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Abstract: An increase in IoT devices, intelligent sensors, autonomous systems, and real-time applications has resulted in an increase 

in the amount of data generated at the edge of networks. In addition, cloud-based Artificial Intelligence (AI) solutions frequently have 

shortcomings such as network latency, limited bandwidth, privacy issues, and a requirement for uninterrupted internet connectivity. As 

a result, Edge Artificial Intelligence (Edge AI) becomes a revolutionary computing model that combines AI functionalities within edge 

devices and computing resources. It allows for intelligent data analysis, real-time decisions, and autonomous functions much nearer 

to the place of generating data. This paper provides a systematic review of Edge AI technologies in terms of their concepts, architectures, 

enabling technologies, applications, advantages, drawbacks, and future research perspectives. It is shown that Edge AI is rapidly 

becoming one of the essential technologies for enabling Industry 5.0, smart healthcare, autonomous transportation, smart cities, 

precision agriculture, and intelligent cybersecurity solutions. 

Keywords — Edge AI, Edge Computing, Artificial Intelligence, Internet of Things, Deep Learning, Smart Devices, 

Industry 5.0 

 

 

I. INTRODUCTION 

 

Artificial Intelligence (AI) has turned out to be one of the 

most important technologies facilitating the digital 

transformation. Generally, AI applications use cloud 

computing systems where the information obtained by 

different devices is transferred to central servers to be 

processed and analyzed. Although cloud-based AI offers 

significant computational capacity, there are some 

restrictions caused by communication latencies, high 

bandwidth consumption, privacy issues, and network 

dependencies. 

Due to the increasing number of IoT devices and smart 

applications, new ways of fast data processing are 

required. For example, autonomous cars, smart health 

care systems, industrial automation, and surveillance 

require real-time reactions when any communication 

latencies are unacceptable. As a result, Edge AI is a very 

effective solution allowing intelligence to get closer to 

the information. By definition, Edge AI is the use of 

artificial intelligence algorithms on edge devices like 

smartphones, sensors, cameras, drones, robots, and 

embedded devices instead of transferring raw data to 

remote cloud servers. This way allows reducing 

latencies, enhancing privacy, minimizing bandwidth 

usage, and increasing system reliability.The necessity for 

real-time intelligence and autonomous decision making   

 

 

leads to the growing popularity of the Edge AI researches 

and development works [1], [2]. In this paper, the main 

aspects of Edge AI will be discussed, including its 

definition, architecture, technologies, applications, 

advantages, problems, and perspectives. 
 

II. FUNDAMENTALS OF EDGE AI 

Edge AI is an amalgamation of AI methods with edge 

computing technology to facilitate intelligent processing 

either at the point or close to where the data originates. 

Edge AI uses machine learning, deep learning, embedded 

computing, and communications to provide intelligent 

services without a lot of dependence on cloud computing 

resources [3], [6], [7]. 

 

2.1 Key Characteristics of Edge AI 

Characteristics of Edge AI are: 

• Real-time processing of data 

• Low-latency decision-making 

• Distributed intelligence 

• Lower network dependency 

• Better privacy and security 

 



IPEC Journal of Science & Technology, Vol. 05 (01), June 2026  

ISSN: 2583-3286(Online) 

71 
 

 

• Efficient bandwidth utilization 

• Support for offline operations 

• Energy-efficient computing 

• These characteristics make Edge AI 

particularly suitable for mission-critical 

and latency-sensitive application 

 

III. ARCHITECTURE 

Edge AI’s architecture involves multiple layers 

connected to each other in order to enable intelligent 

computation and communication. 

 

(I) Device Layer 

It encompasses sensors, cameras, wearables, 

smartphones, drones, and machinery that collect data. 

 

(II) Edge Layer 

The edge layer does local computations, AI inference and 

decision making. This helps avoid the need for transfer 

of large amounts of raw data to cloud computing centers. 

 

(III) Network Layer 

The network layer is responsible for communications 

between devices, edge nodes and cloud computing 

centers via technologies like 5G, Wi-Fi and IoT. 

 

(IV) Cloud Layer 

The cloud layer does computations that are resource-

intensive including model training, data storage and 

analysis 

 

 

IV. ENABLING TECHNOLOGIES OF 

EDGE AI 

Various upcoming technologies support the success of 

Edge AI. 

 

4.1 Machine Learning 

 

Algorithms based on machine learning allow devices at 

the edge to predict patterns from data without any form 

of explicit programming. 

4.2 Deep Learning 
 

Convolutional neural networks, recurrent neural 

networks, and transformer-based techniques support 

deep learning, which is used in advanced image 

recognition, speech processing, and prediction. 

 

+--------------------------------------------------+                    

Cloud Layer                            | 

|--------------------------------------------------| 

| Long-term Storage | Model Training  | 

Analytics                                         | 

+-------------------------------------------------+                           

↑ ↓ 

+-------------------------------------------------+|              

Edge Gateway Layer                  | 

|--------------------------------------------------  | 

| Data Aggregation | Model Distribution | 

Security                                | 

+-------------------------------------------------+                     

↑ ↓ 

+-------------------------------------------------+|               

Edge Computing Layer                  | 

|--------------------------------------------------  | 

| AI Inference | Data Processing | Decision                                                   

Making                         | 

+-------------------------------------------------+                         

↑ 

+-------------------------------------------------+|                

Device/Sensor Layer                     | 

|-------------------------------------------------- | 

| Cameras | IoT Sensors | Wearables|                                    

Machines          | 

+-------------------------------------------------+ 
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4.3 Tiny ML 

Tiny Machine Learning supports the deployment of 

lightweight AI algorithms on constrained hardware[5]. 

 

4.4 Edge Computing 

Edge computing allows provision of the necessary 

infrastructure for intelligent processing at the edge of 

computation. 

 

4.5 5G Communication 

5G communication technology facilitates ultra-low 

latency communication, bandwidth, and reliability for 

Edge AI. 

 

 

4.6 AI Accelerators 

Accelerators of artificial intelligence like GPU, TPU, 

NPU, and FPGA processors support computational 

efficiency. 

 

V. APPLICATIONS OF EDGE AI 

 

Edge AI is revolutionizing many industries through the 

provision of real-time intelligence and autonomous 

decision-making capabilities. 

 

 

(A) Healthcare 

Edge AI can be used to provide remote patient monitoring 

services, wearables, analysis of medical images, and 

emergency systems. Local computation will facilitate quick 

diagnosis and improve privacy of patients. 

(B) Smart Cities 

Applications in this field include traffic management 

systems, environmental monitoring systems, surveillance 

systems, waste management, and energy optimization 

systems. 

 (C) Industry 5.0 

Manufacturing companies use Edge AI for predictive 

maintenance, quality inspection, process optimization, and 

robotics[10]. 

(D)Autonomous Vehicles 

Edge AI’s strengths clearly outweigh its weaknesses, but 

solving issues related to limited resources, security, and 

effective model deployment is an important research 

objective. 

 

 

 

 

Comparative Analysis of Cloud AI and Edge AI 

 

S.No Parameter Cloud AI Edge AI 

1 Processing Location Centralized Cloud Servers Edge Devices 

2 Latency High Low 

3 Bandwidth Consumption High Low 

4 Privacy Protection Moderate High 

5 Network Dependency High Low 

6 Real-Time Response Limited Excellent 

7 Offline Operation Not Supported Supported 

8 Scalability High High 
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The comparison clearly indicates that Edge AI provides superior performance for latency-sensitive and privacy-

critical applications. 

 

BENEFITS AND CHALLENGES OF EDGE AI 

Benefits Challenges 

Reduced latency Limited computing resources 

Improved privacy Energy constraints 

Lower bandwidth usage Model optimization difficulties 

Real-time decision-making Security vulnerabilities 

Increased reliability Data management complexity 

Support for autonomous systems Device heterogeneity 

Enhanced user experience Maintenance and updates 

VI. FUTURE SCOPE 

 

Areas of future research in Edge AI include the 

following: 

(i) Federated Learning  

Federated learning allows for model training without 

sharing raw data, thus ensuring privacy and security. 

(ii) Explainable Edge AI 

The creation of interpretable AI models will increase 

trust in critical applications. 

(iii) Tiny ML Optimization 

Optimization algorithms will make it possible to 

implement AI in resource-constrained devices. 

(iv) AI-6G Enabled Networks 

Inclusion of Edge AI into future communication 

networks 6G would be very helpful for increasing real-

time intelligence. 

Secured Edge Intelligence. It is required to conduct 

research to create secured frameworks for protecting 

edge AI systems from cyber-attacks. 

 

VII. CONCLUSION 

 

Edge AI can be seen as one of the most remarkable steps 

towards advanced intelligent computation because this 

type of artificial intelligence brings computing power 

closer to the point where data is generated. Being able to 

analyze data locally, make decisions autonomously, and 

perform computations in real time allows Edge AI to 

overcome many problems faced by cloud-based AI 

systems. From healthcare and smart cities to Industry 5.0,  

 

 

autonomous transportations, agriculture, and even 

cybersecurity – all these areas show the wide social and 

economic importance of Edge AI. Though there still are a 

number of challenges linked to computational power, energy 

efficiency, security, and scalability, new technological 

developments constantly improve this system. 
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