Journal of Artificial Intelligence Research and Applications
By Scientific Research Center, London 124

Edge Computing for Real-time Vision Applications: Investigating edge
computing techniques for real-time vision applications, including

object detection and surveillance systems

By Dr. Soo-Yeon Oh

Professor of Computer Science, Yonsei University, South Korea

Abstract

Edge computing has emerged as a promising paradigm for enabling real-time processing and
analysis of data generated by devices at the network edge. In the context of vision
applications, such as object detection and surveillance systems, the need for low latency and
efficient utilization of network resources makes edge computing a compelling solution. This
paper provides an overview of edge computing techniques tailored for real-time vision
applications. We discuss the challenges and opportunities in implementing edge computing
for vision tasks and review existing approaches and frameworks. Additionally, we present a
comparative analysis of these techniques based on their performance, scalability, and resource
efficiency. Our findings suggest that edge computing can significantly enhance the
performance of real-time vision applications by offloading computational tasks to edge
devices, reducing latency, and improving scalability. We conclude with future research

directions and open challenges in the field.
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1. Introduction

The proliferation of Internet of Things (IoT) devices and the exponential growth of data
generated at the network edge have posed significant challenges to traditional cloud-based

processing systems. In response, edge computing has emerged as a promising paradigm for
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enabling real-time processing and analysis of data at the edge of the network, closer to where
it is generated. This shift in computing paradigm is particularly relevant in the context of
vision applications, such as object detection and surveillance systems, where low latency and

efficient utilization of network resources are crucial.
Background and Motivation

Real-time vision applications, such as surveillance systems and autonomous vehicles, require
quick decision-making based on the analysis of visual data. Traditional cloud-based
processing models introduce latency due to the need to transmit data to remote servers for
analysis. Edge computing aims to mitigate this latency by processing data locally on edge
devices, thereby enabling faster response times and reducing the dependency on centralized

cloud infrastructure.
Scope of the Paper

This paper focuses on investigating edge computing techniques for real-time vision
applications, with a specific emphasis on object detection and surveillance systems. We
discuss the challenges and opportunities in implementing edge computing for vision tasks
and review existing approaches and frameworks. Additionally, we present a comparative

analysis of these techniques based on their performance, scalability, and resource efficiency.

2. Edge Computing for Real-time Vision Applications
Overview of Edge Computing

Edge computing is a distributed computing paradigm that brings computation and data
storage closer to the location where it is needed, reducing latency and bandwidth usage. In
the context of real-time vision applications, edge computing involves deploying computing
resources, such as servers or specialized edge devices, at the network edge, where data is
generated. This enables faster processing of visual data and quicker response times for vision-

related tasks.

Importance of Edge Computing in Real-time Vision
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Real-time vision applications, such as object detection and surveillance systems, require rapid
processing of visual data to detect objects, track movements, and make informed decisions.
Traditional cloud-based processing models introduce latency, which can be detrimental in
time-critical scenarios. Edge computing offers a solution by allowing data to be processed

locally, reducing the time taken to transmit data to remote servers and back.
Challenges in Implementing Edge Computing for Vision Tasks

Despite its benefits, implementing edge computing for real-time vision applications poses
several challenges. One major challenge is the limited computational resources available at
the edge, which may restrict the complexity of vision algorithms that can be deployed.
Additionally, ensuring the security and privacy of visual data processed at the edge is crucial,
as edge devices are more vulnerable to attacks compared to centralized cloud servers.
Scalability is another challenge, as the number of edge devices and the volume of visual data

generated continue to increase.

3. Edge Computing Techniques for Real-time Vision
Computational Offloading

Computational offloading is a key technique in edge computing for real-time vision
applications. It involves offloading computationally intensive tasks, such as object detection
and image recognition, from edge devices to more powerful servers or cloud infrastructure.
By offloading these tasks, edge devices can conserve resources and reduce latency, enabling

faster response times for vision-related tasks.
Edge-based Model Inference

Edge-based model inference involves deploying machine learning models, such as deep
neural networks, directly on edge devices for real-time vision tasks. These models are trained
to perform specific vision tasks, such as object detection or image classification, and can
operate locally on edge devices without the need for continuous communication with remote
servers. This approach reduces latency and bandwidth usage, making it ideal for real-time

vision applications.
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Edge-based Data Processing

Edge-based data processing involves processing visual data locally on edge devices before
transmitting it to remote servers. This can include tasks such as image preprocessing, feature
extraction, and data compression. By processing data at the edge, unnecessary data

transmission can be avoided, reducing latency and bandwidth usage.
Edge-based Data Storage

Edge-based data storage involves storing visual data locally on edge devices for future
analysis or reference. This can include storing preprocessed data, intermediate results, or
metadata related to visual data. By storing data at the edge, the need to repeatedly transmit

data to remote servers for storage can be reduced, improving efficiency and reducing latency.

4. Frameworks and Platforms for Edge Computing in Vision
TensorFlow Lite for Edge Computing

TensorFlow Lite is a lightweight version of Google's TensorFlow framework designed for
mobile and edge devices. It allows developers to deploy machine learning models, including
those for real-time vision tasks, on edge devices with limited computational resources.
TensorFlow Lite supports hardware acceleration, such as GPU and TPU, to improve

performance on edge devices, making it suitable for real-time vision applications.
OpenCV for Edge-based Vision Processing

OpenCV (Open Source Computer Vision Library) is a popular open-source library for
computer vision tasks. It provides a wide range of functions and algorithms for image
processing, object detection, and feature extraction. OpenCV can be used on edge devices to
perform vision tasks locally, without the need for continuous connectivity to remote servers.
Its modular design and extensive documentation make it a valuable tool for implementing

edge-based vision processing.

NVIDIA Jetson for Edge-based Inference
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NVIDIA Jetson is a series of embedded computing platforms designed for Al and computer
vision applications. Jetson devices are equipped with powerful GPUs and support for CUDA,
allowing developers to deploy complex machine learning models for real-time vision tasks.
Jetson devices can be used for edge-based inference, enabling low-latency processing of visual

data directly on the device.

5. Performance Evaluation and Comparative Analysis
Metrics for Performance Evaluation

Performance evaluation of edge computing techniques for real-time vision applications can
be based on several metrics, including latency, throughput, resource utilization, and accuracy.
Latency refers to the time taken to process a single frame of visual data, while throughput
measures the number of frames processed per unit time. Resource utilization quantifies the
efficiency of resource usage, such as CPU and memory, while accuracy evaluates the

performance of vision tasks, such as object detection or image classification.
Comparative Study of Edge Computing Techniques

A comparative study of edge computing techniques for real-time vision applications can
highlight the strengths and weaknesses of each approach. For example, computational
offloading may reduce latency but increase bandwidth usage, while edge-based model
inference may improve resource efficiency but require more computational resources on edge
devices. By comparing these techniques based on metrics such as latency, throughput,
resource utilization, and accuracy, we can determine the most suitable approach for specific

real-time vision tasks.
Case Studies and Use Cases

Case studies and use cases can provide practical insights into the application of edge
computing techniques for real-time vision applications. For example, a case study of a smart
surveillance system deployed in a public space can demonstrate how edge computing reduces
latency and improves the overall performance of the system. Similarly, use cases in
autonomous vehicles or industrial automation can showcase the benefits of edge computing

for real-time vision tasks in different scenarios.
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6. Future Research Directions
Improving Resource Efficiency in Edge Computing

One key area for future research is improving the resource efficiency of edge computing
techniques for real-time vision applications. This can involve developing new algorithms and
optimizations to reduce the computational and memory requirements of vision tasks running
on edge devices. Techniques such as model compression, quantization, and sparsity
optimization can help reduce the size of machine learning models, making them more suitable

for deployment on edge devices with limited resources.
Enhancing Security and Privacy in Edge-based Vision Systems

Security and privacy are critical considerations in edge-based vision systems, as they often
involve processing sensitive visual data. Future research can focus on developing secure and
privacy-preserving algorithms for edge-based vision processing, such as encryption, secure
multi-party computation, and differential privacy. These techniques can help protect visual

data from unauthorized access and ensure compliance with data protection regulations.
Integrating Edge Computing with Cloud Services for Scalability

Another area for future research is the integration of edge computing with cloud services to
achieve scalability in real-time vision applications. This can involve developing hybrid edge-
cloud architectures that dynamically offload computation between edge devices and cloud
servers based on workload and resource availability. By seamlessly integrating edge and
cloud resources, scalability can be improved without compromising on latency or resource

efficiency.

7. Conclusion

In this paper, we have explored the use of edge computing for real-time vision applications,
focusing on techniques for object detection and surveillance systems. We discussed the
importance of edge computing in reducing latency and improving efficiency in vision tasks,

as well as the challenges in implementing edge computing for real-time vision.

Journal of Artificial Intelligence Research and Applications
Volume 2 Issue 1
Semi Annual Edition | Jan - June, 2022
This work is licensed under CC BY-NC-SA 4.0.



https://aimlstudies.co.uk/
https://aimlstudies.co.uk/index.php/jaira

Journal of Artificial Intelligence Research and Applications
By Scientific Research Center, London 130

We reviewed various edge computing techniques, including computational offloading, edge-
based model inference, edge-based data processing, and edge-based data storage. We also
discussed frameworks and platforms such as TensorFlow Lite, OpenCV, and NVIDIA Jetson

that facilitate the implementation of these techniques for real-time vision applications.

Additionally, we presented a performance evaluation and comparative analysis of these
techniques, highlighting the trade-offs in terms of latency, throughput, resource utilization,
and accuracy. We also outlined future research directions, including improving resource
efficiency, enhancing security and privacy, and integrating edge computing with cloud

services for scalability.
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