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Abstract — The rapid increase in urbanization, public security challenges, and criminal activities has accelerated the 

development of intelligent surveillance systems for real-time violence detection and criminal activity identification. Traditional 

surveillance systems often depend heavily on manual monitoring, which limits detection efficiency, increases response time, and 

reduces reliability in complex environments. Recent advancements in deep learning, machine learning, computer vision, sensor 

networks, and predictive analytics have significantly improved automated surveillance capabilities for public safety 

management. This review presents an intelligent deep learning framework for violence detection and criminal activity 

identification in smart surveillance systems by analyzing recent developments in convolutional neural networks (CNNs), 3D-

CNNs, ConvLSTM architectures, transfer learning, optimization techniques, and sensor-based monitoring systems. The 

framework integrates video analytics, spatiotemporal feature extraction, facial recognition, object detection, anomaly detection, 

and predictive threat analysis into a unified intelligent surveillance ecosystem. Furthermore, the study highlights the role of real-

time monitoring, smart city technologies, and intelligent decision-support systems in improving public security operations. The 

review indicates that deep learning-based surveillance frameworks significantly improve violence detection accuracy, reduce 

false alarms, enhance predictive threat identification, and support automated emergency response systems in modern smart 

environments. 

Keywords— Violence Detection, Smart Surveillance Systems, Deep Learning, Criminal Activity Identification, Computer Vision, 

CNN, ConvLSTM, Predictive Analytics, Smart Cities, Intelligent Surveillance.

 

 I. INTRODUCTION 

 
The increasing growth of urban populations, public gatherings, 

and smart city infrastructures has created significant challenges 

for maintaining public safety and preventing criminal activities. 

Surveillance systems are widely used in public places such as 

transportation hubs, shopping centers, educational institutions, 

stadiums, and urban streets to monitor suspicious activities and 

improve security management. However, traditional 

surveillance systems largely depend on human operators for 

monitoring and analyzing surveillance footage, which often 

leads to delayed responses, human errors, and inefficient threat 

detection. 

 

Recent advancements in artificial intelligence, deep learning, 

computer vision, and machine learning have transformed 

traditional surveillance systems into intelligent automated 

security frameworks capable of real-time violence detection 

and criminal activity identification. Intelligent surveillance 

systems can automatically analyze visual data, recognize 

suspicious behaviors, detect violent interactions, and generate 

real-time alerts for law enforcement and security agencies. 

Violence detection has become one of the most important 

applications of intelligent surveillance because violent 

incidents pose serious threats to public safety and social 

stability. Detecting violent behavior in crowded and dynamic 

environments is a highly challenging task due to variations in 

lighting conditions, crowd density, camera angles, object 

occlusions, and rapid human movements. Therefore, advanced 

deep learning architectures are increasingly utilized to improve 

violence detection performance and surveillance reliability. 

 

Convolutional Neural Networks (CNNs), 3D-CNNs, Long 

Short-Term Memory (LSTM) networks, ConvLSTM models, 

transfer learning approaches, and hybrid deep learning 

frameworks have demonstrated strong capabilities in extracting 

spatial and temporal features from surveillance videos. These 

intelligent models effectively capture motion patterns, human 

interactions, object behaviors, and abnormal activities within 

complex surveillance environments. 

 

Modern smart surveillance systems also integrate sensor 

networks, Internet of Things (IoT) devices, big data analytics, 

and intelligent decision-support systems to improve real-time 
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monitoring and predictive threat analysis. Sensor-based 

surveillance architectures enable efficient crowd monitoring, 

emergency response coordination, and automated public safety 

management in smart city environments. 

 

Furthermore, predictive analytics and optimization-based 

machine learning techniques are increasingly applied to 

enhance surveillance intelligence. Optimization algorithms, 

anomaly detection models, and predictive threat analysis 

frameworks help reduce false alarms, improve classification 

accuracy, and support proactive crime prevention strategies. 

Recent research also emphasizes the importance of integrating 

facial recognition, object detection, behavioral analytics, and 

transfer learning into intelligent surveillance ecosystems. These 

technologies improve criminal suspect identification, 

suspicious activity analysis, and real-time incident 

management in large-scale public surveillance systems. 

 

Despite substantial progress in intelligent surveillance research, 

many existing systems still face challenges related to 

computational complexity, scalability, real-time processing, 

false detections, environmental variations, and integration of 

multi-source surveillance data. Furthermore, limited studies 

provide comprehensive frameworks integrating deep learning, 

sensor intelligence, optimization techniques, predictive 

analytics, and automated decision-support systems for violence 

detection and criminal activity identification. 

 

Therefore, this review focuses on analyzing recent 

advancements in intelligent deep learning frameworks for 

violence detection and criminal activity identification in smart 

surveillance systems, emphasizing predictive analytics, 

automated security monitoring, and intelligent public safety 

management. 

 

II. LITERATURE REVIEW 
 

The rapid growth of intelligent surveillance systems and 

artificial intelligence technologies has significantly 

transformed crime prevention and violence detection 

mechanisms in modern smart environments. Deep learning, 

computer vision, machine learning, and sensor-based analytics 

are increasingly utilized for detecting violent behavior, 

identifying criminal suspects, and improving public safety in 

surveillance applications. Recent studies focus on integrating 

spatiotemporal analysis, convolutional neural networks 

(CNNs), recurrent neural networks (RNNs), transfer learning, 

and optimization-based feature extraction techniques to 

improve the accuracy and reliability of violence detection 

systems in real-time scenarios. 

1. Deep Learning and Computer Vision Techniques for 

Violence Detection 

Deep learning and computer vision techniques have become 

highly effective for automated violence detection and criminal 

activity analysis in surveillance environments. Sandhya, 

Balasundaram, and Shaik (2023) proposed a deep learning-

based framework for face detection and criminal suspect 

identification. Their study demonstrated that convolutional 

neural networks and facial recognition systems significantly 

improve criminal identification accuracy and surveillance 

intelligence in public security applications. 

 

Boukabous and Azizi (2023) developed an image and video-

based crime prediction framework using object detection and 

deep learning techniques. Their findings revealed that deep 

learning models effectively analyze suspicious activities, object 

movements, and crime-related patterns from surveillance 

footage, thereby improving predictive security monitoring. 

 

Min Ullah et al. (2019) proposed a violence detection 

framework using spatiotemporal features and 3D convolutional 

neural networks (3D-CNNs). Their study highlighted that 3D-

CNN architectures effectively capture motion dynamics and 

temporal variations in surveillance videos, leading to improved 

violence detection performance. 

 

Sudhakaran and Lanz (2017) introduced a convolutional Long 

Short-Term Memory (ConvLSTM) approach for violent video 

detection. Their framework demonstrated that integrating 

CNNs with LSTM architectures enhances sequential video 

analysis and improves recognition of violent activities in 

complex surveillance environments. 

 

Accattoli et al. (2020) further combined 3D convolutional 

neural networks with support vector machines (SVMs) for 

violence detection in videos. Their hybrid approach improved 

classification accuracy and reduced false detections by 

integrating deep feature extraction with machine learning 

classification methods. 

 

These studies collectively demonstrate that deep learning 

architectures such as CNNs, 3D-CNNs, ConvLSTMs, and 

hybrid machine learning models significantly improve violence 

detection accuracy, video analysis capabilities, and automated 

surveillance intelligence. 
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Figure 1: Deep Learning-Based Violence Detection and 

Criminal Identification Framework 

 

This figure 1 illustrates a deep learning surveillance framework 

integrating face detection, object detection, spatiotemporal 

feature extraction, 3D convolutional neural networks (3D-

CNN), ConvLSTM architectures, and support vector machines 

(SVMs) for violence detection and criminal suspect 

identification. The framework demonstrates how intelligent 

video analytics improves violent activity recognition, 

suspicious behavior analysis, and automated surveillance 

accuracy in public security environments. 

 

2. Sensor Networks, Smart Surveillance, and Real-Time 

Violence Monitoring 

Modern smart city environments increasingly utilize sensor 

networks, intelligent surveillance systems, and real-time 

monitoring frameworks to improve public safety and violence 

prevention. Baba et al. (2019) proposed a sensor network-based 

approach for violence detection in smart cities using deep 

learning techniques. Their study demonstrated that integrating 

sensor networks with intelligent analytics enhances real-time 

violence monitoring and improves emergency response 

systems in urban environments. 

 

Vijeikis, Raudonis, and Dervinis (2022) developed an efficient 

violence detection framework for surveillance systems. Their 

research focused on improving computational efficiency and 

detection accuracy for real-time surveillance applications, 

highlighting the importance of lightweight intelligent 

monitoring systems in practical deployment environments. 

 

Fenil et al. (2019) proposed a real-time violence detection 

framework for football stadium environments using big data 

analytics and bidirectional Long Short-Term Memory (Bi-

LSTM) networks. Their findings indicated that integrating big 

data processing with deep sequential learning improves crowd 

behavior analysis, violence prediction, and event security 

management. 

 

Zhou et al. (2018) investigated violence detection in 

surveillance videos using low-level visual features. Their study 

demonstrated that motion analysis, object behavior tracking, 

and low-level feature extraction contribute significantly to 

identifying violent interactions in crowded public 

environments. 

 

Rafsanjani and Kabir (2022) further explored violent human 

behavior detection using machine learning techniques and 

highlighted that automated surveillance systems can 

significantly support law enforcement agencies by improving 

early detection of suspicious activities and violent incidents. 

These studies collectively indicate that sensor-based 

monitoring, real-time surveillance analytics, smart city 

technologies, and intelligent crowd monitoring systems 

significantly enhance violence detection efficiency, public 

safety management, and automated threat identification. 

 

  
Figure 2: Smart Surveillance and Real-Time Violence 

Monitoring Framework for Public Safety 

 

This figure 2 presents a smart surveillance framework 

integrating sensor networks, CCTV systems, crowd monitoring 

analytics, low-level motion feature extraction, big data 

processing, and bidirectional LSTM (Bi-LSTM) networks for 

real-time violence detection. The framework demonstrates how 

intelligent monitoring systems improve crowd behavior 

analysis, threat identification, emergency response 

management, and public safety operations in smart city 

environments. 

 

3. Machine Learning Optimization, Transfer Learning, and 

Intelligent Predictive Surveillance Systems 

Recent advancements in machine learning optimization, 

transfer learning, and intelligent predictive analytics have 

significantly improved the performance of automated 

surveillance and violence detection systems. Naik and 

Gopalakrishna (2022) proposed an automated violence 

detection framework using spider monkey-grasshopper 

optimization-oriented feature selection combined with deep 

neural networks. Their study demonstrated that optimization-

based feature selection techniques improve classification 

accuracy and reduce computational complexity in video 

surveillance systems. 

 

Mumtaz, Sargano, and Habib (2018) introduced a transfer 

learning-based deep network framework for violence detection 

in surveillance videos. Their findings revealed that transfer 

learning significantly improves model generalization and 
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detection performance when training datasets are limited or 

highly variable. 

 

Prakash and Saleena (2025) emphasized that intelligent 

predictive analytics and deep learning techniques can 

effectively identify complex temporal patterns, behavioral 

anomalies, and hidden relationships within large-scale visual 

datasets. Modern intelligent surveillance systems increasingly 

integrate machine learning, predictive analytics, and automated 

decision-support systems to improve crime prevention and 

public safety management. 

 

Recent intelligent surveillance frameworks also focus on 

integrating real-time analytics, anomaly detection, 

optimization algorithms, behavioral analysis, and predictive 

threat modeling into comprehensive smart surveillance 

ecosystems. These systems enable law enforcement agencies 

and security organizations to improve incident response time, 

reduce false alarms, and enhance public security operations in 

complex urban environments. 

 

Despite substantial advancements in violence detection and 

intelligent surveillance research, existing literature still lacks a 

comprehensive predictive surveillance framework that 

integrates deep learning architectures, sensor networks, transfer 

learning, optimization techniques, spatiotemporal analysis, and 

intelligent decision-support systems into a unified real-time 

violence detection environment. Furthermore, limited studies 

directly evaluate how intelligent surveillance systems improve 

predictive threat analysis, emergency response efficiency, and 

public safety management in large-scale real-world 

environments. 

 

Therefore, there remains a strong need for integrated intelligent 

surveillance frameworks capable of combining deep learning, 

predictive analytics, sensor intelligence, optimization methods, 

and automated decision-support systems to improve violence 

detection accuracy and support smart public security 

management in modern surveillance applications. 

 

 
Figure 3: Intelligent Predictive Surveillance and Optimized 

Violence Detection Framework 

 

This figure 3 depicts an intelligent predictive surveillance 

framework integrating optimization-based feature selection, 

transfer learning models, deep neural networks, predictive 

analytics, anomaly detection systems, and automated decision-

support mechanisms for violence detection. The framework 

illustrates how intelligent surveillance technologies improve 

predictive threat analysis, classification accuracy, security 

decision-making, and large-scale public security management 

in modern surveillance systems. 

 

Recent studies by U. Singh and co-authors have focused 

extensively on artificial intelligence, deep learning, machine 

learning, computer vision, cybersecurity, and healthcare 

applications. Nagar and Singh (2025) proposed an AI-powered 

secure soccer penalty detection and performance 

recommendation system, while Shakyawar and Singh (2024) 

developed a deep learning model for facial expression 

recognition in crowds. Prajapati et al. (2023) and Patel and 

Singh (2023) worked on gender and age recognition using deep 

learning techniques. Gupta et al. (2023) and Baghel et al. 

(2022) focused on human face mask recognition using ResNet 

and OpenCV-based deep learning approaches. Vishwakarma et 

al. (2023) introduced an EfficientNetB3-based brain tumor 

segmentation and detection framework, whereas Singh and 

Songare (2022) developed a GoogLeNet-based monkeypox 

detection model. Research by Ranjan et al. (2022) explored 

cancer prediction using Random Forest and deep learning 

techniques. In recommendation systems, Singh et al. (2023) 

proposed a job recommendation model using machine learning 

and deep learning, while Taiwade et al. (2022) implemented a 

hierarchical K-means clustering approach for friend 

recommendation systems. Ray and Singh (2023) applied 

Hybrid Task Cascade Region-Based CNN for cricket score 

analysis. In cybersecurity and networking, Waskle et al. (2020) 

proposed an intrusion detection system using PCA with 

Random Forest, and Nihale et al. (2020) developed an LSTM-

based network traffic prediction model. Additionally, Saxena et 

al. (2020) presented a CNN-based glaucoma detection system, 

while Bamne et al. (2020) explored transfer learning-based 

object detection using convolutional neural networks. Rajput et 

al. (2023) also conducted a comparative study of cloud 

providers including Azure, Amazon, and Oracle based on 

service availability and pricing. 

 

Table 1. Literature Review 

Ref. 

No. 

Techniques / 

Methods Used 

Key Findings Research Gap 

1 Deep 

Learning, 

CNN 

Improved 

suspect 

identification 

accuracy in 

surveillance 

Limited real-

time 

deployment 

analysis 
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2 Object 

Detection, 

Deep Learning 

Effective 

suspicious 

activity 

prediction 

High 

computational 

complexity 

3 Sensor 

Networks, 

Deep Learning 

Enhanced smart 

city violence 

monitoring 

Limited 

scalability in 

crowded areas 

4 Video 

Surveillance 

Analytics 

Improved 

detection 

efficiency 

Limited 

predictive 

analytics 

integration 

5 3D-CNN Improved 

motion-based 

violence 

recognition 

High training 

complexity 

6 Motion 

Features, 

Video 

Analytics 

Effective 

interaction 

analysis 

Reduced 

accuracy in 

complex 

environments 

7 Machine 

Learning 

Automated 

violent activity 

recognition 

Limited deep 

learning 

integration 

8 Deep Learning Enhanced 

violent 

interaction 

analysis 

Limited real-

time 

processing 

9 3D-CNN, 

SVM 

Improved 

classification 

accuracy 

Limited 

scalability for 

large datasets 

10 Optimization, 

Deep Neural 

Networks 

Improved 

feature selection 

and 

classification 

Computational 

overhead 

11 Transfer 

Learning, 

Deep 

Networks 

Improved model 

generalization 

Dataset 

dependency 

issues 

12 ConvLSTM Enhanced 

temporal 

behavior 

recognition 

Limited 

multimodal 

analytics 

13 Big Data, Bi-

LSTM 

Improved crowd 

monitoring and 

prediction 

Limited 

generalized 

surveillance 

application 

14 AI, Video 

Analytics 

Improved sports 

activity analysis 

Not focused 

on public 

surveillance 

15 Deep Learning Improved crowd 

emotion analysis 

Limited 

violence 

classification 

16 Deep Learning Improved 

biometric 

recognition 

Limited 

behavioral 

analytics 

17 ResNet-152 Accurate face 

mask 

identification 

Limited 

surveillance 

integration 

18 Machine 

Learning, 

Deep Learning 

Improved 

recommendation 

accuracy 

Non-

surveillance 

application 

19 EfficientNetB3 High medical 

image 

classification 

accuracy 

Healthcare-

specific 

application 

20 Hybrid Task 

Cascade 

RCNN 

Improved sports 

analytics 

Limited real-

time violence 

monitoring 

21 Cloud 

Computing 

Analytics 

Service 

comparison and 

optimization 

Not related to 

surveillance 

intelligence 

22 Deep Learning Improved 

demographic 

recognition 

accuracy 

Limited 

criminal 

activity 

prediction 

23 GoogLeNet Improved 

disease detection 

accuracy 

Medical 

application 

only 

 

III. RESEARCH GAP 
 

Although significant research has been conducted on intelligent 

surveillance systems, violence detection, and criminal activity 

identification, several important research gaps remain in the 

existing literature. 

 

First, many traditional surveillance systems still rely on manual 

video monitoring and conventional image processing 

techniques that are insufficient for handling complex real-time 

violence detection scenarios in crowded public environments. 

Second, while deep learning architectures such as CNNs, 3D-

CNNs, LSTMs, and ConvLSTM networks have improved 

violence detection performance, many existing studies focus 

primarily on classification accuracy without adequately 

addressing real-time deployment challenges, computational 

efficiency, and scalability. 

 

Third, limited research integrates facial recognition, object 

detection, anomaly analysis, sensor networks, IoT devices, and 
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predictive threat analytics into a unified intelligent surveillance 

framework capable of supporting smart city security 

management. 

 

Fourth, many current surveillance systems struggle to handle 

environmental challenges such as poor lighting conditions, 

camera motion, occlusion, background noise, crowd density 

variations, and low-quality video streams, leading to false 

detections and reduced reliability. 

 

Fifth, limited studies explore optimization-based feature 

selection techniques, transfer learning approaches, and hybrid 

deep learning frameworks for improving violence detection 

efficiency and reducing computational complexity. 

 

Sixth, existing predictive surveillance systems often lack 

intelligent decision-support capabilities required for automated 

emergency response, proactive threat management, and large-

scale public security operations. 

 

Seventh, many surveillance frameworks fail to incorporate 

real-time big data analytics, crowd behavior analysis, and 

adaptive learning mechanisms necessary for continuous 

security monitoring in dynamic urban environments. 

 

Eighth, there is limited research focusing on explainability, 

transparency, and ethical considerations in AI-based 

surveillance systems, especially regarding privacy protection, 

fairness, and responsible use of intelligent surveillance 

technologies. 

 

Finally, existing literature rarely provides a comprehensive 

review integrating deep learning architectures, sensor 

intelligence, predictive analytics, optimization techniques, and 

smart surveillance technologies into a unified framework for 

violence detection and criminal activity identification. 

 

Therefore, this review addresses these gaps by analyzing 

intelligent deep learning frameworks, predictive surveillance 

architectures, sensor-based monitoring systems, and advanced 

AI techniques for improving violence detection accuracy and 

supporting smart public safety management. 

 

IV. CONCLUSION 
 

Intelligent surveillance systems powered by deep learning, 

machine learning, computer vision, and predictive analytics 

have significantly transformed modern public safety and 

criminal activity monitoring frameworks. The increasing 

complexity of urban environments and rising security 

challenges require advanced automated systems capable of 

detecting violent activities, identifying criminal suspects, and 

supporting proactive threat management in real time. 

 

This review presented an intelligent deep learning framework 

for violence detection and criminal activity identification in 

smart surveillance systems by analyzing recent developments 

in CNNs, 3D-CNNs, ConvLSTM architectures, transfer 

learning models, sensor networks, predictive analytics, and 

optimization-based surveillance techniques. The study 

highlighted the importance of integrating video analytics, 

spatiotemporal feature extraction, anomaly detection, facial 

recognition, and intelligent monitoring systems into 

comprehensive surveillance ecosystems. 

 

The literature demonstrates that deep learning-based 

surveillance systems significantly improve violence detection 

accuracy, reduce false alarms, enhance crowd behavior 

analysis, and support intelligent public safety operations. 

Furthermore, integrating IoT devices, sensor networks, 

predictive analytics, and automated decision-support systems 

enhances real-time threat identification and emergency 

response efficiency in smart city environments. 

 

The proposed review contributes to both academic research and 

practical surveillance management by bridging the gap between 

traditional monitoring systems and intelligent predictive 

surveillance technologies. It provides a comprehensive 

understanding of modern violence detection frameworks, 

predictive analytics models, and intelligent security 

architectures for public safety enhancement. 

 

Overall, intelligent surveillance frameworks integrating deep 

learning, predictive analytics, sensor intelligence, and 

automated security management technologies offer substantial 

potential for improving violence detection reliability, public 

security efficiency, and smart city safety management in future 

intelligent environments. 

 

Future Work 

Future research can extend intelligent surveillance and violence 

detection systems in several important directions. First, future 

studies can focus on developing lightweight and 

computationally efficient deep learning architectures suitable 

for real-time deployment on edge devices and resource-

constrained surveillance systems. 

 

Second, integrating advanced artificial intelligence 

technologies such as transformer-based architectures, graph 

neural networks, reinforcement learning, federated learning, 

and explainable AI (XAI) can further improve violence 
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detection performance, interpretability, and adaptive learning 

capabilities. 

 

Third, future frameworks may incorporate multimodal 

surveillance data including audio signals, biometric sensors, 

thermal imaging, drone surveillance, and IoT-based 

environmental monitoring to strengthen predictive threat 

analysis and public safety intelligence. 

 

Fourth, integrating real-time crowd behavior analytics, 

anomaly detection systems, social media intelligence, and 

predictive crime analytics can support proactive security 

management and large-scale urban surveillance operations. 

 

Fifth, additional research is needed to improve privacy 

preservation, ethical AI implementation, fairness, and 

transparency in intelligent surveillance systems to ensure 

responsible deployment in public environments. 

 

Sixth, future studies can focus on developing cloud-edge hybrid 

surveillance architectures capable of supporting scalable real-

time analytics, distributed security monitoring, and intelligent 

emergency response coordination in smart cities. 

 

Finally, future research may aim to develop fully autonomous 

intelligent surveillance ecosystems integrating violence 

detection, criminal identification, predictive threat modeling, 

emergency response systems, and smart public safety 

management into comprehensive AI-driven urban security 

platforms. 
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