
223

Electronics Science Technology and Application (2025) Volume 12 Issue 1 ISSN: 2424-8460(O)
                              2251-2608(P)

OOrriiggiinnaall  RReesseeaarrcchh  AArrttiiccllee  

Application research of image signal processing based on deep learning in 
security monitoring
Xintian Wang   

Xi’an FanYi University, Xi ‘an, Shaanxi Province, 710105, China

Abstract: With the growing demand for security monitoring, traditional image signal processing methods are 
facing challenges in terms of accuracy and efficiency. The development of deep learning technology has brought 
new opportunities for the application of image signal processing in security monitoring. This paper deeply 
studies the application of deep learning in signal processing of security monitoring images, including target 
detection, behavior recognition, image enhancement and so on. This paper analyzes the advantages of deep 
learning algorithm in processing security monitoring images, such as adaptability to complex scenes and efficient 
processing of large amounts of data. At the same time, it also discusses the problems it faces, such as data privacy, 
computing resource consumption, etc., and looks forward to the future development trend.
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With the rapid development of social economy, the role of security monitoring in maintaining public safety 
has become increasingly prominent. Traditional image signal processing methods have many limitations in the 
face of complex environment, such as illumination change, occlusion, and target detection and recognition in 
high-density crowd scenes. With its powerful feature extraction capability, deep learning technology has brought 
a revolutionary breakthrough for image signal processing. It can automatically learn multi-level features of 
images, significantly improving the accuracy of object detection, face recognition, and behavior analysis. Based 
on this, this paper aims to explore the application of deep learning in security monitoring image signal processing, 
analyze its advantages and challenges, and put forward optimization strategies, in order to provide theoretical 
support and technical reference for building a more efficient and intelligent security system.

1. Overview of deep learning and image signal processing
1.1. Development of deep learning

Deep learning is an important branch of the field of artificial intelligence, which has made great progress in 
recent years. It is based on neural networks, trained on a large amount of data, and can automatically learn the 
feature representation in the data. From simple neural networks in the early days to complex structures such as 
deep convolutional neural networks today, deep learning has shown excellent performance in many fields such as 
image recognition and speech recognition. In the aspect of image signal processing, deep learning can dig deep 
features in images, which is of great significance for complex image analysis in security monitoring.

1.2. Connotation of image signal processing

The purpose of image signal processing is to collect, transform, analyze and process image signals to 
improve image quality and extract useful information. Traditional image signal processing methods include 
filtering, edge detection, morphological processing and so on. However, these methods have certain limitations in 
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the face of complex scenarios in security monitoring. For example, the treatment of low light, occlusion, and so 
on is not good. Deep learning can overcome these limitations by learning large amounts of image data to provide 
more accurate and robust image signal processing solutions.

1.3. Advantages of deep learning in image signal processing

Deep learning has obvious advantages in image signal processing. It has a strong feature learning ability 
and can automatically learn effective feature representations from a large number of image data without manual 
feature engineering. Deep learning models have good adaptability to complex scenes and changes, and can 
process images under different lighting, angles, occlusion, etc. With the development of hardware technology, 
deep learning algorithms can use parallel computing and other technologies to improve the processing speed and 
meet the real-time requirements of security monitoring[1].

2. The application of deep learning in security monitoring image signal processing
2.1. Target detection

Object detection is one of the important tasks in security monitoring, which aims to identify specific targets 
in images, such as people, vehicles, etc. Object detection algorithms in deep learning, such as Faster R-CNN, 
YOLO, etc., have achieved good results in security monitoring images. These algorithms use convolutional 
neural networks to extract features from images, and then use classifiers and regressors to determine the category 
and location of targets. In actual security monitoring scenarios, such as airports, stations and other public places, 
suspicious people and items can be quickly and accurately detected to improve security capabilities.

2.2. Behavior recognition

Behavior recognition is a technique to analyze and recognize human behavior in surveillance images. Deep 
learning can analyze successive image frames to extract the action features of a person to identify different 
behaviors such as walking, running, fighting, and so on. By constructing a deep neural network model and using 
long short-term memory network (LSTM) and other structures to process time series information in video, the 
accuracy of behavior recognition can be improved. In security monitoring, behavior recognition can be used to 
monitor the order of public places, timely detection of abnormal behavior and early warning.

2.3. Image enhancement

In security monitoring, image enhancement technology can improve the quality of images for better 
subsequent analysis and processing. Techniques such as generative adversarial networks (Gans) in deep learning 
can be used for image enhancement. For example, in low light conditions, Gans can generate enhanced images, 
improving the brightness and sharpness of the image, making the object more legible. Deep learning can also be 
used for image denoising, fog removal and other processing to improve the visual effect of security monitoring 
images[2].

3. The challenges faced by deep learning in security monitoring image signal 
processing
3.1. Data privacy issues

Security monitoring involves a large amount of image data, which contains personal privacy information. 
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The training of deep learning models requires the use of a large amount of data, which can easily lead to data 
privacy disclosure if not strictly managed in the process of data collection, storage and use. For example, 
unauthorized use of surveillance image data for training of deep learning models, or theft of data during 
transmission. Therefore, it is necessary to establish a sound data privacy protection mechanism to ensure the 
legitimate use of security monitoring image data.

3.2. Computing resource consumption

Deep learning models typically require significant computational resources for training and reasoning. In 
security monitoring systems, especially large-scale monitoring networks, to deploy deep learning algorithms, 
powerful computing devices, such as high-performance GPU servers, are needed. This not only increases the cost 
of hardware, but also presents challenges in terms of energy consumption. For some resource-limited security 
monitoring equipment, such as small cameras, it is difficult to directly run complex deep learning algorithms, 
and algorithm optimization or edge computing and other technologies are needed to reduce the demand for 
computing resources[3].

3.3. Accuracy and robustness of the model

Although deep learning has achieved good results in signal processing of security monitoring images, there 
are still problems in model accuracy and robustness. In complex security monitoring scenarios, such as severe 
occlusion and extreme weather, the accuracy of model detection and recognition may decline. Moreover, the 
robustness of deep learning models is also put to the test when faced with adversarial attacks. For example, an 
attacker can make the model make a wrong judgment by adding tiny disturbances to the image. Therefore, it 
is necessary to continuously improve the model structure and training methods to improve the accuracy and 
robustness of the model.

4. The development trend of deep learning in security monitoring image signal 
processing
4.1. Lightweight model

In order to solve the problem of computing resource consumption, one of the future development trends is 
to develop lightweight deep learning models. These models have smaller model sizes and lower computational 
complexity while maintaining better performance. For example, through model compression techniques, such as 
pruning, quantization, etc., the number of parameters in the model can be reduced, thus reducing the demand for 
computing resources. Researchers are also exploring new network architectures, such as the use of lightweight 
networks such as MobileNet in security monitoring, to enable deep learning algorithms to run on more resource-
constrained devices[4].

4.2. Multi-modal fusion

Information sources in security monitoring are not only images, but also sound, infrared and other modes of 
information. In the future, deep learning will develop in the direction of multi-mode fusion, fusing image signals 
with signals from other modes. For example, combining image and sound information can more comprehensively 
analyze the situation in a surveillance scene, improving the accuracy of object detection and behavior recognition. 
By constructing a multi-modal deep learning model, the complementarity between different modal information 
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can be fully utilized to provide more powerful analytical capabilities for security monitoring.

4.3. Application of federated learning

In order to solve the problem of data privacy, federal learning will have more applications in the signal 
processing of security surveillance images. Federated learning allows different security monitoring devices to 
train a deep learning model together without sharing raw data. Each device only needs to upload the parameters 
of the local model to the central server for aggregation, and does not need to upload the original image data. In 
this way, we can make full use of the data of each device to train the model and improve the performance of the 
model while protecting the data privacy[5].

5. Conclusion
Deep learning has a wide application prospect in security monitoring image signal processing. It provides 

powerful technical support for the tasks of target detection, behavior recognition and image enhancement in 
security monitoring. However, in the process of application, it also faces many challenges such as data privacy, 
computing resource consumption, model accuracy and robustness. With the continuous development of 
technology, lightweight models, multi-modal fusion and federated learning will become the future development 
trends. By addressing these challenges and actively exploring new development directions, deep learning will 
further improve the level of security monitoring image signal processing and provide more effective technical 
means to ensure social security. Relevant enterprises and research institutions also need to strengthen cooperation 
to jointly promote the healthy development of deep learning in the field of security monitoring, and ensure the 
legal use of data and the protection of personal privacy in improving the efficiency and accuracy of security 
monitoring.
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