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 The article investigates the current technological 

landscape of video surveillance systems and evaluates 

their key architectural models, performance 

characteristics, and limitations. The research focuses 

on three primary categories of solutions — 

traditional, cloud-based, and AI-driven systems — 

and compares them in terms of scalability, analytical 

accuracy, processing speed, and cybersecurity. The 

analysis demonstrates that traditional CCTV systems 

remain reliable but lack flexibility and analytical 

capacity, while cloud platforms provide enhanced 

accessibility but depend heavily on network stability. 

The integration of artificial intelligence and 

distributed (edge) computing technologies 

significantly improves efficiency and enables 

autonomous event analysis in real time. According to 

recent studies [6], hybrid architectures combining 

local and cloud resources achieve a 40% reduction in 

processing time and higher resilience against data 

loss. The research concludes that the evolution of 

video surveillance is moving toward intelligent, 

adaptive, and energy-efficient systems that can 

operate autonomously and support proactive security 

management. 
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INTRODUCTION 

Video surveillance systems today occupy a leading position among public and 

corporate security tools. They are widely used in transportation networks, administrative 

buildings, industrial facilities, and smart city infrastructure. In recent years, these systems 

have undergone significant transformation: from analog installations recording images 

on hard drives to digital intelligent systems utilizing artificial intelligence, big data 

analysis, and cloud computing. As a result, video surveillance has evolved from a passive 
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monitoring tool into an active analytical mechanism capable of interpreting events and 

making automated decisions. 

Modern technological solutions in this field are a combination of hardware and 

software components, including high-definition cameras, network video recorders 

(NVRs), video management systems (VMS), and intelligent data analysis modules. The use 

of computer vision and machine learning algorithms enables automatic object detection, 

facial recognition, people counting, motion tracking, and behavioral anomaly detection. 

These capabilities significantly expand the functionality of video surveillance systems and 

make them indispensable elements of city management, transport logistics, and industrial 

monitoring. 

Despite intensive development, many existing solutions remain limited in terms of 

performance, scalability, and resilience when processing large volumes of video data. The 

constant increase in camera resolution and the transition to 4K and 8K formats require 

more powerful computing resources, optimized compression algorithms, and efficient 

data filtering methods. This leads to increased network load and necessitates the 

implementation of distributed video stream processing architectures. 

One of the most challenging tasks is ensuring compatibility between hardware and 

software from different manufacturers. The lack of unified communication protocols and 

data exchange standards often hinders the creation of unified solutions. As a result, users 

face integration difficulties, reduced processing speed, and increased latency during data 

transmission. 

Data protection and cybersecurity of video surveillance systems remain an equally 

significant issue. Connecting cameras to public networks creates the risk of unauthorized 

access and possible leakage of confidential information. According to information security 

research, approximately 60% of cyber incidents involving IoT devices are caused by 

insufficiently protected video systems. These circumstances highlight the need to develop 

new approaches to encryption, authentication, and access rights management. 

Therefore, the relevance of this study is determined by the need for an in-depth 

analysis of current technological solutions, identifying their advantages and limitations, 

and determining directions for further development of video surveillance systems. The 

goal of this work is to assess the level of technological maturity of existing solutions, 

identify factors limiting their effectiveness, and identify ways to develop intelligent and 

resilient next-generation systems. 

RESULTS and DISCUSSIONS 

This article is based on a comprehensive approach that combines technical, 

analytical, and comparative methods. This approach allowed us to thoroughly examine 

the structure of modern video surveillance systems, identify their operational features, 

and determine the key limitations affecting the quality and performance of these 

solutions. 

The technical analysis focused on the hardware and software components that form 

the foundation of modern video systems. The study examined the parameters of network 

cameras, video recorders, server platforms, and video management software (VMS). 
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Particular attention was paid to data transfer protocols—RTSP, ONVIF, and HTTP—as 

well as encoding and compression technologies, including the H.264 and H.265 standards. 

The analysis allowed us to determine how the selected technological solutions impact 

network throughput, video processing speed, and compatibility between equipment from 

different manufacturers. 

The analytical phase included a review of scientific publications, patents, technical 

descriptions, and market reports from leading video surveillance system manufacturers, 

such as Hikvision, Dahua, Axis, and Bosch. Data presented in specialized scientific 

publications and international standards, including ISO/IEC 30129:2020, defining 

requirements for the architecture and security of video systems, was used. This method 

ensured an objective analysis and provided up-to-date information on technology 

development trends for the period 2022–2024. 

A comparative method was used to compare various technological solutions based 

on their functionality and performance indicators. Criteria considered included image 

quality, response time, resilience under high loads, level of intelligent automation, and 

cost effectiveness. An analysis of local, cloud, and hybrid architectures revealed that 

combined systems combining local processing with cloud storage and centralized 

management provide the greatest flexibility and scalability. 

System analysis and expert assessment methods were additionally used to identify 

the relationship between system performance, computing resources, and the degree of 

intelligence. This phase included an analysis of video analytics platforms implementing 

machine learning algorithms—YOLO, DeepSORT, TensorFlow, and OpenCV. This allowed 

us to assess the impact of artificial intelligence implementation on processing speed, 

recognition accuracy, and system resilience in dynamic environments. 

Thus, the proposed methodology provided a comprehensive approach to studying 

modern video surveillance solutions. The combination of analytical and technical analysis 

provided a deeper understanding of current industry development trends and formed the 

basis for a subsequent comparative study of the effectiveness of various technological 

architectures. 

The analysis revealed that modern video surveillance systems vary in their level of 

intelligence, architecture, and functional flexibility. The study covered three key types of 

technological solutions: traditional (on-premises), cloud-based, and intelligent systems 

based on artificial intelligence algorithms. Comparisons were made across a number of 

parameters, including analysis accuracy, data processing speed, scalability, resilience to 

network loads, and cybersecurity. The results showed that traditional video surveillance 

(CCTV) systems, despite their simplicity and operational reliability, have limited 

analytical functionality. As noted [1], such solutions are primarily focused on recording 

and storing data without in-depth analytics, making them ineffective in the face of large 

volumes of information and dynamic surveillance scenarios. Cloud platforms, in contrast, 

offer extensive capabilities for centralized management, remote access, and integration 

with intelligent services, but their stability is directly dependent on the quality of the 

internet connection and network bandwidth [2]. 
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New-generation systems implementing machine learning and computer vision 

technologies proved to be the most promising. According to [3], the use of neural network 

algorithms can increase object identification accuracy to 92% and reduce operator 

workload by almost 40%. The study [4] also confirms that the use of YOLOv8 and 

DeepSORT architectures significantly accelerates video stream analysis while 

maintaining high reliability of results. 

For a visual presentation of the comparative data, a diagram was prepared reflecting 

the main differences between the three classes of video surveillance systems. 

 
Fig 1. Comparison chart showing the relationship between traditional, cloud, and 

intelligent solutions in terms of accuracy, speed, scalability, and security 

Based on the obtained results, it can be concluded that hybrid architectures 

combining local servers with cloud computing power demonstrate the greatest efficiency. 

This approach provides a balance between processing speed, storage reliability, and 

intelligent analytics capabilities. According to [7], hybrid models demonstrate, on 

average, 18% better performance and lower operating costs compared to fully local 

solutions. 

Additional observations confirm the growing trend toward distributed systems 

using edge computing. As noted by [6], offloading analytical tasks to local nodes reduces 

data processing time by up to 40% and increases system resilience to network 

infrastructure failures. These results suggest that the development of video surveillance 

is moving toward the creation of intelligent, adaptive, and energy-efficient systems 

capable of autonomous operation and providing accurate analysis in real time. 

Analysis of the conducted study shows that the development of video surveillance 

systems is moving toward increasing their intelligence, adaptability, and resilience to 

external influences. A comparison of three technological approaches—traditional, cloud, 

and intelligent—confirms that modern trends are focused on integrating artificial 

intelligence and distributed computing. Such solutions not only automate surveillance 

processes but also enable independent data analysis, significantly reducing human 

intervention and increasing overall system efficiency. 

In recent years, particular attention has been paid to the use of neural network 

models in video stream analysis. A study [3] shows that the use of deep learning methods 
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significantly increases object recognition accuracy, reaching 90% even under unfavorable 

lighting conditions. Similar results are reported by [4], noting that the implementation of 

YOLOv8 and DeepSORT architectures not only accelerates information processing but 

also improves the resilience of analytical modules when dealing with large volumes of 

video data. These findings confirm that neural network methods are becoming a key 

component in the technological evolution of video surveillance. 

Cybersecurity remains one of the most pressing issues, especially in the context of 

the growing number of connected devices. According to [5], more than half of IoT-related 

incidents involve video cameras that lack adequate security. Therefore, modern research 

is focused on developing authentication systems, multi-level encryption, and access rights 

management. According to [6], the implementation of edge computing technology 

combined with local user authorization reduces the likelihood of unauthorized access by 

almost 40%, while simultaneously increasing resilience to external cyberattacks. 

Optimization of computing resources and the cost-effectiveness of infrastructure 

are also important. According to [7], the transition from centralized server systems to 

hybrid architectures reduces operating costs by 18% and improves operational stability 

under peak loads. This is especially important for facilities with a high camera density and 

real-time processing requirements. 

[1] note that the integration of cloud technologies with artificial intelligence 

provides a qualitatively new level of video analytics, where systems are capable of self-

learning and adapting to the context of the monitored environment. This approach 

becomes the basis for building intelligent platforms capable of predicting the behavior of 

objects and making automated decisions without operator intervention. To visualize the 

resulting patterns, an analytical diagram was created that depicts the relationship 

between the system's intelligence, processing speed, and data security. 

 
Fig 2. Video surveillance system efficiency versus level of intelligence and architecture type 

Overall, the discussion shows that the future of video surveillance systems lies with 

the continued adoption of artificial intelligence, the development of distributed 

computing, and improved information security mechanisms. The transition to hybrid 
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models provides a balance between speed, accuracy, and security, making such systems 

the most promising for implementation in the context of digital transformation. 

CONCLUSION 

The article found that modern video surveillance systems are undergoing a 

profound technological modernization—a transition from simple recording systems to 

intelligent platforms capable of independently analyzing visual data and responding to 

events. A comparative assessment of local, cloud, and hybrid architectures revealed that 

solutions combining distributed data processing with elements of artificial intelligence 

offer the greatest potential. Such systems provide a higher level of analytics, faster 

response times, and more reliable operation in real time. 

These results confirm that the industry's future development is closely linked to the 

integration of machine learning technologies, neural network algorithms, and edge 

computing. Such approaches enable the creation of more autonomous and energy-

efficient systems, minimizing the load on central servers and increasing resilience to 

network failures. Research published in [3] indicates that the use of intelligent algorithms 

in distributed architectures reduces system response times by more than 40% and lowers 

operating costs. At the same time, issues related to cybersecurity and the standardization 

of interaction protocols remain pressing. The lack of a unified approach to 

interoperability between equipment from different manufacturers still hinders the 

integration of systems into a single infrastructure. Overcoming these limitations requires 

the development of common standards governing data protection, information exchange, 

and the unification of architectural solutions. 

Going forward, the primary focus should be on developing adaptive video analytics 

systems capable of self-learning and predicting potential threats. The transition from 

reactive surveillance to proactive management will improve security and expand the 

application of intelligent technologies in urban, transport, and industrial environments. 

The results of this study form the conceptual and methodological basis for the further 

improvement of intelligent video surveillance systems and their practical implementation 

in the context of digital transformation. 
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