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Keywords Abstract. Traffic density can be controlled by obtaining and managing vehicle volume 

data on the road. In general, the process of acquiring data on the volume of vehicles 

passing on the highway is still carried out manually, namely by assigning several people 

to the field and counting each vehicle that passes, then dividing it by a certain time 

period. In manual calculations there are still many weaknesses such as data collection 

taking a long time, and the large amount of human resources required. Based on these 

conditions, an accurate automatic vehicle counting and detection system is needed as a 

traffic control monitor and traffic analyzer.Currently, a vehicle detection system has been 

developed using sensors, Radio Frequency Identifiers or other hardware which is 

integrated by software on a microcontroller and works automatically to detect speed and 

count the number of vehicles passing on the highway. The weakness of this detector is 

that it can only detect a narrow range, the system design and operations are complicated, 

and the operational costs are large. Based on these several things, this research was 

developed with a focus on designing a vehicle detection and counting system using the 

Kalman Filter and Gaussian Mixture Model (GMM) methods.This research intends to 

design and create a program that is able to identify the type of vehicle in a video input 

and calculate the number of vehicles detected based on their type. Users simply enter 

traffic recording videos into the Car Detection program. Later, the program will process 

the input video and produce a .txt file as output. This file contains the types of vehicles 

detected along with the number of vehicles detected based on their type. Using the 

Kalman Filter and Gaussian Mixture Model (GMM) methods, the most accurate results 

were obtained in the morning (lighting 10,000-25,000 lux) with an F1 Score of 0.91111, 

while the least accurate vehicle counts occurred in the evening (lighting 0.27 -1.0 lux) 

with an F1 Score of 0.16071 
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1. INTRODUCTION  

 Traffic density must always be monitored so that traffic infrastructure can be managed well, so 

that traffic congestion can be reduced. Vehicle volume data can be used for the process of calculating 

vehicle density, calculating vehicle frequency, predicting congestion, and can also be used as a 

reference for repairing existing roads, widening roads, adding new roads, creating or arranging new 

routes, arranging traffic signs and improving transportation infrastructure others. Traffic conditions on 

the road have begun to be monitored using CCTV. This CCTV will later produce recordings of traffic 

conditions. This recording can be used for various purposes. One of them is to detect the type of 

vehicle passing through the road.In general, the process of acquiring data on the volume of vehicles 

passing on the highway is still carried out manually, namely by assigning several people to the field 

and counting each vehicle that passes, then dividing it by a certain time period. In manual calculations 

there are still many weaknesses such as data collection taking a long time, and the large amount of 

human resources required. 

 The program will recognize vehicle objects contained in the recorded video. Recognized 

vehicle objects can be classified into several types. For example, the detected vehicle objects are 

classified into three types, namely small cars, medium cars and large cars. Later, a count can be made 

of each type of vehicle that passes the road. So you can know the number of cars based on their type 

that use that road. Currently, a vehicle detection system has been developed using sensors, Radio 

Frequency Identifiers or other hardware which is integrated by software on a microcontroller and 

works automatically to detect speed and count the number of vehicles passing on the highway. The 
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weakness of this detector is that it can only detect a narrow range, the system design and operations 

are complicated, and the operational costs are large.In the field of computer vision, a visual automatic 

vehicle detection system has been developed which is used to detect and calculate dynamically 

moving vehicles efficiently. Intelligent visual monitoring of vehicles on the road is an important 

component for developing intelligent transportation systems. Based on these several things, this 

research was developed with a focus on designing a vehicle detection and counting system using the 

Kalmanfilter and Gaussianmixture model (GMM) methods. 

 

2. METHOD  

System data design process 
In the first step, a highway survey is carried out with moderate or not too dense traffic flow to 

determine the place and time for data acquisition. The highway must be crossed by a pedestrian bridge 

or similar to place the webcam and tripod. The angle required for image acquisition is 65o - 90o from 

a flat road to get a good image angle. The camera is set in such a way that it does not move/is always 

in a stable condition so that acquisition results are good. Data acquisition was carried out at 4 different 

times of morning, afternoon, evening and night to determine the effect of lighting on processing 

results. 

After determining the place and time for acquisition, the light intensity values are then 

measured at any time (morning, afternoon, evening and night) followed by data acquisition. 

Acquisition is carried out in the form of image recording using a webcam. A webcam connected to a 

PC will save video files resulting from image acquisition. Then the image acquisition results are 

processed using the image segmentation method with the GMM (Gaussian mixture model) function to 

detect background and foreground images. The background image is identified with a still part of the 

video, while the foreground image is a moving object in the video. Creating a detecting lane and 

initializing the background image so that it is divided into 2 areas, areas A and B. 

The Kalman filter function is provided to predict frameforeground that has been given an ID by 

GMM. When one ID moves, the Kalman filter will predict the movement of the ID for each frame 

from area A to area B or vice versa, because the initialized background can be used in both directions 

(from A to B or B to A). The ID frame foreground filtered by the Kalman filter and GMM is given an 

ROI (Region of Interest) in the form of a rectangle to limit the ID frame pixels and as a tracking 

visualization. If the ID frame tracked from the initial area has passed the detecting lane, then the ID 

will be counted one by one. automatically because the ID is already in the next area. Then the system 

will update tracking the new vehicle ID to continue the iteration, so that the number of vehicles (ID) 

will be accumulated and displayed on the video. 

Framework 

System flowchart 

The system works automatically starting from image segmentation, identifying image 

background-foreground, tracking, counting, to displaying the results of image processing. The results 

displayed are in the form of data processing videos and binary videos to show the Kalman and 

Gaussian functions. 

System Performance Testing 

In performance testing, the system will read the video frame by frame. This reading is carried 

out in a previously determined video area, namely the area outlined in blue. Outside this area, vehicles 

will not be detected. This is done to reduce the risk of detection errors. Thus, vehicle object 

recognition will become more focused. So that the recognition of the type of vehicle detected will be 

more accurate. 

Then proceed with detecting vehicle objects using a classifier. The classifier will match the pre-

loaded XML file vehicle objects. If it meets the requirements, the symmetry of the detected vehicle 

object will then be checked. The detected vehicle object will be checked whether it is symmetrical 

vertically and horizontally or not. If it is symmetrical vertically and horizontally, the object is 
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considered a vehicle. The application will provide a rectangular mark on objects that are considered to 

be vehicles. 

This system obtains qualitative F1 Score results with the relationship between manual counting 

(CM) and automatic counting (CO) with truepositive (TP), falsepositive (FP) and falsenegative (FN) 

parameters. FP and Fncounting are the error values of the system. The F1 Score value ranges from 0 

to 1, the closer the value is to 1, the more accurate it is. F1 Score is the result of an accuracy test. TP 

(True positive) is a target pixel that is recognized as an object. FP (False positive) is noise that is 

detected as an object. FP (False negative) is a target that is not detected as an object. 

Validation and evaluation 

Mean squared error is used to determine the difference between the estimator and the 

estimation results. MSE is used as a benchmark for an estimator. The results obtained are always 

positive numbers. The closer to zero, the better the estimator's performance. In this research, MSE is 

used to check whether an image is a vehicle object or not. This is done with Compare the horizontal 

and vertical symmetry of an image. A vehicle image is symmetrical horizontally and vertically. 

Horizontal symmetry is used to determine the height of the vehicle object, while vertical symmetry is 

used to determine whether the objects detected on the left and right sides are symmetrical or not. This 

can make it easier to mark detected vehicle objects. If the symmetry difference is too large, the 

detected image is not a vehicle object. 

 

3. RESULTS AND DISCUSSION  

 The topics that At this stage, the steps taken in the system are explained in stages, starting from 

the feature extraction process, recognizing the type of vehicle in the video, until it becomes the output 

result. 

Object Detection Processing 

 At this stage, the steps taken in the system are explained in stages, starting from the feature 

extraction process, recognizing the type of vehicle in the video, until the output results are obtained. 

First, the XML file contains features that represent a vehicle object. Each candidate vehicle object is 

matched to the XML file. If it meets the specified criteria, the object will be considered a vehicle 

object. And the object is marked with a red rectangle.This is done to reduce the risk of detection 

errors. Thus, vehicle object recognition will become more focused. So that the recognition of the type 

of vehicle detected will be more accurate. Then proceed with detecting vehicle objects using a 

classifier. The classifier will match the pre-loaded XML file vehicle objects. If it meets the 

requirements, the symmetry of the detected vehicle object will then be checked. The detected vehicle 

object will be checked whether it is symmetrical vertically and horizontally or not. If it is symmetrical 

vertically and horizontally, the object is considered a vehicle. The application will provide a 

rectangular mark on objects that are considered to be vehicles 

Conducting Classifier Training 

 Recognition of vehicle types is done by measuring the area of the rectangle used to mark the 

vehicle object. After identifying the vehicle type, the application will record the vehicle ID and type 

in the .txt file. This is to make it easier for users to find out the type of vehicle that has been detected 

from the video entered. 

Following are the steps taken. 

 Point opencv_traincascade to positive samples (samples.vec), negative images. Write the 

results into our repository clustering directory and sample sizes (-w and -h). The variable -numNeg 

determines how many negative samples there are. The precalcValBufSize variable and the -

precalcIdxBufSize variable determine how much memory will be used during training. Please 

remember, the variable -numPos must be lower than the positive samples generated. After starting the 

training process, the process will print the parameters again and then start the training process. Each 
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stage will print some analysis. At the end of each stage, the classifier is saved to a file and the process 

can be stopped and restarted (if the device is turned off). When the process is complete we will find a 

file called classifier.xml in the classifier directory. 

Object Detection Region Implementation 

This process is carried out to determine the detection area for vehicle objects in the video. In 

this process, the vehicle object is reduced and the boundaries of the vehicle object detection area in 

the video are determined. Every time the classifier detects a vehicle object, the object will be marked 

with a maximum time limit with an initial value of 0 (located fourth in the region list, explained 

further in the next subchapter). This value will increase by 1 as long as the vehicle object enters the 

detection area. This value is also useful as a parameter to determine the speed of vehicle objects. The 

aim is to mark vehicle objects detected in the ROI area. If the distance between a vehicle object and 

another vehicle object is less than 75 pixels, the two objects are considered as one vehicle object. to 

read the input video frame-by-frame. 

The following source code also includes delineating the vehicle object detection area. So the classifier 

only detects vehicle objects in that area. 

Functionality Testing Accuracy 

 In testing, there were There are three road conditions, namely quiet, congested and very 

congested. These three conditions represent real conditions that occur on highways in general. The 

accuracy of vehicle type recognition is calculated using the equation below which is calculated in the 

following way: 

Acc=□(V_detect/V_real )+100% 

 

 Where Vdetect is the number of a type of vehicle detected and Vreal is the actual number of a 

type of vehicle. Vreal is obtained by manually calculating each type of vehicle. 

The following are the test results obtained for quiet road conditions. In this test, the author used 

4 maximum time limit values, namely 25, 30 and 35. If the time required for an object to pass through 

the detection area exceeds these values, the object will be detected as a vehicle more than once. Thus, 

vehicle counting will be inaccurate. The results obtained were calculated for accuracy using Equation 

9. The original numbers of small, medium and large vehicles were respectively 1, 3 and 1. In this test, 

there was a detection error, namely that the medium vehicle was detected as a large vehicle. This is 

caused by the wrong angle of view of the vehicle object towards the camera. So the object looks 

bigger than its actual size. For quiet road conditions, the average accuracy is 77.8% and the ideal 

maximum time limit value is 35. In this test, the author used 4 maximum time limit values, namely 

25, 30 and 35. If the time required for an object to pass through the detection area exceeds these 

values, the object will be detected as a vehicle more than once. Thus, vehicle counting will be 

inaccurate. Thus, vehicle counting will be inaccurate. 

 From the data, accuracy was calculated using Equation 9. The original number of small, 

medium, and large vehicles were respectively 10, 8, and 4. Detection accuracy for small, medium, and 

large vehicles at the maximum time limit of 25 and 30 was 30%, 25 %, and 75%. The average 

accuracy for maximum timeouts 25 and 30 was 43.3%. There is a detection error at the maximum 

time limits of 25 and 30, namely the vehicle is being detected as a large vehicle. This is because the 

vehicle object moves slower than the maximum time limit value set. And also, the distance between 

vehicle objects also influences detection accuracy. In this test, the distance between vehicles tends to 

be closer than in tests with quiet road conditions. For maximum time limits of 35 and 40, the results 

obtained for small, medium and large vehicles are 25%, 37.5% and 75% respectively. No errors were 

found in the classification of vehicle types at the maximum time limit of 35. For normal road 

conditions, the limit value The ideal maximum time is 35 with an average accuracy of 47.5%. 
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Test Results for Congested Road Conditions 

 Test results obtained for congested road conditions. In this test, the author used 4 maximum 

time limit values, namely 25, 30 and 35. If the time required for an object to pass through the 

detection area exceeds these values, the object will be detected as a vehicle more than once. Thus, 

vehicle counting will be inaccurate.From the data, accuracy calculations were carried out using 

Equation 9. The original number of small, medium, and large vehicles were respectively 9, 8, and 8. 

Detection accuracy for small, medium, and large vehicles at the maximum time limits of 25 and 30 

was 11.1% , 25%, and 37.5%. The average accuracy for maximum timeouts 25 and 30 was 24.5%. 

For a maximum time limit of 35, the detection accuracy of small, medium, and large vehicles is 

22.2%, 25%, and 37.5%, respectively.  

The average accuracy for a maximum timeout value of 35 was 28.2%.In this test, there was an 

error in classifying the type of vehicle, namely that the medium vehicle was detected as a large 

vehicle. There are also small vehicles that are detected as large vehicles. In this test, these two events 

were influenced by two factors. The first factor is the distance between vehicle objects. In this test, the 

distance between vehicles tends to be closer than in tests with quiet road conditions. Then, the second 

factor is the camera angle. In this test, there are small cars that look like big cars. This is because the 

camera highlights the object from the side (not right from the middle). As a result, objects appear 

larger than their actual size. For busy road conditions, the ideal maximum time limit value is 35 with 

an average accuracy of 28.2%. 

 

4. CONCLUSION  

From the results of observations during the design, implementation and software testing 

process, the following conclusions can be drawn, vehicle types can be classified based on the 

rectangular area of the vehicle object marker. The optimal maximum time limit for each vehicle 

object in passing through the detection area is 35 milliseconds . Thus reducing the risk of the same 

vehicle object being detected more than once. The average level of accuracy for three different road 

conditions (quiet, normal, congested) is 77.8%, 47.5%, and 28.2%. These suggestions are based on 

the design results, The implementation and testing that has been carried out enriches the features of 

other vehicle types in the XML file which is used as a template for detecting vehicle objects. So the 

program can still recognize new types of vehicle objects in the future. Adding a camera from another 

point of view and another algorithm. So that detection accuracy can increase. Added a feature to 

connect the program with the camera. So the program is able to detect vehicle types in real-time. 
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