
Advancements in Computer Vision Applications for 

Traffic Surveillance Systems 
 

Vesna Radojčić1, Aleksandar Sandro Cvetković1, Miloš Dobrojević2, Petar Spalević2, Jalal Mohamed E.Guider2 

Faculty of Computing and Informatics,  

Sinergija University1, Bijeljina, Singidunum University2, Belgrade 

 

 
Abstract — With the increasing need for efficient traffic 

surveillance systems, computer vision emerges as a promising 

technology to address various challenges in this domain. This 

paper aims to provide an overview of recent advancements in the 

application of computer vision in traffic surveillance. It 

commences by discussing fundamental concepts of computer 

vision and its role in traffic monitoring, followed by an 

exploration of various techniques and algorithms used in 

computer vision systems, including object detection, tracking, 

and classification. Furthermore, it investigates the integration of 

computer vision with other technologies such as machine learning 

and deep learning, emphasizing their impact on enhancing the 

accuracy and efficiency of traffic surveillance systems. The 

review explores specific applications of computer vision in traffic 

surveillance, such as traffic flow monitoring, anomaly detection, 

and license plate recognition. Additionally, it addresses 

challenges and limitations associated with the implementation of 

computer vision in real-world traffic scenarios. Synthesizing 

existing literature, case studies, and research findings, this review 

offers a comprehensive insight into the current state-of-the-art in 

the application of computer vision for traffic surveillance 

systems. The paper concludes with a discussion of future 

directions and potential research opportunities in this rapidly 

evolving field. 
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I.  INTRODUCTION  

With the growing demand for efficient traffic surveillance 

systems, the role of computer vision has become increasingly 

significant. This technology stands out as a promising solution 

to address various challenges in this field. This paper aims to 

provide a comprehensive overview of recent advancements in 

the application of computer vision in traffic monitoring. The 

heightened necessity for robust traffic surveillance systems 

further emphasizes the pivotal role of computer vision as a 

transformative technology. The paper explores the 

fundamental principles of computer vision and its role in 

traffic monitoring, followed by an in-depth analysis of various 

techniques and algorithms crucial to computer vision systems, 

including object detection, tracking, and classification. 

Additionally, the paper carefully examines the integration of 

computer vision with other advanced technologies, such as 

machine learning and deep learning, highlighting their 

collaborative impact on improving the accuracy and efficiency 

of traffic surveillance systems. Furthermore, it investigates 

different applications of computer vision in traffic surveillance 

and considers challenges and limitations arising from the real-

world implementation of computer vision in traffic scenarios. 

II. BASIC CONCEPTS OF COMPUTER VISION 

The field of computer vision is intricate and multifaceted.   
Computer Vision falls within the realm of Deep Learning and 
Artificial Intelligence, encompassing the process by which 
humans educate computers to perceive and comprehend their 
surrounding environment [1]. 
 

 

Figure 1. The human vision system vs computer vision 
system  [2] 

The fundamental goal of Computer Vision is to imitate 
human vision by utilizing digital images through three core 
processing elements, executed sequentially:  

• Image acquisition; 

•  image processing; 

•  and image analysis and comprehension. 

Given that our human comprehension of the world is 
manifest in our capacity to make decisions based on visual 
input, imparting such visual understanding to computers 
would empower them with a similar capability.   
Image acquisition can be defined as the procedure of 
converting the surrounding environment into binary data 
comprised of zeros and ones, subsequently decoded as digital 
images. The subsequent tools have been devised to aid in the 
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establishment of datasets conducive to the digitization of 
images:  

• Webcams and integrated cameras; 

•  Digital compact cameras and; 

• DSLR cameras Consumer 3D cameras and laser 
rangefinders. 

The next phase of Computer Vision involves the low-level 
processing of images. Utilizing algorithms, the binary data 
obtained in the initial stage is subjected to analysis to deduce 
fundamental details about different aspects of the image. This 
category of information encompasses elements like image 
edges, point features, or segments – all fundamental geometric 
constituents that contribute to object formation within images. 
Typically, this stage employs advanced mathematical 
algorithms and techniques. Among the low-level image 
processing algorithms employed are:  

• Edge detection; 

• Segmentation;  and  

• Classification. 

A. Edge detection 

In the realm of computer vision and image processing, edge 

detection revolves around pinpointing notable fluctuations 

within the grayscale image and discerning the underlying 

physical phenomena responsible for them. This knowledge 

finds significant utility across diverse applications such as 3D 

reconstruction, motion analysis, object recognition, image 

enhancement, restoration, registration, compression, and 

beyond. Typically, the process of edge detection necessitates 

both image smoothing and differentiation. However, 

differentiation poses challenges due to its ill-conditioned 

nature, while smoothing can result in information loss. 

Crafting a universal edge detection algorithm that excels 

across various contexts and effectively meets the demands of 

subsequent processing stages proves to be a challenging 

endeavor [3].  In edge detection, we identify the boundaries or 

edges of objects in an image by determining where the shade 

of the image dramatically changes. Edge detection can be used 

to extract the structure of objects in the image. If we are 

interested in the number, size, shape, or relative position of 

objects in the image, edge detection allows us to focus on the 

parts of the image that are most useful to us and disregard the 

parts that won't help us. The original image can be seen in 

Figure 2, and an example of edge detection can be seen in 

Figure 3 [4]. 

 
Figure 2. The loaded image in its original form 

 

 
Figure 3. The result of detecting the edges of objects in the 

image 

III. OBJECT DETECTION TECHNIQUES 

Object detection entails the utilization of computer vision 
and image analysis to identify symbolic artifacts of a specific 
nature within visual images and video material. This technique 
plays a significant role in the field of computer vision and is 
applied across various scenarios, including autonomous 
vehicles. Over the past five decades, object detection 
techniques have continuously evolved, leading to the 
development of numerous methodologies that have exhibited 
promising outcomes. Currently, the realm of object detection 
has fundamentally transformed into two primary categories: 
the first encompasses traditional machine learning methods 
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that employ diverse computer vision techniques, while the 
second is rooted in deep learning methodologies [5]. The 
implementation of object detection provides vehicles with an 
additional set of vigilant eyes that attentively observe when 
drivers are unable to do so, such as within the blind spots 
inherent in all vehicles. Thanks to computer vision, these 
supplementary visual sensors significantly contribute to 
reducing yearly injuries and fatalities. Conversely, pedestrians 
pose a challenge due to their smaller size and unpredictable 
behavior. Training AI technology to adeptly recognize 
pedestrians in dynamic environments becomes intricate. The 
vehicle must possess the ability to visually detect pedestrians 
and react appropriately to prevent harm. This necessitates 
initial training with meticulously annotated and high-quality 
data. Human annotators create labeled datasets featuring real-
life scenarios with bounding boxes encompassing predefined 
images of humans [6]. These datasets then serve to train AI 
models based on computer vision. While vehicles represent a 
typical context for pedestrian and object detection, numerous 
organizations reap substantial benefits from this technology, 
including:  

• Autonomous vehicles; 

•  Electric scooters / E-bikes;  

• Surveillance cameras [7]. 

 

Figure 4. An example of object detection  

IV. APPLICATIONS OF COMPUTER VISION IN 

TRAFFIC SURVEILLANCE 

 

Traffic monitoring on roads involves collecting data that 

describes the characteristics of vehicles and their movement 

within the road network  [8]. Examples of useful data include 

vehicle counts, speed, trajectories, flow, density, length, 

weight, classifications (car, van, bus), and vehicle 

identification through license plates. These data serve various 

purposes, including: 

• Law Enforcement: Monitoring speeding, dangerous 

driving, unauthorized use of bus lanes, and 

identifying stolen or wanted vehicles.  

• Automated Toll Collection: Traditional toll booths 

require vehicles to stop for payment. However, in an 

automated system, vehicles can pass without 

stopping. The system classifies the vehicle as it 

passes through the toll booth and calculates the 

appropriate fee. Vehicle license plates are 

automatically read, and the owner receives a 

monthly bill.  

• Congestion and Incident Detection: Traffic 

congestion, accidents, and slow-moving vehicles 

pose potential hazards to approaching vehicles. 

Detecting such incidents allows for the placement of 

variable traffic signs and speed limits upstream to 

alert approaching drivers.  

• Increasing Road Capacity: Increasing the capacity of 

existing roads is an attractive alternative to building 

new ones. With enough information about the road 

network's status, it becomes possible to 

automatically redirect traffic along less congested 

roads with controlled speeds, optimizing the overall 

network capacity [9].  

  

At present, the monitoring of road traffic heavily relies on 

sensor technologies employing radar, microwaves, tubes, or 

loops [10]  (Figure 5):   

 

• Radar: Utilized for precise measurement of vehicle 

speeds.  

• Microwave detectors: Typically positioned on 

bridges or gantries, these detectors emit vertical 

waves downward across traffic lanes. Emitting 

microwaves that bounce off the road surface and 

return to the sensor, these devices detect interference 

caused by vehicles passing beneath, thereby enabling 

vehicle detection.  

• Tubes: The foundation of this sensor is a rubber tube 

secured across a traffic lane's width on the road's 

surface. One end of the tube is sealed, while the other 

is linked to a pressure gauge. As each vehicle's 

wheels traverse the tube, pressure fluctuations occur 

within it, sensed by the pressure gauge. Each pressure 

fluctuation corresponds to a vehicle axle passing over 

the sensor. Tubes tally the number of vehicle axles 

traversing a specific road point, enabling the 

deduction of vehicle count, length, and classification. 

• Inductive Loop Detectors: These are composed of a 

sizable coil of wire positioned just beneath the road's 

surface. When vehicles traverse the coil, the coil's 

inductance changes, enabling vehicle detection. 

Among the assortment of sensors, loop detectors take 

center stage and find near-universal usage in traffic 

light systems. While an individual detector simply 

signals a vehicle's presence or absence, the collective 

outputs of multiple detectors can be analyzed to infer 
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information like vehicle speed, length, flow rates, and 

density. Nevertheless, these sensors come with 

several drawbacks [11].  Due to their limited 

capability of detecting only directly overhead 

vehicles, a standard road junction necessitates the 

installation of numerous sensors to cover all entry 

and exit points. They lack adaptability and once 

installed, their relocation is not feasible. Moreover, 

installation incurs high costs and disruption. Loop 

detectors are susceptible to disruptions caused by 

resurfacing or roadworks; in the USA, around 30% of 

them are non-operational at any given time. The 

implementation of computer vision-based monitoring 

systems will help mitigate many of these 

disadvantages. 

 
Figure 5. Sensors currently in use for road traffic 

monitoring [12] 

 

Computer vision holds the potential to outmatch any currently 

available sensor in terms of capability. The deployment of 

video cameras for road network monitoring proves to be a 

more cost-effective and less disruptive alternative compared to 

the installation of other sensor types. Remarkably, a 

substantial number of cameras are already in place across road 

networks for surveillance purposes. A single camera can 

oversee multiple traffic lanes spanning hundreds of meters of 

road. Leveraging vision-based systems opens up avenues for 

extracting a more diverse range of data, including precise 

vehicle paths, dimensions, shapes, and colors. Through 

strategic camera placement, a vision system can adeptly track 

vehicles as they navigate intricate road junctions or traverse 

extensive road segments. Theoretically, a vision system could 

possess observational capabilities akin to those of a human 

observer, yet devoid of the drawbacks of fatigue and 

monotony. A pivotal prerequisite for the triumph of a vision-

based traffic monitoring system is its real-time operation. 

Figure 6 depicts a typical vision system for road traffic 

monitoring [13]. 

 

 

Figure 6. A typical vision system for road traffic monitoring  

V. CHALLENGES AND LIMITATIONS  

While the integration of computer vision into traffic 

surveillance systems offers significant advancements, it also 

presents several challenges and limitations that need to be 

addressed. One of the primary challenges is the variability of 

real-world conditions, including adverse weather, lighting 

changes, and occlusions caused by other vehicles or objects. 

These factors can impede the accuracy of object detection and 

tracking algorithms, leading to potential safety concerns. 

Moreover, the computational complexity of real-time 

processing in complex traffic environments poses a limitation. 

The need for rapid and accurate analysis of large volumes of 

data requires robust hardware infrastructure and optimized 

algorithms to ensure timely decision-making. Another 

challenge arises from the diversity of vehicle types, sizes, and 

shapes. Designing object detection and classification systems 

that can accurately identify and differentiate between various 

vehicles, including cars, trucks, buses, and motorcycles, 

remains a complex task. Furthermore, the privacy concerns 

associated with video-based surveillance systems warrant 

careful consideration. Striking a balance between effective 

traffic monitoring and safeguarding individuals' privacy rights 

is essential. Incorporating machine learning and deep learning 

techniques introduces its set of challenges, including the 

requirement for substantial labeled datasets for training. The 

scarcity of comprehensive and diverse datasets specific to 

certain traffic scenarios can hinder the development of robust 

models. Lastly, the real-time nature of traffic surveillance 

necessitates low-latency processing. Delays in detection and 

response times could undermine the effectiveness of the 

system, particularly in critical situations. 

VI. CONCLUSION  

In the realm of traffic surveillance, the application of 

computer vision has ushered in a new era of possibilities, 

offering innovative solutions to the persistent challenges of 

monitoring and managing roadways. This review has explored 

the significant advancements and diverse applications of 

computer vision technology in traffic surveillance systems. 

From the fundamental concepts of computer vision to the 

intricacies of object detection, tracking, and classification, the 

potential of computer vision to transform traffic monitoring 

practices is evident. The integration of machine learning and 
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deep learning techniques has further propelled the accuracy 

and efficiency of these systems, enabling them to adapt and 

evolve alongside dynamic traffic scenarios. The practical 

applications of computer vision in traffic flow analysis, 

anomaly detection, and license plate recognition have 

demonstrated its versatile capabilities in enhancing safety, 

efficiency, and enforcement on the roads. However, it is 

crucial to acknowledge the challenges and limitations that 

accompany the adoption of such advanced technology. 

Overcoming issues related to real-world variability, 

computational complexity, privacy concerns, and data 

availability remains imperative for realizing the full potential 

of computer vision-based traffic surveillance. As this field 

continues to evolve, collaborative efforts among researchers, 

engineers, policymakers, and stakeholders will be essential in 

driving innovation and addressing the multifaceted challenges 

that lie ahead. By harnessing the power of computer vision 

and leveraging its synergies with other emerging technologies, 

we can envisage a future where traffic surveillance systems 

not only enhance road safety but also contribute to the 

seamless mobility of smart cities. In conclusion, the journey of 

applying computer vision to traffic surveillance is a testament 

to the transformative impact of technology on modern 

transportation. As we navigate the road ahead, the fusion of 

vision-based intelligence with real-time decision-making holds 

the promise of shaping safer, more efficient, and 

interconnected road networks. 
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