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Abstract 

 

Edge computing helps to reduce cost, as processing 

at the edge eliminates the need to move data to the 

cloud. Furthermore, because data is processed at the 

edge, there is no need to store or transfer it, which 

further increases efficiency and reduces expenses. 

Edge computing is also advantageous from a security 

standpoint because it keeps data and traffic away 

from a centralized server. By processing at the edge, 

businesses avoid the risk of leaving sensitive data in 

a cloud or a single point of failure. Edge computing is 

also designed to be more secure than cloud 

computing, as the connections between the edge 

server and the IoT device are more difficult to 

intercept and exploit. The key benefits of edge 

computing are reduced latency, improved scalability 

and flexibility, improved security, and cost savings. 

With edge computing, businesses can receive faster 

responses and process data more efficiently, without 

the need for a cloud server. Additionally, edge 

computing offers enhanced security features, and 

businesses can save on costly cloud computing costs 

due to the elimination of transferring data. IoT and 

edge computing are two technologies that are 

becoming increasingly important in the modern 

digital economy. 
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Introduction 

 

Edge computing is a computing architecture that 

enables data to be processed directly on the edge 

devices, such as IoT devices and smartphones, without 

the reliance on cloud computing. Edge Computing is an 

efficient alternative to traditional cloud computing as it 

eliminates the need for sending data over the internet 

for processing and storage [1]. Furthermore, processing 

at the edge device eliminates the need for central data 

centers, which can help reduce costs [2]. 

 

An edge computing network typically involves a 

number of distributed computing nodes, such as edge 

devices, data sources and networks. Edge devices, 

such as IoT devices, smart sensors and other devices, 

collect data and process it at the edge. The data is then 

sent to a data source or central server and is further 

processed and analyzed. This process enables 

businesses to receive faster responses, improved 

scalability, enhanced security and cost savings [3]. 

 

In addition to faster responses, improved scalability and 

cost savings, edge computing and IoT also provide 

businesses with various other advantages, such as 

improved security, reliability, and scalability [4]. By 

keeping data and communication away from the cloud 

server, businesses can effectively protect sensitive data 

and communication, making edge computing and IoT 

ideal for use in secure applications and networks. 

Furthermore, edge computing allows businesses to 

control access to data, reducing the risk of data breaches 

and other security threats. And, because the edge 

computing networks are distributed and dynamic, 

businesses can easily and quickly scale their 

applications and services as needed [5]. 

 

Edge computing and IoT are two closely-related 

technologies that have become increasingly important in 

modern digital solutions. Edge computing enables 

businesses to process data directly on devices and IoT 

sensors, rather than relying on cloud computing [6]. 

This provides numerous advantages, such as faster 

responses, improved scalability and flexibility, enhanced 

security, and cost savings. Furthermore, edge computing 

infrastructure is designed to be more secure than cloud 

computing, as connections between the edge server and 

IoT sensors are more difficult to intercept and exploit 

[7]. IoT devices connected to an edge computing 

network are capable of automatic data collection, 

analysis, and communication, enabling efficient data 

processing and response times. Ultimately, edge 

computing and IoT offer businesses a secure, efficient, 

and cost-effective way to process data with minimal 

latency [8]. 

 

The integration of edge computing and IoT can improve 

performance, efficiency and security for businesses. 

With edge computing, businesses can process data 

directly on devices such as IoT sensors and 

smartphones, without relying on cloud computing [9]. 

This eliminates the need to send data over the internet 

for processing and storage, which can save costs for 

businesses. Furthermore, edge computing provides 

businesses with faster responses, improved scalability 

and flexibility, enhanced security, and cost savings [10]. 

 

In addition to providing faster responses and enhanced 

security features, edge computing also helps to improve 

the efficiency of IoT networks. With an edge-based 

architecture, data is processed directly on the edge 

devices, such as IoT sensors and smartphones, rather than 

on centralized servers, which can help to reduce latency. 
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This allows businesses to collect and act upon 

information more quickly and accurately [11]. 

 

The integration of edge computing and IoT also allows 

businesses to benefit from the scalability and 

adaptability of the combined technology. With edge 

computing, businesses can store data locally on the edge 

device, allowing them to more effectively scale their 

applications and services as needed [12]. Furthermore, 

businesses can use the data gathered from IoT devices 

connected to the edge network to adjust their strategies 

in real-time to better meet customer needs, improve 

customer experiences, and enhance service delivery 

[13]. 

 

In essence, the integration of edge computing and IoT 

can provide businesses with numerous advantages. 

These include improved performance, scalability, 

flexibility, and security, as well as cost savings [14]. 

Edge computing also helps to reduce latency, improve 

responsiveness and accuracy, and allow businesses to 

scale their applications and services as needed. 

Ultimately, the combination of edge computing and IoT 

offers businesses an effective way to take advantage of 

the benefits of both technologies to improve the 

efficiency and security of their data and processes [15]. 

 

Characteristics of Edge Computing for IoT Devices 

 

Edge computing for Internet of Things (IoT) devices 

combines low-powered computing hardware and small-

scale storage technologies with data analytics and cloud 

infrastructure [16]. This allows the data generated by 

connected devices to be processed, analyzed, and acted 

upon in real time. Edge computing reduces latency and 

improves the reliability of data processing, while 

helping businesses to make more effective use of 

resources. Here are some of the features of edge 

computing in IoT devices: 

 

1. Low-power Processing: Many IoT devices are 

designed to operate on limited power. Edge 

computing technology allows local data on these 

devices to be processed and consumed quickly, 

improving the performance of connected devices and 

maintaining power efficiency [17]. 

 

2. Real-time Decision Making: By analyzing the 

data generated by IoT devices, edge computing 

technology can provide businesses with instant 

insights. This allows businesses to make effective 

decisions and business operations in real time [18]. 

 

3. Data Security: Edge computing technology helps 

to protect data from cyber-attacks and unauthorized 

access by processing data locally on the device. This 

also helps to reduce the need to send data to remote 

servers, which can be vulnerable to attacks [19]. 

 

4. Scalability: Edge computing technology is 

capable of supporting thousands, or even millions, of 

connected devices. This allows businesses to quickly 

and efficiently scale their applications and services to 

meet their changing needs [20]. 

 

5. Low Latency: By processing data directly on the 

device, edge computing can reduce the amount of time 

it takes for data to be analyzed and acted upon. This 

helps to improve response times, as well as the accuracy 

of the data [21]. 

 

Advantages of Edge Computing for IoT Devices  

 

Edge computing for IoT devices offers numerous 

advantages in comparison to traditional cloud 

computing, making it the ideal choice for many 

businesses. Edge computing provides time-critical 

businesses with faster, secure data processing that 

improves the response times and accuracy of 

applications [22]. Edge analytics enable businesses to 

self-manage their data processing, rather than relying 

on external cloud resources. Additionally, by 

processing data locally, edge computing reduces 

latency and helps to protect data from becoming 

vulnerable to malicious attacks [23]. 

 

First, edge computing provides faster data-processing 

capabilities than other cloud-based solutions. By 

processing data locally on the edge device, businesses 

can save time and money by eliminating the need to 

send data to a cloud server for processing. Furthermore, 

because the device is local, the process for collecting 

data is quicker and the results will be available more 

quickly [24]. 

 

Second, edge computing provides businesses with 

greater flexibility and control over their data processor. 

By taking on the responsibility of managing data 

locally, businesses can customize their processing as 

required. Businesses can also adjust the data they collect 

depending on the type of application they’re running 

and the specifics of the grounds or environment being 

measured.  

 
Third, edge computing helps businesses protect their data 

from malicious attacks or unauthorized access. Data is 

stored and processed locally, reducing its exposure to 

external malicious threats. This can reduce the chances 

of data being stolen or damaged and helps to improve the 

security of the data [25]. 

 

Finally, edge computing is more cost-effective than 

cloud-based solutions. Since data is processed locally, 

businesses don’t incur costs from sending data to a cloud 

server. Furthermore, the edge device stores data locally, 

meaning there is no need to purchase additional cloud 

storage space [26]. 

 

Overall, edge computing offers numerous advantages for 

businesses looking to leverage IoT technologies. By 

reducing latency and improving the accuracy of data 

analysis, edge computing can make businesses more 

efficient and increase their bottom line [27]. 
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Integrated System Design Edge Computing for IoT 

Devices 

 

Integrated system design edge computing for IoT 

devices is a strategy used to reduce latency and improve 

data processing applications. It involves the use of edge 

devices and local networks to process data close or at the 

source. Utilizing this approach, businesses can reduce 

server-side loading, increase scalability eliminate the 

need for the remote transmission of data [28]. 

 

The edge computing system design includes the 

following components: 

 

 Edge devices: Edge devices are computers or other 

devices located close to the source of the data. They 

process data locally, reducing time and cost for data 

transmission. These devices can be connected to a local 

network system or directly to the cloud to provide real-

time insights. 

 

 Local networks: Local network systems connect 

edge devices to the cloud via LAN, WAN, or a 

combination of the two. These networks allow for 

easy data transmission between the cloud and the 

edge devices [29]. 

 

 Data storage: Data can be stored locally on the 

edge device or on the cloud depending on the type 

of data and the company’s requirements. This data 

can then be passed securely to the cloud for further 

analysis. 

 

 Analytics: Edge computing supports both real-

time and post-processing analytics. For instance, 

data can be pre-processed and analyzed on the edge 

device or sent to the cloud. By utilizing analytics, 

businesses can identify trends and issue insights 

quickly and accurately [30]. 

 

Integrated system design edge computing for IoT 

devices can help businesses increase efficiency and 

accuracy while reducing cost and time. It is an ideal 

solution for businesses looking to leverage the power 

of IoT and analytics for better decision making. 

 

This type of architecture is designed for businesses to 

process data at or near the source decreasing the 

amount of latency and costs associated with data 

transmission over long distances. Edge devices are 

used to collect and process data directly at the source 

or close to it and then pass that data securely to a 

remote cloud storage or analytics system. The benefit 

of this approach is that businesses can process, 

analyze and store data while reducing costs associated 

with long-distance transmission. This data can then be 

used to provide real-time insights and help businesses 

make better decisions quickly and accurately. 

Additionally, this type of architecture is highly scalable 

and allows businesses to expand their operations 

without having to invest heavily in infrastructure [31]. 

Role of AI in Edge Computing & IoT 

 

AI plays an important role in edge computing in IoT 

devices. By leveraging AI technologies such as deep 

learning and natural language processing, developers 

can create intelligent IoT devices that are capable of 

processing data at the edge of the network. This allows 

devices to better capture data in real time with high 

accuracy, widen the scope of what is feasible on the 

edge, and open up new use cases [32]. 

 

AI also enables the development of autonomous, self- 

learning applications on the edge. With few or no human 

input, IoT devices can run apps that can take real-time 

decisions and make decisions autonomously, which can 

result in improved performance, enhanced user 

experience, and better scalability. 

 

In addition, AI can be used to improve the security of 

IoT devices. AI-powered intrusion detection systems 

can spot malicious activity in real time and can address 

security threats automatically. Developers can also use 

AI for pattern recognition, anomaly detection, and 

activity monitoring in order to minimize the risk of 

security breaches and cyber attacks. 

 

By making use of AI technologies, developers can 

create powerful and secure applications on IoT devices 

and take advantage of the potential of edge computing. 

This opens up exciting possibilities and can 

revolutionize the way we use IoT devices [33]. 

 

Challenges and Open Issues 

 

Challenges associated with edge computing in IoT 

devices include limited computing and storage 

capabilities, security and privacy threats, limited energy 

resources, and scalability. 

 

1. Limited Computing and Storage Capabilities: 
Edge devices often have limited resources for running 

applications and storing data. This limits the volume of 

data that can be processed, stored and accessed at any one 
time and can cause latency issues [34]. 

 

2. Security and Privacy Threats: Edge computing 

environments need to be extremely secure in order to 

protect data and IoT devices from potential malicious 

attacks. There is also a potential for data leakage as data 

is being transferred between edge devices and cloud 

storage or analytics systems. 

 

3. Limited Energy Resources: As edge computing 

systems are typically battery-powered, there can be a 

limit to the resources that can be used at any one time. 

This means that applications and data processing 

algorithms will need to be optimized to take up as little 

energy as possible. 

 

4. Scalability: It is difficult to scale edge computing 

systems as their resources are often limited. This means 
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that if businesses want to expand their operations, they 

will need to invest in new devices and infrastructure 

which can be costly [35]. 

 

To address these challenges, businesses need to ensure 

that appropriate security measures are in place for edge 

computing systems, as well as ensure that data 

processing algorithms are optimized for battery life. It is 

also important to invest in devices with more resources 

so that more complex applications can be supported. 

Lastly, businesses should also consider using platforms 

that allow for cloud-based storage and analytics to 

address scalability issues [36]. 

 

Future Research Directions 

 

1. Low-Power Architecture Design: One of the 

major challenges of edge computing in IoT devices is 

the limitation of the available computing resources. 

To overcome this limitation, researchers should explore 

different architectures such as RISC-V, ARM, and low-

power x86 architectures to increase the efficiency of 

computational devices [37]. 

2. Security and Privacy: Edge computing in IoT 

devices faces an array of security and privacy threats. 

To address these threats, researchers should further 

explore technologies such as block chain and distributed 

ledger technologies to strengthen security, secure data 

transmission and address privacy challenges. 

3. Data Storage and Retrieval: Due to the limited 

local storage capabilities of IoT devices, data storage 

and retrieval systems and strategies should be further 

explored to improve storage capacity and optimize 

storage and retrieval operations [37].  

4. Scalability: As edge computing becomes more 

ubiquitous with the increasing number and types of IoT 

devices, scalability becomes even more important. To 

ensure scalability and accommodate expansion of edge-

enabled services, researchers need to explore distributed 

systems, algorithms, and communication protocols that 

would enable robust scaling of services and devices. 

5. Cognitive Computing: Edge computing can 

benefit from the implementation of cognitive 

computing technologies such as machine learning and 

deep learning. To maximize the potential of such 

technologies, researchers need to explore different 

cognitive computing models and architectures to 

support the flow of data and insights between devices 

and compute nodes. 

6. Battery Optimization: As IoT devices become 

increasingly more sophisticated and power-hungry, 

optimizing and improving battery performance 

becomes a critical aspect of edge computing. Through 

researching techniques and strategies for reducing 

power consumption and improving the battery life of 

IoT devices, researchers can optimize the user 

experience [38]. 

 

Conclusion 

 

Edge computing in IoT is emerging as a new 

technology, where data is processed and stored locally 

at the edge of a network. This reduces the need to 

transfer data to the cloud for storage and processing, 

thus providing a better user experience and minimizing 

latency. To successfully deploy this technology and 

ensure its scalability and security, developers need to 

consider a variety of engineering and design challenges. 

This includes the use of energy efficient hardware and 

the development of safe and secure data storage and 

retrieval mechanisms. Additionally, developers must 

explore scalability options, cognitive computing models, 

and battery optimization techniques. With this in mind, 

researchers must seek to develop solutions that will 

address the challenges of edge computing in order to 

unlock its full potential. In conclusion, edge computing 

in IoT devices presents a number of challenges that 

must be addressed in order to unlock the potential of 

such networks. To this end, researchers should explore 

topics such as low-power architecture design, security 

and privacy, data storage and retrieval, scalability, 

cognitive computing, and battery optimization. By 

addressing these topics through research and 

development, researchers can ensure the scalability and 

security of edge computing and optimize the user 

experience. 
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