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Abstract. Technology based on sensors or cameras that is related to the field of 

Intelligent Transportation Systems (ITS) can help to alleviate road congestion 

problems by collecting and evaluating real time traffic data. In this paper, we 

present an approach to monitor traffic by collecting and processing video 

streaming information for further analysis in traffic management centers. Re-

sults showed a 94 % rate of correct vehicle detections in a short period of time 

with a low rate of false detections. 

Keywords: Vehicle Counting, Computer Vision, Real-time Traffic Manage-
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1 Introduction 

Technology based on sensors or cameras that is related to the field of Intelligent 

Transportation Systems (ITS) can help to alleviate road congestion problems by col-

lecting and evaluating real time traffic data [1]. In traffic management such data is 

used, for example, to suggest alternative routes to divert traffic from a congested road, 

or to display other road-related information to drivers to maximize traffic flow and 

prevent congestions [2].  

Traffic monitoring systems supervise traffic volumes and are able to derive other 

data such as vehicle classification and weight, which is later analyzed through param-

eters such as speed, density and flow. Speed is defined by the distance traveled per 

unit of time, density is the number of vehicles per unit length of the roadway and flow 

is the number of vehicles passing a specific reference point per unit of time [3].  In 

this paper, we present an approach to traffic counting in roads that are equipped with 

surveillance cameras. Relying on the EmguCV library for image processing and .NET 

technologies, traffic information is collected, processed and sent to a server for later 

statistical analysis. 
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2 Related Work 

Current traffic counting techniques mostly rely on inductive loops, piezoelectric, in-

frared or radar sensors. Although these sensors provide macroscopic information 

about traffic, they cannot document data for single vehicles without being combined 

and synced with cameras [4, 5, 6].  

Computer vision techniques make it possible to exploit traffic cameras solely as a 

sensor for vehicle detection, counting, tracking and even for speed measurement. 

Much of road networks are already equipped with surveillance cameras. Cameras are 

non-intrusive and are used to capture data at high resolution. Like human eyes, cam-

eras capture the scene with details that other sensors like radar, ultrasonic and lasers 

cannot detect [7]. Hence road operators are very interested in exploiting this technol-

ogy as tool to derive the real-time traffic information that they need for optimal man-

agement of their networks. Data collection technology relying on cameras can have 

other interesting applications for security tracking, fleet control and electronic toll 

collection. 

Real-time image and video processing to derive traffic data has been applied in 

many works. A broad review of the literature has been compiled in [8] and cited in 

this work. For example the robust system Autoscope classified vehicles in real-time 

and provided traffic analysis reports [9, 10]. A system for counting vehicles and 

measuring their speed in complex traffic scenarios was presented in [11], and more 

recently the authors in [12] proposed a hybrid method, based on background subtrac-

tion and edge detection for vehicle detection and shadow rejection, to classify and 

count vehicles in multilane highways. A further approach was proposed through a 

video analysis method for vehicle counting in [13]. The authors relied on an adaptive 

bounding box size to detect and track vehicles according to their estimated distance 

from the camera, given the geometrical setup of the camera. A vehicle counting 

method based on blob analysis of traffic surveillance video was additionally described 

in [14] through moving object segmentation, blob analysis, and tracking.  

Relying on the techniques of this last work, we present in this paper an approach 

for vehicle counting in multiple lanes for further analysis in traffic management cen-

ters.  

 

3 Technical Implementation 

Our approach used the EmguCV vision library in C# to detect the vehicles and pro-

cess the images. As a platform for developing, running and evaluating the code, we 

used Visual Studio IDE. All the data was stored in the Microsoft SQL Server.  Vehi-

cles are counted individually in the direction that they are travelling.  

 A login system prevents public access to the records. Black and white are used in 

order to reduce the size of the stored images. The system works with a live stream in 

real time using recorded video files. We selected the JSON format for sending the 

data. 



3 

3.1 Video Stream Analysis 

A video stream was provided by either a camera or by a recorded video (e.g. by 

CCTV). After receiving the data, the image processing procedure was initiated and 

consisted of the following blocks: 

 Background building. The background was determined by comparing sequential 

series of frames through OpenCV functions to create a scene with no vehicle that 

was then used as background. 

 Comparison of two sequential frames. Comparison points for two sequenced 

frames were determined and a threshold was calculated that enabled the detection 

of a frame with distinct black/white contrast. The resulting image noise from this 

operation was then reduced by using Gaussian Blur and morphological image pro-

cessing noise filters. To reduce the computing process, we first obtained an input 

frame from the camera, recorded the following frames 2 and 3, and then compared 

both frames to create a new one that resulted from subtracting them.  

 Movement detection. Having subtracted the background from the threshold frame, 

we obtained a new frame and determined the contours or curve by joining all the 

continuous points that had the same color or intensity.  

3.2 Filtering Process  

In this section we provide a more detailed description of the process used to filter the 

frames sequentially. As stated above, we applied a threshold on the frame to differen-

tiate between black and white. We then applied two common operators to eliminate 

noise:  

 erosion that slid around by using a slider (kernel) with a size of 3 x 3 pixels and 

that delivered white if all the pixels were white, or otherwise remained black.  

 dilation that slid around, and if the entire area was not black, it was converted to 

white.  

Finally we extracted the Binary Large OBject (BLOB) that consisted of a group of 

connected pixels in a binary image, in order to differentiate between the "large" ob-

jects that were relevant to this work (i.e. vehicles) and the other "small" objects that 

were defined as noise. The image processing procedure is depicted in Fig. 1. 

3.3 Traffic Counting 

Relying on the approach in [15] to prevent counting the same vehicle more than once, 

a horizontal line was inserted in the image that had to be crossed (see Fig. 2). Vehi-

cles were detected and counted only after they cross the line. Afterwards, the data 

record was sent to the database.  
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Fig. 1. Image processing procedure for vehicle detection and counting  

3.4 Database Storage 

After obtaining the information related to the time stamp, scene image, and plate 

number, we stored it in a database and repeated all of the above mentioned steps until 

receiving the stop command. Fig. 3 illustrates the process. The administrator is re-

sponsible for granting permission to the users to access the data for analysis as well as 

for configuring new cameras or removing them from the street. Users can be employ-

ees who work with a traffic management system. 
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Fig. 2. View of the horizontal line that represents the threshold for counting the vehicles. 

 

 

 

 
 

 

Fig. 3. Traffic data acquisition and storage process 
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Fig. 4. Database architecture for the storage of the acquired data 

 

The database contained 4 tables as depicted in Fig. 4 and described below: 

─ Camera: One or several cameras that can be defined for each street or road as well 

as been configured, and removed.  

─ Vehicle: to save the pertinent collected data (e.g. detection time, location id, etc.). 

─ Status: status of street camera (enabled/disabled) 

─ User: user data such as username, password, etc.  

Licence Plate Recognition (LPR) was additionally defined as a field in the camera and 

vehicle tables for future use. 

4 System Evaluation Results 

We evaluated the implemented system by examining a received video stream provid-

ed by a video file relying on the work presented in [15] recorded under daylight con-

ditions and using a proper camera installation. The system was evaluated in 6 differ-

ent streets. Initial evaluations delivered some problems related to the duplicated de-

tection of the same vehicle in two different scenes, but this was solved in the last ver-

sion.  

Final results (see Fig. 5) showed a rate of 94 % correct vehicle detection in a short 

period of time. Results showed a very low rate of false detection. Only in case 6 was 

the camera position not optimal and the number of false detections increased. 
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Fig. 5. Results regarding the vehicle detection rate  
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