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Abstract
In view of the current problems of low detection accuracy, poor stability and slow detection speed of intelligent vehicle 
violation detection systems, this article will use human–computer interaction and computer vision technology to solve the 
existing problems. First, the picture data required for the experiment is collected through the Bit Vehicle model dataset, and 
computer vision technology is used for preprocessing. Then, use Kalman filtering to track and study the vehicle to help better 
predict the trajectory of the vehicle in the area that needs to be detected; finally, use human–computer interaction technology 
to build the interactive interface of the system and improve the operability of the system. The violation detection system 
based on computer vision technology has an accuracy of more than 96.86% for the detection of the eight types of violations 
extracted, and the average detection is 98%. Through computer vision technology, the system can accurately detect and 
identify vehicle violations in real time, effectively improving the efficiency and safety of traffic management. In addition, the 
system also pays special attention to the design of human–computer interaction, provides an intuitive and easy-to-use user 
interface, and enables traffic managers to easily monitor and manage traffic conditions. This innovative intelligent vehicle 
violation detection system is expected to help the development of traffic management technology in the future.

Keywords Vehicle violation detection system · Computer vision · Human–computer interaction · Kalman filtering · Mean 
filtering

1 Introduction

In recent years, people’s lifestyles have been continuously 
improving, and cars have become more family oriented. 
More and more people are using private cars for transporta-
tion, and cars have become the most important means of 
transportation. With the increase in the number of cars, 
there have been some violations. The situation of some 
people stealing other car license plates and forging fake 
license plates is becoming increasingly severe in order to 
avoid police investigation after traffic accidents. Traditional 
methods and systems for detecting violations not only con-
sume police force and money, but also are very inefficient. 
At present, most traffic violation detections are based on 
manual methods, and there are obvious shortcomings in the 
accuracy and speed of vehicle violation detection systems 

[1]. Therefore, this article would use human–computer inter-
action and computer vision technology to study the violation 
detection system. Computer vision technology can timely 
and accurately analyze and understand the collected image 
data, quickly detect images, and timely discover violation 
information. Through human–computer interaction tech-
nology, multiple information fusion of intelligent vehicle 
violation detection systems can be achieved. This helps to 
improve the accuracy, reliability, and fault tolerance of the 
detection system, reducing problems caused by single sensor 
failure or misjudgment.

Vehicle violation is one of the main causes of traffic acci-
dents, which poses a serious threat to the safety of people’s 
lives and property. Through human–computer interaction 
and computer vision, the intelligent vehicle violation detec-
tion system can detect and correct violations in time, reduce 
the probability of traffic accidents, and improve the safety of 
road traffic. At the same time, violations will lead to traffic 
congestion and delays, affecting people’s travel efficiency 
and comfort. Through the intelligent vehicle violation detec-
tion system, it can reduce the occurrence of violations, 

 * Yang Ren 
 renyangoffical@163.com

1 MSCS, City University of Seattle, Seattle, 
Washington 98102, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s44196-024-00427-6&domain=pdf


 International Journal of Computational Intelligence Systems           (2024) 17:40    40  Page 2 of 14

improve the smooth degree of traffic flow, and alleviate the 
urban traffic congestion problem.

Nowadays, the main means of transportation for peo-
ple to travel is by car. Cars not only bring many conveni-
ences to people’s lives, but also increase the probability of 
traffic accidents and violations. Vehicle detection systems 
can effectively solve this problem [2, 3], for which many 
researchers have conducted research. Maha Vishnu, V. C. 
proposed a mechanism for detecting violations using traffic 
videos, detecting accidents through dynamic traffic signal 
control, and classifying vehicles using flow gradient fea-
ture histograms [4]. Zhang, Rusheng proposed a new rein-
forcement learning algorithm for detecting intelligent traffic 
signal control systems, and studied the performance of the 
system under different traffic flows and road network types. 
Although the system can effectively reduce the average wait-
ing time of vehicles at intersections, the accuracy of viola-
tion checks needs to be improved [5]. Liu Shuo used the 
YOLOv3 algorithm to detect vehicles in traffic intersection 
images, improving the model’s detection ability for small 
target objects such as license plates and faces [6]. Alagar-
samy, Saravanan designed a system to detect and analyze 
driver violations of traffic rules. The proposed system tracks 
driver activities and stores violations in a database [7]. Bhat, 
Akhilalakshmi T believed that the machine has completed all 
tasks including automatic vehicle detection and violations. 
Traffic records would be collected through closed circuit 
television recordings and then detected by the system for 
violations [8]. Charran, R. Shree proposed a system to auto-
matically detect car violations and ultimately process tickets 
by capturing violations and corresponding vehicle numbers 
in a database [9]. Ozkul, Mukremin proposed a traffic vio-
lation detection and reporting system. It does not rely on 
expensive infrastructure or the presence of law enforcement 
personnel. It determines whether these changes comply 
with the traffic rules encoded in the system by observing 
the changes in nearby vehicles [10]. In summary, research 
on vehicle violation detection has achieved some results, but 
there are still shortcomings in terms of accuracy in violation 
detection. Therefore, this article would use human–computer 

interaction and computer vision technology to study it, in 
order to improve the accuracy of detection.

In the literature review section, the comparison table of 
this literature and other literature is shown in Table 1.

Computer vision typically requires extracting and recon-
structing three-dimensional data from two-dimensional 
data, so that computers can understand the environment and 
respond or react. It uses computers to simulate lively objects 
for preprocessing, view and analyze the characteristics of 
the target to determine its situation, thereby achieving target 
detection and planning functions [11, 12]. Yang Zi believed 
that computer vision technology has been able to detect 
vehicles on the road. For this purpose, research was con-
ducted on vehicle detection in different environments, and it 
was found that due to the variability of road driving environ-
ment, computer vision technology has effectively improved 
the accuracy of monitoring automobile illegal behavior [13]. 
Kumar, Aman proposed an intelligent traffic violation detec-
tion system. It helped detect violations in different scenarios 
and provide corresponding alerts based on the corresponding 
types of violations [14]. Mahmud Yusuf Tanrikulu Ensur-
ing sound arrangements when organizing and promoting 
vaccines for people with dementia and establishing support 
mechanisms where public health measures designed to con-
trol the spread of the virus have profound and often tragic 
consequences for people with dementia, their families and 
caregivers [15]. Tutsoy, Onder established constrained mul-
tidimensional mathematics and meta-heuristic algorithms 
based on graph theory to learn the unknown parameters 
of large-scale epidemiological model, with the specified 
parameters and the coupling parameters of the optimization 
problem. The results obtained under equal conditions show 
that the mathematical optimization algorithm CM-RLS is 
better than the MA algorithm [16]. Arabi, Saeed provided a 
practical and comprehensive engineering vehicle detection 
solution based on deep learning and computer vision [17]. 
Overall, using computer vision technology can effectively 
improve the accuracy of detection.

Among the accidents that occur every year, the propor-
tion of accidents caused by violations is very high, which 

Table 1  Comparison of the literature contents

References The difference between the research in this article and other references

Literature [3] The literature [3] mainly uses video to detect violations. Compared with the research in this article, it lacks interactivity and has 
low detection accuracy

Literature [4] The literature [4] is mainly an enhanced learning algorithm that is higher than signal detection. Although it can perform fault 
detection, it still has low accuracy and poor interactivity

Literature [5] The literature [5] shows that the YOLOv3 algorithm is used to detect the target of the vehicle. Although the detection accuracy 
has been improved, the overall interactivity is not as good as this article

Literature [6] The literature [6] is to detect driver violations and store data, but the cost is relatively high compared with this article
Literature [8] The literature [8] shows that mainly through the traffic violation detection and reporting system, although the cost has been 

reduced, the overall detection accuracy is not high
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may directly cause financial losses of billions of yuan. In 
order to strengthen the detection of cars and avoid traffic 
accidents, in addition to strengthening legal education for 
drivers, a system for detecting illegal vehicles is also needed 
to help better correct driver violations. This article would 
use human–computer interaction and computer vision tech-
nology to construct an intelligent vehicle violation detection 
system. It first utilizes self-photography and public data-
bases to collect the image dataset required for the experi-
ment. Then, this article uses computer vision technology to 
preprocess a portion of the data images. It mainly involves 
noise filtering and image enhancement processing, followed 
by the use of Kalman filtering for vehicle tracking research. 
Finally, based on human–computer interaction technology 
for system interface design, this article effectively improves 
the performance of the violation detection system through 
the above steps. This also improves the accuracy and speed 
of the system’s detection.

The novelty of the intelligent vehicle violation detection 
system based on human–computer interaction and computer 
vision is mainly reflected in the following aspects: 1. Com-
prehensive use of human–computer interaction and com-
puter vision technology: the system combines human–com-
puter interaction and computer vision two technologies, 
so that the system can not only automatically detect and 
identify illegal behaviors, but also provide intuitive monitor-
ing interface for traffic managers through human–computer 
interaction, so as to realize efficient human–machine coop-
eration. 2. Focus on user-friendly design: compared with 
the traditional monitoring system, the system pays more 
attention to user-friendly design. Through the human–com-
puter interaction technology, users can intuitively view the 
information of the illegal vehicles, and respond quickly. This 
greatly improves the efficiency and convenience of traffic 
management. 3. Dynamic adjustment and adaptive learning 
ability: the system has the ability of dynamic adjustment and 
adaptive learning, and can automatically adjust the working 
mode according to different environments and conditions to 
ensure the accuracy of detection. In addition, the system can 
also improve its ability to detect violations through continu-
ous learning and training.

2  Vehicle Violation Image Data Based 
on Computer Vision‑Related Technology

Computer vision is a general term that involves any visual 
content computation [18, 19]. It learns how to help com-
puters gain a higher level of understanding from digital 
images or videos, and extract valuable information from 
the real world for decision-making purposes. In order to 
better detect violations of intelligent vehicles and improve 
the accuracy and real-time performance of violations 

detection, it is necessary to process the front image before 
detecting the image.

2.1  Data Collection

Data reliability mainly refers to the accuracy and com-
pleteness of the data. For the vehicle violation detection 
system, the accuracy of the data is very important, because 
the wrong detection results may lead to misjudgment or 
missed judgment. During data acquisition, there may be 
outliers, duplicate data, or incomplete data, requiring data 
cleaning to remove these invalid or low-quality data. For 
the data in the training set, annotation is required, that 
is, each sample is classified or marked by professionals. 
The annotation process needs to follow uniform rules and 
standards to ensure the accuracy and consistency of the 
data.

There are two sources of data for this article. One is 
online data, and the other is how to divide the size of photos 
taken with a mobile phone into four parts. The datasets used 
are the BIT-Vehicle dataset from Beijing University of Tech-
nology [20] and the Apollo Scape dataset [21]. The paper 
extracted 49,223 images of size 1920 × 1080 or 1600 × 1200 
from them, which were taken from cameras at intersections. 
Part of the image data listed in this article is shown in Fig. 1.

As shown in Fig. 1, this article randomly selected a por-
tion of data from the dataset studied, each with different 
characteristics. Some of the vehicles in the pictures are ille-
gal, while others are not. Based on these datasets, all the 
datasets in this study were photos taken by mobile phones 
and other public databases, with a total of 49,521 images and 
56,372 annotation boxes.

2.2  Image Preprocessing

2.2.1  Image Denoising

During the recording and transmission process of automo-
tive digital images, they are affected by factors such as their 
own equipment and external noise, resulting in images with 
noise effects. Pixel blocks or elements that appear abrupt 
in an image can be understood as being affected by noise. 
This would seriously affect the quality of car images, making 
them unclear, so it is necessary to filter the images. Due to 
the difference between the grayscale values of noise in the 
image and those of nearby normal pixels, the mean filtering 
method utilizes this feature to replace the grayscale values 
of the center pixel with the average of all pixel grayscale 
values in the image. This reduces the impact of image noise 
and achieves the filtering effect [22, 23]. The mathematical 
expression is
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In the above formula, k represents the set of all pixels 
in the neighborhood determined by the (a, b) point. N  rep-
resents the number of pixels in the neighborhood deter-
mined by (a, b) points, while f(a,b) represents the grayscale 
value of the original image at (a, b) points. h(a,b) represents 
the grayscale value of the image after mean filtering for 
the pixel. The comparison of the effects of mean filtering 
on the original image is shown in Fig. 2.

(1)h(a,b) =
1

N

∑

(n,m)∈k

f(a,b)(a − n, b − m)
2.2.2  Image Contrast Enhancement

The cameras used for vehicle image collection are in dif-
ferent environments, which greatly affects the photos 
taken. Therefore, improving the contrast of vehicle viola-
tion images is very important. In the same image, certain 
areas have lower pixel values, making these features unclear. 
Therefore, this can be improved by balancing the histogram 
of the target image, which is beneficial for subsequent cor-
relation processing. The method of histogram equalization 
is simple and effective, and has been widely used in image 
enhancement. This article would also use this method to 
improve image comparison [24, 25]. The principle of his-
togram equalization is to widen the grayscale values with 

Fig. 1  Partial dataset image data

Fig. 2  Comparison of the 
effects of mean filtering on the 
original image
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more pixels in image processing and merge the grayscale 
values with smaller pixels, thereby improving the contrast 
of the image and making it clearer [26]. The comparison 
before and after histogram equalization and the correspond-
ing image histograms are shown in Fig. 3.

Parameter updates or learning rules are a key part in 
machine learning that describes how a model adjusts its 
internal parameters to improve performance against new 
data. In supervised learning, this often involves minimiz-
ing a loss function that measures the difference between the 
model predictions and the actual labels. For the vehicle vio-
lation detection system, these labels indicate whether there 
is any violation in the image and what type of violation it is. 
Invite professional annotators or teams to mark the collected 
vehicle images one by one. The labeling process needs to 
follow the unified labeling criteria to ensure the accuracy 
of each sample label. To ensure the accuracy of annotation, 
annotated data can be spot-sampled and verified to detect 
and correct possible errors.

3  Vehicle Tracking on Kalman Filter

The detection and tracking technology of moving objects 
is one of the research hotspots in the fields of digital image 
processing and recognition, as well as computer vision. It 
has many applications in various aspects of human life. 
Computer vision technology has also made great progress 
in vehicle tracking and has many good benefits. The first 

thing that a violation detection system based on computer 
vision needs to do is to detect and recognize each moving 
object in the image, and then analyze the specific situa-
tion of the moving object according to necessary standards 
to determine whether further work is needed. Therefore, 
this article would use Kalman filtering to study vehicle 
tracking. Based on estimation theory, Kalman filtering 
introduces the concept of state equations and establishes 
a system state model [27, 28].

The Kalman filter is described by a state equation and 
an observation equation. A discrete dynamic system can 
be considered to consist of two systems, and the expres-
sion is as follows:

Among them, X is the transition matrix used to measure 
the transition from the state of the system h − 1 to the state 
at that time h . Mh−1 is the zero mean used to represent 
the state model error, and the observation system can be 
expressed by the following observation equation, as shown 
as follows:

In the equation, h is called the observation matrix. Vh 
represents the value of the matrix.

The principle of Kalman filtering is linear least squares 
error estimation. Due to the fact that the noise is Gauss-
ian white noise, its limitation on target movement is very 

(2)Yh = XYh−1 + CFh +Mh−1

(3)Vh = FhYh + Xh

Fig. 3  Comparison before and 
after histogram equalization and 
corresponding image histo-
grams
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high [29, 30]. The simulation results of Kalman filtering 
trajectory for uniform linear motion are shown in Fig. 4.

In order to narrow the search range of the target vehicle in 
the new image, it is necessary to first use a certain algorithm 
to estimate the approximate position of the target vehicle 
in the new image frame and determine its matching range. 
The Kalman filter tracking model continuously predicts, cor-
rects, and adjusts target violations through calculations [31]. 
Due to the small time delay between adjacent frames in the 
image, the speed and direction of target motion do not imme-
diately change. Based on this characteristic, the matching of 
the target vehicle is determined as follows:

(ai, bi) is the predicted centroid coordinate of the target 
vehicle in a continuous image line; Q is the radius of the 
target vehicle search area in the next image. The circular area 
with the predicted centroid as the center and Q as the radius 
serves as the matching range of the target vehicle in the next 
frame of the image, avoiding search and matching within 
the entire image range. It not only increases the accuracy 
of tracking, but also improves the real-time performance of 

(4)ai = a3 +
(
a3 − a2

)
+
((
a3 − a2

)
−
(
a2 − a1

))

(5)bi = b3 +
(
b3 − b2

)
+

((
b3 − b2

)
−

(
b2 − b1

))

(6)Q =

√
(ai − a3)

2 + (bi − b3)
2

tracking, that is to say, when completing target matching, 
the vehicle to be matched meets the following conditions:

(aj, bj) is the centroid coordinate of the vehicle to be 
matched; d is the distance between the centroid of the vehi-
cle to be matched and the predicted centroid of the target 
vehicle. For target vehicles that have just entered the image 
frame and have not yet created a tracking sequence, due to 
the lack of specific information, this method cannot narrow 
the search range. Instead, feature sets can be directly used 

(7)d =

√
(ai − aj)

2 + (bi − bj)
2 < Q

Fig. 4  Simulation results of 
Kalman filtering trajectory for 
uniform linear motion

Fig. 5  Kalman filter tracking effect
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to match within the entire image range. The Kalman filter 
tracking effect is shown in Fig. 5.

As shown in Fig. 5, using Kalman filtering to track vehi-
cles can still effectively track the vehicles that need to be 
tracked even when the traffic flow is high. Based on the 
results of object detection, this article frames the size of 
foreground clumps in the figure, as shown in Fig. 5. The 
red rectangle represents the smallest box that can frame the 
foreground, and its centroid coordinates can be calculated:

Among them, M and Mi , respectively, represent the size 
and average grayscale value of the vehicle to be matched; 
x , � , � are the weighted coefficients; t is the threshold, and 
dif  is the degree of dissimilarity. The higher the degree of 
similarity, the higher the degree of matching between these 
two targets, and the greater is the likelihood of being the 
same target vehicle.

Based on the speed and direction of the vehicle, and over 
time, the estimated new position of the vehicle can be calcu-
lated. The new speed of the vehicle can be estimated based 
on the speed and direction in the previous state, and the 
time that has passed. The actual observation location can 
be obtained through the sensor vehicle actual location data. 
In some cases, control inputs, such as acceleration or brak-
ing commands, may be introduced to influence the speed 
and direction of the vehicle. These control inputs can be 
used as additional input conditions for the Kalman filter. The 
Kalman filter uses a noise model to describe both the meas-
urement noise and the process noise. These noise models 
can be tuned to historical data and experience to optimize 
filter performance.

When conducting vehicle tracking, the first step is to 
determine the operating parameter values and initial val-
ues of the vehicle through multiple on-site tests. Then, this 
article calculates the feature results based on the vehicle 
detection results, establishes a centroid position estimation 
model, and performs search matching. This article selects a 
video for vehicle tracking, recording images at a frequency 
of 6 frames per second. This article marks the vehicles enter-
ing the tracking sequence and identifies the same vehicle 
with the same number. The effect of tracking processing is 
shown in Fig. 6.

As shown in Fig. 6, it is the implementation result of 
the vehicle tracking process based on the Kalman filter pre-
diction tracking method. Figure 6(a–d) show the motion 
modes of two mobile vehicles named 4 and 5, respectively. 
From Fig. 6(a–d), it can be seen that the area of the car 
has changed due to the car moving away from the camera 
along the lane. Therefore, the block diagram of the tracking 
algorithm based on Kalman filtering has also changed. It 

(8)
dif = x

√
(ai − a3)

2 + (bi − b3)
2 + 𝛾

|||M −Mi|+𝛽|H − Hi
||| < t

ensures that the size of the tracking window and the size of 
the moving vehicle are basically consistent at each moment. 
In addition, from the tracking window of the moving vehicle 
in the figure, it can be seen that the upper and lower posi-
tions of the tracking window are relatively accurate.

4  Design of Intelligent Vehicle Violation 
Detection System

4.1  System Requirements and Architecture

With the development of humanity and the advancement of 
technology, the number of vehicles continues to increase, 
leading to an increasing number of traffic problems, and 
illegal driving is one of the main reasons for traffic acci-
dents. Therefore, establishing an inspection system that can 
detect illegal vehicles in a timely manner is very important 
[32, 33]. In the era of advanced technology, traffic manage-
ment would not be easy to succeed if it relies on numerous 
police officers as before. In order to efficiently complete the 
detection of road violations, it is necessary to understand 
the intelligent vehicle violation detection system. This sys-
tem typically uses computer vision and image processing 
technology to identify and detect vehicle violations, saving 
police force and time [34, 35]. At the same time, it has good 
stability and can work for a long time. The detailed informa-
tion is shown in Fig. 7.

As shown in Fig. 7, the system deploys cameras in areas 
or intersections that need to be monitored. It can take pho-
tos of vehicles based on photo triggering patterns, and then 
send the captured photos to the central processing system. It 

Fig. 6  Effect of tracking processing
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utilizes communication networks to collect images from the 
automotive data storage system for transmission and storage.

The violation detection module detects the vehicle’s 
speed and violation behavior based on the tracking results 
[36, 37]. It can use computer vision technology to locate 
and recognize vehicle information, and then calculate the 

vehicle’s speed based on driver’s license information. If 
the speed of a car exceeds the threshold or is different 
from the speed of surrounding cars, it is determined that 
the car has violated regulations. The main characteristic 
parameter settings of the corresponding control are shown 
in Table 2:

Fig. 7  Architecture diagram 
of intelligent vehicle violation 
detection system

Table 2  Control property 
parameter table

Serial number Control name Caption Identification (ID)

1 Group Box 1 Location video playback ID—SteVideo
2 Group Box2 Location information ID—INFORMATION
3 Group Box3 Location photo ID—Pie
4 Group Box4 Location range ID—Scope
5 Edit Control 1 / ID—MainVideo
6 Edit Control 2 / ID—STATE
7 Edit Control 3 / ID—StcPicl
8 Edit Control 4 / ID—StcPic2
9 Edit Control 5 / ID—StcPic3
10 Edit Control 6 / ID—StcPic4
11 Radio Button I Red light ID—RED
12 Radio Button 2 Green light ID—GREEN
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4.2  Illegal Parking of Vehicles

At present, there is no unified and effective detection system 
for illegal parking, and research on illegal parking is still 
ongoing. This article compares the changes in background 
pixel values before and after vehicles enters the area of inter-
est, and uses computer vision technology to construct an 
intelligent vehicle violation detection system. When an ille-
gal car enters the area of interest and is illegally parked, the 
target car would stay for a period of time, so the problem is 
transformed into detecting a stationary target. Usually, the 
pixel values of each point in the background image of the 
region of interest can remain unchanged for a long time, but 
the background itself can change in a short period of time 
due to environmental influences. Therefore, when an object 
moves, the pixel value would undergo a significant change, 
and this change would be greater than the amplitude change 
of the background pixel itself [38, 39]. Therefore, when sig-
nificant changes are detected in pixels within the region of 
interest, it can be determined that the target in front has 
entered the region of interest. When the background value 
pixel changes rapidly and significantly, and returns to the 
initial background state value in a short period of time, it 
indicates that a moving target has passed through the region 
of interest but has not stopped. When the background value 
changes rapidly and its pixel value remains unchanged 
for a period of time, it indicates that a moving object has 
entered and stopped, and there may be a violation of park-
ing regulations.

4.3  System Interface Under Human–Computer 
Interaction

Each system is an implementation of human–computer 
interaction. The user interface is a platform for sending and 
exchanging information between users and computers. This 
platform should not only meet the needs of work information 
interaction, but also interact without the need for informa-
tion, and the information processing speed should also meet 
the requirements. The intelligent vehicle violation detection 
system based on human–computer interaction and computer 
vision technology is similar to traffic police speed measure-
ment for speeding recognition. Each intersection equipped 
with detection equipment is divided into two groups. Based 
on the driving distance and required speed of the two inter-
sections, the starting time for the same vehicle to pass 
through a single intersection machine can be set. The inter-
section compares the difference time with the starting time 
based on the vehicle. If the measured value is greater than 
the starting time, it is considered that the vehicle is driving 
normally. If the measured value is less than the starting time, 
it is considered that the vehicle is speeding and an alarm is 
sent to the traffic police teams closest to the intersection 

where the vehicle passes through based on the network. At 
the same time, photos of passing through two intersections 
are stored as law enforcement evidence. The software system 
processing interface for speeding vehicles is shown in Fig. 8.

5  Performance of Intelligent Vehicle 
Violation Detection System

For intelligent vehicle violation detection systems, config-
uring advanced computers can ensure the success of train-
ing and the accuracy of results, and training reports require 
both the memory and computing power of the graphics 
card. Therefore, this training should be run on a laboratory 
server. The hardware configuration, system used, and related 
software environment of the laboratory server are shown in 
Table 3.

Parameter updates or learning rules are a key part in 
machine learning that describes how a model adjusts its 
internal parameters to improve performance against new 
data. In supervised learning, this often involves minimiz-
ing a loss function that measures the difference between the 
model predictions and the actual labels. For the vehicle vio-
lation detection system, these labels indicate whether there 
is any violation in the image and what type of violation it is. 
Invite professional annotators or teams to mark the collected 
vehicle images one by one. The labeling process needs to 
follow the unified labeling criteria to ensure the accuracy 
of each sample label. To ensure the accuracy of annotation, 
annotated data can be spot-sampled and verified to detect 
and correct possible errors.

This article uses computer vision technology to process 
vehicle violation images, and then combines human–com-
puter interaction to construct a system. The constructed 
system is more excellent than other traditional detection 
technologies. In order to capture illegal vehicles, the sys-
tem can install cameras on the side or above the road for 
image collection, and then use a converter in the computer 
platform to convert it into an image. It is stored in computer 
memory. Then, this article uses computer vision technology 
to process the collected video images to see if the vehicle 
has engaged in illegal behavior, and at the same time, it is 
necessary to promptly handle the fault once it is discovered. 
In order to further demonstrate the performance superior-
ity of the system studied in this article, it is compared with 
an intelligent vehicle violation detection system based on 
Video Image Processing (VIP) technology, Magnetic Induc-
tion Coil (MIC) technology, and Digital Image Processing 
(DIP) technology. The specific performance comparison is 
shown in Table 4.

As shown in Table 4, compared with other vehicle viola-
tion detection systems, the overall system performance of 
the vehicle violation detection system constructed in this 
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article using human–computer interaction and computer 
vision technology is more superior, with significant advan-
tages. The system studied in this article has a simple operat-
ing interface and complete functions such as recognition and 
tracking of various vehicle violation detection behaviors. It 
does not require users to spend a lot of time familiarizing 
themselves and is easy to get started with. At the same time, 
the detection accuracy is higher than other systems, and the 

stability is also better. The accuracy of warning for illegal 
vehicles is also higher. It can be all-weather tested and has 
excellent scalability.

The training set is a dataset used to train and optimize 
the vehicle violation detection system. It should contain 
various types of violations to ensure that the system can 
identify and classify various situations. The data in the 
training set should be annotated, that is, each sample 

Fig. 8  System processing interface for speeding vehicles

Table 3  Software and hardware 
configuration of laboratory 
computers

Serial 
number

Hardware and software 
environment

Classification Specific introduction

1 Software environment Operating system Windows 10
Programming language Python 3.6
Internet connection Bluetooth
Computing unified equip-

ment architecture
Cuda 10.1

Image processing library Opencv 4.2.0
Video 4Kx2K 60 Hz encoding

2 Hardware environment Central processing unit Intel (R) Core (TM) i7-8700 K 
CPU at 3.7 GHz

Graphics processor NVIDIA GEFORCE GTX 1080
Monitor 2 sensor camera interfaces
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should have a corresponding label, indicating whether it is 
a violation. The test set is used to evaluate the performance 
of the vehicle violation detection system, i.e., through 
the test set to measure the performance of the system on 
unseen data. The validation set was used to adjust the 
hyperparameters and to select the best model. By evaluat-
ing the performance of the model on the validation set, the 
optimal hyperparameter combination and the best model 
can be found. Updated regularly to reflect changes in the 
data. This study focuses on training accuracy.

There are many types of vehicle violations, such as 
retrograde, pressing yellow line, illegal parking, block 
license plates, running red lights, speeding, cut into a 
lane, and not polite to pedestrians. It is very important 
to detect these violations. This article utilizes Computer 
Vision (CV) technology to construct an intelligent vehicle 
violation detection system, which has high accuracy in 
detecting these types of violations. The research data are 
sourced from the database images mentioned above, and 
these different captured photos are tested. The experimen-
tal data of the above 8 violations are shown in Table 5.

As shown in Table 5, a total of 8 violations are selected. 
This article has numbered these 8 violations from 1 to 8, 
and each violation was detected by extracting a different 
amount of image data, totaling 49,521 images. Among 
them, there are 9687 images of people who are not polite 
to others. The image data for illegal parking is the least, 
with only 2681 images.

This article uses the research to detect 8 types of viola-
tions in the violation detection system, and conducts 100 
experiments. The final result is the average accuracy of 
100 experimental detections. It compares the results with 
violation detection systems based on VIP, MIC, and DIP, 
and the specific comparison results are shown in Fig. 9.

Table 4  Comparison of performance between video detection technology and traditional detection technology

Serial number Inspection items Research system of this article VIP MIC DIP

1 Coverage Large detection range, 
150–200 m

Small detec-
tion range, 
50–60 m

Small detection range, 5–10 m Small 
detection 
range, 
10–20 m

2 Accuracy High General Low General
3 Interface video display Display General Show carton General
4 System operation complexity Very simple Simple More complicated Simple
5 Operating environment All-weather All-weather Affected by weather All-weather
6 Extensibility Very good General Relatively poor General
7 Construction cycle Short Long Very long Long
8 Maintainability Good General Poor General
9 Stability Good General Poor General
10 Can you reproduce the scene? Can No No No
11 Illegal vehicle alarm Very accurate Accurate Accurate Accurate

Table 5  Experimental data on 8 types of violations

Serial number Violation of regulations Number 
of pic-
tures

1 Retrograde 3672
2 Press yellow line 4456
3 Illegal parking 2681
4 Block license plates 8869
5 Run a red light 5963
6 Speeding 7261
7 Cut into a lane 6932
8 Not polite to pedestrians 9687

Fig. 9  Comparison of detection accuracy of different vehicle viola-
tion detection systems
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In Fig. 9, the x-axis represents the number of violations, 
while the y-axis represents the accuracy of the detection. 
The vehicle violation detection system in this study detects 
different types of violations with much higher accuracy 
than other violation detection systems. Among them, the 
CV based violation detection system has an accuracy of over 
96.86% for detecting the 8 types of violations extracted. The 
accuracy of violation detection systems based on VIP, MIC, 
and DIP for violation behavior detection is below 91.92%, 
87.27%, and 92.35%, respectively. The accuracy of the sys-
tem studied in this article for detecting illegal behavior of 
running red lights is 99.69%, approaching 100%. It is 8.81%, 
14.51%, and 10.4% higher than the violation detection sys-
tems based on VIP, MIC, and DIP, respectively. The average 
accuracy of the violation detection system based on CV for 
8 types of violations is 98%. It is 7.55%, 12.49%, and 7.87% 
higher than the violation detection systems based on VIP, 
MIC, and DIP, respectively.

With the continuous increase in the number of cars, more 
and more image data are generated. It is crucial to quickly 
find evidence of vehicle violations from massive image data, 
in order to search for and punish driver violations, and to 
reduce accident rates. The vehicle violation detection system 
studied in this article has a faster speed and shorter detection 
time for image detection. In order to further highlight the 
superiority of the system studied in this article in terms of 
image detection speed, this article compares it with the vio-
lation detection systems of VIP, MIC, and DIP. The specific 
comparison results are shown in Fig. 10.

In Fig. 10, the x-axis represents the number of images to 
be detected, while the y-axis represents the time required for 
detection. As shown in Fig. 10, the system studied in this 
article takes much less time to detect extracted images than 

other violation detection systems, and the detection speed 
is faster. Among them, the detection system built based on 
MIC takes much longer than the other three detection sys-
tems. When the number of detected images is 150 or less, 
the time required for a VIP based detection system is higher 
than that for a CV based system. However, it is lower than 
systems built on MIC and DIP. When the number of detected 
images is 160 or more, the time required for a VIP based 
detection system is higher than that of a CV and DIP based 
system, but lower than that of a MIC based system. Mean-
while, when the number of detected images is 10, the time 
required for the system detection studied in this article is 
5.54 ms. It is 1.58 ms, 4.24 ms, and 3.05 ms lower than the 
violation detection systems based on VIP, MIC, and DIP, 
respectively. When the number of detected images is 200, 
the time required for the system detection studied in this 
article is 68.39 ms. It is 48.03 ms, 55.17 ms, and 28.73 ms 
lower than the violation detection systems based on VIP, 
MIC, and DIP, respectively.

6  Conclusions

The number of deaths caused by traffic accidents in China 
each year exceeds hundreds of thousands, ranking among 
the top in the world, most of which are caused by driver 
violations. Therefore, if computer vision technology can 
be used to detect violations of certain vehicles and record 
and punish them, it is of great significance for reducing law 
enforcement, managing the traffic environment, preventing 
accidents, and ensuring pedestrian safety. The intelligent 
vehicle violation detection system based on human–com-
puter interaction and computer vision is a system that detects 
and records vehicle violations through computer vision 
and human–computer interaction technology. The system 
studied in this article utilized computer vision technology 
to preprocess the extracted images, and then used Kalman 
filtering to track vehicles. Then, it utilized the intelligent 
interaction interface of human–computer interaction tech-
nology system to detect vehicle violations, record and count 
vehicle violations, and presented the final recorded results 
to the administrator. Therefore, the research system in this 
article can recognize traffic signs, detect vehicle violations, 
and then provide useful information and warnings to drivers 
through human–computer interaction. This can effectively 
improve traffic safety, reduce manual patrol and monitoring 
costs, and improve the accuracy and efficiency of violation 
detection. Intelligent vehicle violation detection systems 
based on human–computer interaction and computer vision 
may encounter many difficulties in the research. Here are 
the possible challenges and the corresponding solutions: for 
computer vision systems, there is a lot of annotated data 
for model training. If the actual annotation data is limited 

Fig. 10  Comparison of image detection time for different vehicle vio-
lation detection systems
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available, the dataset can be augmented by using techniques 
such as data augmentation. Also, consider using semi-super-
vised or unsupervised learning to effectively utilize unanno-
tated data. To make the system easy to use and understand, 
an efficient and intuitive human–machine interface needs 
to be designed. This can find the optimal design scheme 
through user research and design thinking.
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