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Abstract—This paper presents a contribution to the research 

of principles of obtaining traffic stream parameters by averaging 

vehicle occurrences in video frames. When fast computation is 

necessary for applications that analyze object movement in real 

time, it is important to use methods that have shorter 

computation timein order to eliminate all unnecessary processes 

when obtaining data which are in this case traffic parameters. 

This paper shows that methods which use tracking and analysis 

for every vehicle separately are not obligatory for the analysis of 

traffic flow unless vehicle trajectories are necessary. 
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I.  INTRODUCTION 

Insufficient usage of traffic infrastructure results in frequent 
traffic jams and crowded roads. For the most part it is 
contributed by an incised number of vehicles on the roads and 
a lower possibility of broadening and adding additional traffic 
lines. Currently most used devices for traffic detection are 
induction loops which are placed underneath the surface of 
roads. In addition to not being transportable they are very 
expensive for installation. The solution isto analyze video 
sequences where traffic road is part of the scene. Analysis and 
understanding of video sequences is an active research field. 
Many applications in this research area (video surveillance, 
optical motion capture, multimedia application) need in the 
first step to detect the moving objects in the scene. Therefore, 
the basic operation needed is the separation of the moving 
objects called foreground from the static information called the 
background. The simplest way to model the background is to 
acquire a background image which doesn‘t include any moving 
object. In some environments, a static background is not 
available since the background dynamically changes due to 
varying illumination or moving objects. So, the background 
representation model must be robust and adaptive to address 
these challenges. These methods are part of machine vision and 
as such are used in real-time applications. Their role is to 
analyze attributes of environment and to give feedback 
according to algorithm. The most common use of motion 
detection is traffic surveillance (pedestrians, cars, trucks).  
Analysis of traffic conditions using machine vision means 
acquiring parameters of traffic stream. Those parameters 
include traffic flow, density, velocity, trajectories, 
classification by type etc. 

II. BACKGROUND SUBTRACTION 

There are three conventional approaches to moving object 
detection: temporal differencing, background subtraction and 
optical flow. Temporal differencing is very adaptive to 
dynamic environments, but generally does a poor job of 
extracting all relevant feature pixels. Background subtraction 
provides the most complete feature data, but is extremely 
sensitive to dynamic scene changes due to lighting and 
extraneous events. Optical flow can be used to detect 
independently moving objects in the presence of camera 
motion; however, most optical flow computation methods are 
computationally complex, and cannot be applied to full size 
video streams in real-time without specialized hardware. The 
following steps are needed to detect object movement using 
background subtraction: modeling of background, background 
initialization, background maintenance and foreground 
subtraction. Background modeling describes the kind of model 
used to represent the background. Traditional background 
models can be put in the following categories: basic models, 
statistical models, cluster models, neural network models and 
estimation models, and novel methods are: advanced statistical 
models, mixture models, hybrid models, nonparametric 
models, fuzzy models etc. Background initialization as a result 
gives static background, and their maintenance represents 
adaptation of background model to illumination changes. In 
the case of basic models, the background is modeled using an 
average, a median or a histogram analysis over time. Once the 
model is computed, pixels of the current image are classified 
as foreground by thresholding the difference between the 
background image and the current frame, otherwise pixels are 
classified as background, as follows: 
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  – is a distance measure which is usually the absolute 

difference between the current and the background images; 

T – is a constant threshold; 
  (   )     (   ) – are respectively the current image at time 
t and the background image at time t-1.  

III. TRAFFIC PARAMETERS 

The traffic stream includes a combination of driver and 
vehicle behavior. The driver or human behavior being non-
uniform, traffic stream is also non-uniform in nature. It is 
influenced not only by the individual characteristics of both 
vehicle and human but also by the way a group of such units 
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interacts with each other. Thus a flow of traffic through a street 
of defined characteristics will vary both by location and time 
corresponding to the changes in the human behavior. As far as 
the macroscopic characteristics are concerned, they can be 
grouped as measurement of quantity or quality as described 
above, i.e. flow, density, and velocity. The microscopic 
characteristics include the measures of separation, i.e. the 
headway or separation between vehicles which can be either 
time or space headway.  

Traffic flow as a major traffic parameter is important for 
the analysis of continuous and periodically intercepted traffic 
streams. Density and velocity are only needed for continuous 
traffic streams. 

Real traffic flow represents the number of vehicles that pass 
a certain point or part of road line in the observed unit of time, 
such as year, day, hour or shorter units. If real traffic flow is 
observed in duration of one hour and marked with symbol Q 
(veh./h), then the following relation is created:  
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Q – traffic flow (veh./h); 
N – number of vehicles (veh.); 
T – observation time (h). 

Velocity is defined by the value of traveled distance in a 
unit of time, which is often described as kilometers per hour 
(km/h). Because of the fact that in a traffic stream, velocities 
of individual vehicles vary in a wide range, by velocity in the 
analysis of traffic conditions it is meant average velocity.  

Average velocity (V) represents the ratio between the 
length of the road or segment, and average time, in observed 
segment, that all vehicles spent in the observed stream. Basic 
expression for determining average velocity of stream reads as 
follows: 
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V – average velocity of stream (km/h); 
L – length of traffic segment (km); 
ti – time of i-th vehicle on segment (h); 
n – number of vehicles for which are measured times 

Using various sensors it is possible to directly obtain vehicle 
velocity so that average velocity of stream can be calculated: 
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Vi – velocity of i-th vehicle (km/h); 
n – number of measured vehicles (veh.). 

Density represents the number of vehicles on unit of length 
on a traffic line or road. Density is shown with symbol g 
(veh./h) and by usual principle where parameters are acquired 
with inductive loop, expression of density is as follows: 

  
 

 
 [
    

  
]                                            (5) 

g – density (veh./km); 
V – average velocity of stream (km/h); 
Q – traffic flow (veh./h). 

IV. TRAFFIC PARAMETERS BY AVERAGING VEHICLE 

OCCURRING IN VIDEO FRAMES 

Contribution to current methods of determining traffic 
parameters is represented with determining density of traffic 
stream without preceded measurement of average velocity. 
Using machine vision it is possible to achieve density by 
measuring the number of vehicle occurrences in a scene (in 
the desired traffic line) if the length of the line is known on the 
part where vehicles are detected. Density is obtained as ratio 
of the average number of vehicles in a video frame (in the 
desired traffic line) and length of line on the scene: 
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g – density (veh./km); 
n – number of measurements; 
L – length of the scene (km); 
Ni – number of vehicles on the scene in the desired line for i-
th measurement (veh.). 

If the density value obtained using machine vision, shown 
in (6), and the usual calculation for density of traffic stream 
(5) equate, and if flow Q is known, the average velocity of 
traffic flow can be determined without measurement of 
velocity for individual vehicles. This represents a significant 
increase in speed while computing, meaning that steps for 
tracking trajectories of individual vehicles, which use a lot of 
computation power, are not needed. This principle is 
recommended for usage in real-time video surveillance, where 
except reliability of motion detection, speed of processing 
individual video frames is the most important prerequisite for 
applicability. That way the velocity is: 
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Current traffic flow Q is calculated using the following 
expression: 
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N – number of vehicles (veh.); 

n – number of measurements; 

FPS – frequency of measurement (frames per second). 

V. IMPLEMENTATION IN SIMULINK 

For displaying and gathering traffic parameters Simulink 
model is created. 

 
Fig. 1. Simulink model. 

For movement detection basic background subtraction 

model was used because of its simplicity and speed. If the 

scenes are with dynamic illumination or bad weather 
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condition, more advanced background subtraction models are 

recommended. Steps for acquiring traffic parameters are 

shown on the following diagram: 

 

 

Fig. 2. Diagram of steps needed for acquiring parameters. 

Video input can be video footage which shows traffic 
stream or real time video feed. Video frames are then 
preprocessed (black-white conversion) after which 
background modeling follows. Initialized background is 
subtracted from current frames and on that resulting image 
thresholding is applied. Morphological operations for closing 
and opening remove unwanted detections which formed as a 
result of noise and other small objects. Segmentation of scene 
is performed so that every traffic line could be observed 
separately. For every line counting of passed vehicles is 
performed and the number of current vehicles in line on the 
observed part of road. Based on these measurements, the 
length of line on which we perform detection and frame rate of 
video input, of traffic parameters density, flow and velocity 
for every traffic line is acquired. Except for displaying results 
in program while working, those data are also saved inside 
Matlab as a time dependent function, which allows for a 
graphical representation of parameters. 

VI. RESULTS 

First, the model is tested to prove its accuracy by counting 
vehicles on two locations in the city center of Tuzla. 
Intensities of automatic threshold, in the function of time, are 
shown in the next figure. Values correspond to threshold 
intensity for movement in the current frame. Threshold for 
vehicle movement is in range of 0.15, and that value is set as 
fixed threshold value for these measurements. 

 
Fig. 3. Automatic threshold value. 

Two locations where measurements were made are shown 
in figure below. On both locations detections were performed 
on two traffic lines. On the first location background 
maintenance was necessary because of dynamic illumination. 
However, on the second location, which had not contained 
significant illumination changes, background maintenance was 
not needed. 

 
 (a)   (b)             (c) 

 
 (a)   (b)             (c) 

Fig. 4. Regional road through the city of Tuzla: (a) Detection; (b) 

Background; (c) Movement in scene. 

Results of these measurements are shown in diagrams (fig. 
5), where the red line represents the number of detected 
vehicles in the left traffic line, and the blue color represents 
the number of vehicles in the right line. 

 
Fig. 5. Number of vehicles as a function of time. 

After that, a video sequence from GRAM-RTM dataset 
was used.It shows part of the M-30 motorway, which consists 
of four traffic lines. The M-30 orbital motorway circles the 
central districts of Madrid; it is the busiest Spanish road, 
famous for its traffic jams. Frame from that video sequence is 
shown in the following figure. 

 

Fig. 6. M-30 motorway in Madrid. 

On this video it can be seen that this part of the motorway 
contains a traffic line for redirecting vehicles. Frame rate of 
the video file is 15 Hz and length of the road where detection 
was made is 32 [m]. Duration of the video is 250 [s] and the 
resulting parameter values are shown in figures below. 
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Fig. 7. Number of detected vehicles as a function of time. 

 
Fig. 8. Density of traffic stream as a function of time [veh./km]. 

 
Fig. 9. Traffic flow as a function of time [veh./h]. 

 
Fig. 10. Average velocity of vehicles as a function of time [km/h]. 

VII. CONCLUSION 

This paper presents a contribution to the research of 
principles of obtaining parameters of traffic stream by 
averaging vehicle occurrences in video frames. Results have 
shown that video duration of about two minutes can be 
sufficient for the acquisition of traffic stream parameters. This 
duration will vary with different conditions, meaning that 
parameters would be obtained even faster for traffic with more 
vehicles. With further analysis of video sequence, parameters 
change according to changes of the traffic stream in the 
observed scene. When fast computation is necessary for 
applications that analyze object movement in real time, it is 
important to use methods that have shorter computation timein 
order to eliminate all unnecessary processes when obtaining 
data which are in this case traffic parameters. This paper 
shows that methods which use tracking and analysis for every 
vehicle separately are not obligatory for the analysis of traffic 
flow unless vehicle trajectories are necessary. Results imply 
that this principle is applicable but it is also clear that further 
improvements are needed for obtaining more precise results.   
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