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Abstract. This paper describes tracking violations of vehicle tax using the 

identification of type and number plates on vehicles. The case study of this 

research is in Sulawesi Selatan (Indonesia). The Gaussian Mixture Model (GMM) 

algorithm is used to detect vehicle types and the Automatic Number Plate 

Recognition (ANPR) algorithm for detecting vehicle license numbers. The 

proposed system uses a digital camera with a camera height of 250 cm and a 

camera tilt angle of 55 degrees. The proposed system design is the stages of 

preprocessing, feature extraction, feature selection, model selection, and database. 

For the introduction of types of vehicles are classified based on predetermined 

ROI while the introduction of vehicle numbers is trained using k-Nearest Neighbor 

(KNN). The results of the proposed system accuracy are 91% for vehicle type 

detection and 70% for vehicle license number detection. 
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1   Introduction 

Vehicle Tax is a tax on the ownership and/or control of motorized vehicles for the purpose 

of building an area [1]. Based on data from Badan Pendapatan Daerah, the number of vehicles 

in arrears of taxes increased to 43% of the number of vehicles registered. The case study of this 

research is in Sulawesi Selatan (Indonesia). An increase in the number of tax arrears has an 

effect on traffic violations because they cannot show a vehicle registration certificate that has 

been approved [2]. Along with the increase in the number of vehicle tax takers, vehicle tax 

information will be needed to find out vehicles that have not paid taxes.  

The development of information and communication technology to obtain information on 

motorized vehicle traffic will increase. In India, Krishna et al. monitor vehicle traffic using 

computer vision. The system proposed has an accuracy of 98,96% for vehicle count detection 

and 98,14% for speed violation detection [3]. Deng and Yang researched monitoring of 

motorcycle violations by analyzing motorcycle traffic. The researcher used the Bisecting K-

means algorithm to classify the analysis of all road segments [4]. In Thailand, Klubsuwan et al. 

Evaluated the vehicle traffic behavior using the Mean Square Displacement (MSD) algorithm 

for red light violations and changes in traffic lanes. As a result, with the algorithm, the researcher 

gets high accuracy [5]. 

In this paper, the author will track vehicle tax violation using the type and number plate on 

motorized vehicles. Research related to the detection of vehicle types has been carried out by 
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researchers. In [6], Indrabayu et al. used the Gaussian Mixture Model (GMM) method for 

vehicle detection and Kalman Filter for object tracking. Researchers used the Region of Interest 

(ROI) from vehicle features for car and motorbike classifications. The test results get 97.22% 

accuracy for light traffic conditions, 79.63% accuracy for heavy traffic conditions and 100% 

accuracy for the consistency of average object tracking. In [7], Nilakorn et al. used the GMM 

algorithm for vehicle detection and the k-NN algorithm for vehicle classification. This research 

uses three classification categories namely small-size (bicycle, motorcycle), mid-size (car, van, 

small truck), and large-size (big truck, bus). The test results get the accuracy of the detection 

and classification of vehicles 98.53%. 

In research related to vehicle plate number detection, Achmad et al. used the Image 

Processing technique on vehicle number plate images to obtain vehicle information. Vehicle 

number plate identification uses Optical Character Recognition (OCR) and Automatic Number 

Plate Recognition (ANPR). In vehicle classification, researchers use the Learning Vector 

Quantization (LVQ) method. The results of the introduction of vehicle license numbers will be 

sent on the Jakarta Samsat website to obtain motor vehicle tax information. The test results for 

vehicle plate number detection get an accuracy of 95.32% [8]. However, this research uses still 

vehicle images for detection of plate numbers. In [9], Riza et al. found a solution for plate 

detection in moving vehicles using edge optimization techniques and contour detection of 

vehicle plates. The test results reached an accuracy of 96.67% 

Tracking vehicle tax violations in Kabupaten Gowa still use manual methods. Tax officers 

use manual checking of Vehicle Registration Certificate (VRC) to find out the VRC that is past 

due. This method causes congestion during a vehicle tax audit operation on the highway because 

of the accumulation of vehicles during the inspection process. Therefore, tax officers need to 

monitor motor vehicle tax violations to improve vehicle identification processes. Tracking 

vehicles using computer vision technology can be a solution to reduce vehicle tax violations on 

the highway. The author uses cameras to increase efficiency and reduce dependence on human 

power. 

2   Proposed Method 

In this paper, the authors propose the type and plate number identification can be used to 

detect motor vehicle tax violations. In vehicle type, Object detection and classification are two 

crucial image processing tasks because each object has its unique features. The object detection 

provides information about localization of the object while object classification offers 

information about category the object [10]. Vehicle types were identified using the Gaussian 

Mixture Model (GMM). GMM is a robust method for dynamic backgrounds [11]. The 

advantage of the GMM algorithm can show multi-mode changes in pixel values, account 

lighting changes, repetitive space movements and scene changes in real time [12], [13]. The 

Automatic Number Plate Recognition (ANPR) method is a method proposed to Identification 

Vehicle Number. In generally, ANPR  distributed into detection part and recognition part [14].  

The identification process begins with taking video data through camera. This research uses 

the video data stream as input data. The author uses a digital camera with a specification 1.3 

MegaPixel HD 960P resolution. Video data on vehicle traffic is taken directly on the side of the 

road in Kabupaten Gowa, Sulawesi Selatan, Indonesia. Height of the camera is 250 cm, and the 

camera's tilt angle is 55 degrees towards the vehicle. Fig. 1. Show scenario for taking video 

traffic of vehicle traffic. 



 

 

 

 

 

Fig. 1. Data Retrieval Scenario 

The video data stream is processed with image processing techniques with several stages, 

namely pre-processing, feature extraction, feature selection, model selection, and database. 

 

Fig. 2. General System Design 

The author identifies vehicles that violate using two parameters as data acquisition. They are 

the vehicle plate number and type of vehicle to get a sophisticated and real vehicle identity. 

Following is the process of the general design proposed.   

 

2.1   Pre-processing  

Pre-processing is the initial segmentation process used to eliminate noise, filtering, 

normalization, and release of outliers.  In the type of vehicle, the steps taken are Denoise 

process, changing the RGB color frame to grayscale and threshold. The denoise process aims to 

reduce noise in the frame by using the Median Blur and Gaussian Blur from computer vision. 

RGB to Grayscale aims to reduce the color value of the frame. Grayscale to threshold values for 

1 and 0.  This value will be used to determine the foreground and background on the frame.  
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Fig. 3. Pre-processing vehicle type : (a) original frame, (b) blurred frame, (c) grayscale, (d) 

threshold 

Pre-processing on the plate number is to change the color frame (RGB) to grayscale, 

threshold, median filtering, segmentation, and normalization. Median filtering functions to 

smooth and reduce noise or interference with the image.  Image segmentation is to cut the image 

of each character. Cropping images using Blob detection in order to determine whether a group 

of pixels is connected to each other. Image normalization is to set each character size 6 x 8 so 

that all sizes become one and the same size. 
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Fig. 4. Pre-processing plate number : (a) grayscale, (b) threshold, (c) median filtering, (d) 

image segmentation 

2.2   Feature Extraction  

The feature extraction is used to get the characteristics of the vehicle type and vehicle license 

number. Changes to pixels will be changed to 1 for black and -1 for white before inputting to 

an array variable. While the type of vehicle uses the GMM algorithm for feature extraction from 

vehicles. GMM, with the master estimating a distribution of good solutions in the search space 

as a set of the cluster, assumes that good solutions in each cluster follow a Gaussian distribution 

[15], [16]. GMM will accumulate a Gaussian distribution to estimate pixel density in each frame. 

The goal is to get a background update model. Reducing background is the first step in the 

method proposed to detect moving vehicles in each frame. GMM, it can be expressed in equation 

1  

 

{X1, ... , Xt} = {I(X0,y0,i) : 1 ≤ i ≤ t} (1) 

 

At GMM, the Gaussian K distribution is used to represent pixel history values. So, the 

equation is : 

 

P(Xi) = i,t    (Xi, µi,t, i,t) (2) 

 

Where ωi, t is the approximate of weight ith at time t, μi, t : is the average value at time t, and 

∑i, t is the ith covariance matrix at time t. 

 

Fig. 5. The following results from feature extraction in 
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Fig. 5. Feature extraction : (a) frame GMM, (b) contour GMM of vehicle, (c) contour of 

number plate 

 

2.3   Feature Selection  

  In the type of vehicle, object contours are used as features that will be selected for 

classification. The feature value of the object contour is the width, height, and area as shown in 

Fig. 5 section (b). Whereas in the vehicle plate number, the contours of each character that has 

been normalized will be carried out by the process of finding the closest weight value to the 

dataset of trained characters. 

 

2.4   Model Selection  

In this paper, the authors propose the k-Nearest Neighbor (k-NN) algorithm to classify 

characters from vehicle number plates. The k-NN algorithm is an algorithm that looks for groups 

of k objects in training data closest to objects in new data or testing data. The number of 

characters in the dataset is 36 characters. Where characters (A-Z) number 26 and characters (0-

9) number 10.  

In [17], [18], Euclidean Distance is used to determine the distance between two training and 

testing objects. Number plate characters that have been detected will be recognized by looking 

for the closest weight value from the dataset using equation (3). 

 

��� =  ��(�	  −  �	)�
��  (3) 

 

Where dxy is the distance xy, x is the dataset value and y is the target value. 

 

2.5  Database  

MySQL database is used to search vehicle identity data including vehicles that have not re-

registered the vehicle tax. Following are vehicle tax data in the database. 



 

 

 

 

 

Fig. 6. Database of Vehicle Tax 

In Fig. 6 there is a column of the number plate, vehicle type, and due date. it will be used as 

parameters for finding data on the introduction of vehicles based on the type and number of 

vehicle plates. 

3   Results and Discussion 

Detecting the type of vehicle using contours as a result of the separation of the background 

is then given a limit on ROI. For this type of vehicle (Roda 4) uses a contour with a value of 

width > 220 and a height value of > 100. Whereas the type of motorbike vehicle (Roda 2) uses 

a contour with a width < 221 and height > 100. area < 5000. Based on the equation in [6], the 

accuracy value of the type of vehicle can be seen in Table 1. 

 

Table 1.  Type Vehicle Accuracy 

Data 
Roda 2 Roda 4 

Actual System Acc Actual System Acc 

1 28 24 86% 13 12 92% 

2 31 29 94% 15 12 80% 

3 23 21 91% 9 9 100% 

4 35 32 91% 11 10 91% 

5 27 35 93% 10 9 90% 

Avg   91%   91% 

Table 1 has an average value of detection of motorbike and car type detection is 91%. 

Meanwhile, based on the equation in [8], the accuracy value of vehicle license plate testing can 

be seen in Table 2. 

 

 

 

 



 

 

 

 

Table 2.  License Plate Accuracy 

Data Actual System Acc 

1 DD1179VG DD111V 63% 

2 DD1923YV DD93Y 63% 

3 DD3121NB DD121N 63% 

4 DD1010LU DD1010 75% 

5 DD3452LJ DD345 63% 

6 DD17UZ DD17U 83% 

7 DD1852BY DD182 63% 

8 DD1335DN D133SDN 88% 

9 B1610PTK 10PKK 63% 

10 B1418NJK B141NIK 75% 

Avg   70% 

The average yield accuracy of vehicle plate recognition is 70%. The following are the results 

of the detection of vehicle tax violations. 
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(b) 

Fig. 7. Detection results of vehicle types: (a) Car detection, (b) Motor Detection 

 

   

 



 

 

 

 

Fig. 8. Detection results of plate number 

 

Fig. 9. Results of detection of violating vehicles 

On vehicle tracking that violates, the camera calibration technique is very influential to get 

vehicle type information and vehicle plate numbers. The camera height and camera tilt angle 

are parameters that can be measured for the success of vehicle data to be recognized. 

4  Conclusion 

This research uses real-time data on Highway. Retrieving data using a digital camera with a 

resolution of 1280x960 with a camera height of 250 cm and a tilt angle of the camera 55 degrees 

facing the vehicle. Vehicle type and vehicle license number are used as input parameters to 

obtain information on vehicles that violate motor vehicle tax. The vehicle type detection method 

uses the GMM algorithm and vehicle classification determination with predetermined ROI 

limits and plate detection using ANPR with the introduction of vehicle plate numbers using the 

k-NN algorithm. The test results by comparing manual observations and using the system, 

vehicle type tracking testing get an accuracy of 91% and vehicle plate number detection tests 

get 70% accuracy. 
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