to detect and classify individual vehicles. Using the physical 

property of distance and velocity as extracted from the frames, the detection 
is augmented in the proposed method. Patterns are inter and intraframe 
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matching to improve the rate of detection to improve accuracy. [Refer to 

Figure 3]. 
 

4.2 Error Rate 

  
Figure 4 Error Rate 

 

 The pre-classification of frames helps to distinguish overlapping and 

non-overlapping ROI from which precise detection is facilitated. The number 
of error causing instances are identified from both local and global features 

instantaneously. Depending on the matching features, the true positives are 

differentiating from the sum of true and false positives, reducing the error 

rate of the proposed method [Refer Figure 4]. 
 

Table 1. Comparative Analysis of False and True Positive Rate 
 

ROE 

Extracted 

False Positive Rate True Positive Rate 

AVDCS HMBLEBP PMVDE AVDCS HMBLEBP PMVDE 

10 0.266 0.237 0.224 0.745 0.784 0.853 

20 0.317 0.253 0.161 0.79 0.796 0.834 

30 0.334 0.256 0.222 0.77 0.812 0.841 

40 0.301 0.312 0.159 0.761 0.792 0.83 

50 0.366 0.278 0.224 0.765 0.807 0.84 

60 0.397 0.2 0.165 0.783 0.804 0.811 

70 0.338 0.265 0.249 0.788 0.794 0.846 

80 0.267 0.324 0.176 0.748 0.818 0.826 

90 0.303 0.249 0.182 0.754 0.81 0.835 

100 0.268 0.241 0.24 0.769 0.827 0.835 

110 0.405 0.211 0.2 0.784 0.791 0.824 

120 0.27 0.203 0.161 0.751 0.784 0.842 

130 0.429 0.218 0.179 0.75 0.798 0.816 
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Metrics AVDCS HMBLEBP PMVDE 

Accuracy (%) 87.27 88.611 94.458 

Error Rate 0.08 0.055 0.038 

 
5 Conclusion 
 
 In this manuscript pattern matching for the vehicle density estimation is 

proposed to improve the performance of traffic monitoring systems. In this 

density estimation process, the region of interest from the input frame is 

extracted to analyze the matching templates and features. Initially, the 
vehicles are identified from the region of interest and then based on physical 

features and co-ordinate axis using current and reference frames. These 

processes are unified to identify the vehicle count by maximizing the true 
positives and reducing the false negatives to achieve better accuracy of 

density estimation and reducing the error rate.  

 
References 
 

[1] A. A. Husain, T. Maity, and R. K. Yadav, “Vehicle detection in 

intelligent transport system under a hazy environment: a survey,” IET 

Image Processing, vol. 14, no. 1, pp. 1–10, Oct. 2020. 
[2] D. L. Guidoni, G. Maia, F. S.Souza, L. A.Villas and A. A. Loureiro, 

“Vehicular Traffic Management Based on Traffic Engineering for 

Vehicular Ad Hoc Networks,” IEEE Access, vol. 8, pp. 45167-45183, 

2020. 
[3] B.C. Kavitha, R. Vallikannu, K. Sakthidasan Sankaran, “Delay-aware 

concurrent data management method for IoT collaborative mobile edge 

computing environment”, Microprocessors and Microsystems, vol.74, 
103021, 2020.  

[4] H.-H. Chang and S.-H.Cheon, “The potential use of big vehicle GPS data 

for estimations of annual average daily traffic for unmeasured road 

segments,” Transportation, vol. 46, no. 3, pp. 1011–1032, Jan. 2018. 
[5] H. Zheng, W. Chang, and J. Wu, “Traffic flow monitoring systems in 

smart cities: Coverage and distinguishability among vehicles,” Journal of 

Parallel and Distributed Computing, vol. 127, pp. 224–237, 2019. 
[6] K. Sakthidasan alias Sankaran & V. Nagarajan, “Noise Removal Through 

the Exploration of Subjective and Apparent Denoised Patches Using 

Discrete Wavelet Transform”, IETE Journal of Research, 2019. 
DOI:10.1080/03772063.2019.1569483. 

[7] M. Hassaballah, M. A. Kenk, and I. M. El-Henawy, “Local binary 

pattern-based on-road vehicle detection in urban traffic scene,” Pattern 

Analysis and Applications, 2020. 
[8] J. Chung and K. Sohn, “Image-Based Learning to Measure Traffic 

Density Using a Deep Convolutional Neural Network,” IEEE 

 
Table 2. Comparative Analysis Result Tabulation 



 
 

 

 

 
 

 

 
 

 

 
9821  S.Srinivasann et. al. 

 

 

 

Transactions on Intelligent Transportation Systems, vol. 19, no. 5, pp. 

1670–1675, 2018. 
[9] H. Tayara, K. G. Soo, and K. T. Chong, “Vehicle Detection and Counting 

in High-Resolution Aerial Images Using Convolutional Regression 

Neural Network,” IEEE Access, vol. 6, pp. 2220–2230, 2018. 

[10] D. Biswas, H. Su, C. Wang, A. Stevanovic, and W. Wang, “An automatic 
traffic density estimation using Single Shot Detection (SSD) and 

MobileNet-SSD,” Physics and Chemistry of the Earth, Parts A/B/C, vol. 

110, pp. 176–184, 2019. 
[11] F. Harrou, A. Zeroual and Y.Sun, “Traffic congestion monitoring using 

an improved kNN strategy,” Measurement, vol. 156, 107534, 2020. 

[12] N. Formosa, M. Quddus, S. Ison, M. Abdel-Aty, and J. Yuan, “Predicting 

real-time traffic conflicts using deep learning,” Accident Analysis & 
Prevention, vol. 136, p. 105429, 2020. 

[13] H.Hu, Z.Gao, Y. Sheng, C. Zhang and R.Zheng, “Traffic density 

recognition based on image global texture feature,” International Journal 
of Intelligent Transportation Systems Research, vol. 17, no. 3, pp. 171-

180,2019. 

[14] Y. Wang, Q. Wang, D. Suo, and T. Wang, “Intelligent traffic monitoring 
and traffic diagnosis analysis based on neural network algorithm,” Neural 

Computing and Applications, 2020. 

[15] S. Bourouis, Y. Laalaoui, and N. Bouguila, “Bayesian frameworks for 

traffic scenes monitoring via view-based 3D cars models recognition,” 
Multimedia Tools and Applications, vol. 78, no. 13, pp. 18813–18833, 

2019. 

 
 
Biographies 
 

 
Mr.S.Srinivasan, is working as Assistant Porfessor in Department of 

Electronics and Communication Engineering, Hindustan Institute of Technology 

and Science, Chennai, India. His research interests include  Power Electronics, 

Electrical Machine Drives,Embedded Systems. 



 
 

 

 

 
 

 

 
 

Pattern Matching based Vehicle Density Estimation Technique for Traffic Monitoring 

Systems in Sustainable Smart Cities  9822 

 

 

 

 

Mr.A.Arikesh, is working as Assistant Porfessor in Department of Electronics 

and Communication Engineering, Hindustan Institute of Technology and 

Science, Chennai, India. His research interests include Power Electronics Drives. 

 

 
Mr.E. Terence received his bachelor degree in Electrical and Electronics 

Engineering from University of Madras in the year of 1996.He has received his 

Master degree in the year of 2005 from Anna University. Currently he is 

pursuing his Ph.D in Hindustan Institute of Technology and Science .His areas of 

interest in research are Energy Management in Micro grid, Demand Side 

Management and Demand Response, Sizing and Optimization.  

 

 
Dr. Krishnan Sakthidasan is an Associate Professor in the Department of 

Electronics and Communication Engineering at Hindustan Institute of 

Technology and Science, India. He received his B.E. degree from Anna 

University in 2005, M.Tech. Degree from SRM University in 2007 and Ph.D. 

Degree from Anna University in 2016. He is a Senior Member of IEEE and 

member in various professional bodies. He is an active reviewer in Elsevier, 

Springer, Taylor & Francis Journals and editorial board member in various 

international Journals. His research interests include Image Processing, Wireless 

Networks, Cloud Computing and Antenna Design.  

 


	1,2,3Assistant Professor, Department of Electronics and Communication Engineering, Hindustan Institute of Technology and Science, Chennai, India.
	E-mail:1ssrinivasan@hindustanuniv.ac.in, 2aarikesh@hindustanuniv.ac.in,
	3eterence@hindustanuniv.c.in
	4Associate Professor, Department of Electronics and Communication Engineering, Hindustan Institute of Technology and Science, Chennai, India.
	E-mail:sakthidasan.sankaran@gmail.com
	1 Introduction
	2 Related Works
	3 Proposed Method
	3.1 Pattern Matching for Vehicle Density Estimation (PMVDE)
	3.2 Pattern Matching-Road Density estimation
	4 Performance Analysis
	4.1 Accuracy
	4.2 Error Rate
	5 Conclusion



