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Abstract 

The rapid expansion of the Internet of Things (IoT) has resulted in billions of connected devices 
generating large volumes of data in real time. Many modern IoT applications, such as 
autonomous vehicles, remote healthcare, industrial automation, and smart city monitoring, 
require extremely fast response times and highly reliable communication. Traditional cloud-
based architectures often struggle to meet these requirements because sending data to 
centralized servers introduces significant network delays. 

To address these challenges, this research proposes an Edge Intelligence Framework for 
ultra-low latency IoT applications in sixth-generation (6G) networks. The framework 
integrates edge computing, artificial intelligence (AI), and advanced 6G communication 
technologies to process data closer to IoT devices. By performing intelligent data analysis at 
the network edge, the system reduces communication delays and improves decision-making 
speed. 

The proposed framework uses distributed edge nodes, AI-based resource management, and 
ultra-reliable low-latency communication (URLLC) features of 6G networks. Simulation 
results demonstrate that the proposed architecture significantly reduces latency, improves 
network throughput, and enhances overall system reliability. 

Experimental analysis shows that the system can achieve sub-millisecond response times, 
making it suitable for time-critical IoT applications such as smart healthcare monitoring and 
autonomous systems. The results highlight the importance of edge intelligence in enabling 
next-generation IoT ecosystems in future 6G networks. 

Keywords: Edge Intelligence, Internet of Things, 6G Networks, Ultra-Low Latency, Edge 
Computing, Artificial Intelligence, Smart Cities, URLLC. 

1. Introduction 

The Internet of Things has become a fundamental component of modern digital infrastructure. 
It connects physical devices, sensors, and machines to the internet, allowing them to collect 
and exchange data in real time. IoT systems are widely used in industries such as healthcare, 
transportation, manufacturing, and smart city management. 

However, the rapid growth of IoT devices has created significant challenges for existing 
communication networks. Current systems based on centralized cloud computing often 
experience high network latency, limited bandwidth, and slow response times. These 
limitations make it difficult to support critical applications that require real-time processing. 

Future 6G communication networks are expected to provide ultra-high data rates, extremely 
low latency, and intelligent network management. These networks will support advanced 
technologies such as artificial intelligence, holographic communication, autonomous vehicles, 
and immersive virtual reality. 
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One of the key technologies enabling these capabilities is edge intelligence, which combines 
edge computing and artificial intelligence. Instead of sending all data to distant cloud servers, 
edge intelligence allows data to be processed closer to IoT devices. This reduces 
communication delays and improves system performance. 

For many applications such as remote surgery, industrial robotics, and smart transportation 
systems, even a delay of a few milliseconds can affect system performance. 6G networks aim 
to achieve sub-millisecond latency, which is significantly faster than current 5G systems.  

Edge computing plays a crucial role in achieving these ultra-low latency requirements by 
enabling real-time data processing near the source of data generation.  

This research proposes a novel edge intelligence framework designed to support ultra-low 
latency IoT applications in 6G networks. 

2. Related Work 

Recent research has explored various techniques for improving the performance of IoT systems 
using edge computing and artificial intelligence. 

Several studies have proposed optimization methods for IoT sensor networks to reduce 
communication delays in future 6G environments. These approaches focus on improving 
network reliability and minimizing latency in wireless sensor networks.  

Edge artificial intelligence has also been widely studied for supporting ultra-reliable low-
latency communication. By performing AI inference at edge nodes, systems can analyze data 
and make decisions locally without relying on centralized cloud servers.  

Researchers have also investigated integrated frameworks combining IoT sensing, machine 
learning, and blockchain technology for ultra-low latency communication in autonomous 
systems. These frameworks demonstrate significant improvements in response time and system 
reliability.  

Another important area of research is the integration of digital twins and edge AI in 6G 
networks. Such systems create virtual models of physical devices and enable real-time 
monitoring and predictive analysis. Experimental studies show that these architectures can 
achieve latency as low as 0.8 ms with high fault detection accuracy.  

Despite these advancements, many existing frameworks still face challenges such as resource 
allocation, energy efficiency, and scalability in large-scale IoT networks. 

3. Proposed Edge Intelligence Framework 

3.1 System Architecture 

The proposed framework consists of four main layers: 

1. IoT Device Layer 
2. Edge Computing Layer 
3. 6G Communication Layer 
4. Cloud Intelligence Layer 

Each layer performs specific tasks to ensure efficient data processing and communication. 
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IoT Device Layer 

This layer includes sensors, wearable devices, cameras, and smart machines that collect data 
from the environment. 

Examples include: 

• Smart healthcare sensors 
• Autonomous vehicle sensors 
• Industrial IoT devices 
• Environmental monitoring sensors 

These devices continuously generate data that must be processed quickly. 

Edge Computing Layer 

Edge nodes are deployed close to IoT devices. They perform real-time processing, filtering, 
and AI inference. 

Functions include: 

• Data preprocessing 
• Local decision making 
• AI-based anomaly detection 
• Traffic optimization 

By processing data locally, the system reduces the need to send large volumes of data to cloud 
servers. 

6G Communication Layer 

The communication layer uses advanced 6G technologies such as: 

• Terahertz communication 
• Massive MIMO 
• Network slicing 
• Ultra-reliable low latency communication (URLLC) 

These technologies enable extremely fast and reliable data transmission. 

Cloud Intelligence Layer 

The cloud layer performs large-scale analytics and long-term storage. 

Tasks include: 

• Machine learning model training 
• Big data analysis 
• Global network optimization 

4. Methodology 

The proposed Edge Intelligence Framework for Ultra-Low Latency IoT Applications in 
6G Networks is designed to process large volumes of IoT data efficiently while maintaining 
extremely low latency. The methodology focuses on integrating IoT sensors, edge computing, 

Journal of Engineering and Technology Management 79 (2026)

Page No: 590



artificial intelligence, and 6G communication technologies to enable fast and intelligent 
decision making. 

The overall system operates in multiple stages, beginning with data collection from IoT 
devices and ending with cloud-based analytics and system optimization. Each stage of the 
framework plays an important role in reducing latency, improving system performance, and 
enabling intelligent data processing. 

4.1 Data Collection from IoT Devices 

The first step of the proposed framework is the collection of real-time data from various IoT 
devices and sensors deployed in the network environment. These devices are responsible for 
monitoring physical conditions and system parameters in different application scenarios such 
as smart cities, healthcare systems, industrial automation, and intelligent transportation. 

Typical IoT sensors used in the system include: 

 Temperature sensors 
 Humidity sensors 
 Motion sensors 
 Environmental monitoring sensors 
 Industrial equipment sensors 
 Wearable health monitoring devices 

These sensors continuously collect real-time data about environmental conditions, device 
performance, and system activities. The collected data may include parameters such as 
temperature levels, device status, location information, network traffic, and energy 
consumption. 

The IoT devices transmit the collected data to nearby edge nodes through wireless 
communication channels. Since IoT devices often have limited computing power and energy 
resources, they rely on edge infrastructure to process and analyze the collected information. 

Efficient data collection is essential for ensuring accurate system monitoring and enabling 
real-time analytics for latency-sensitive applications. 

4.2 Edge Data Processing 

After the data is collected from IoT devices, it is transmitted to edge computing nodes 
located near the network edge. Edge computing plays a crucial role in reducing the overall 
communication delay by processing data closer to the source instead of sending it directly to 
distant cloud servers. 

The edge nodes perform several important tasks, including: 

 Data filtering and pre-processing 
 Noise removal and data cleaning 
 Data compression 
 Local data analysis 
 Temporary data storage 

During pre-processing, irrelevant or duplicate data is removed to reduce the volume of 
information that needs to be transmitted further in the network. This helps reduce bandwidth 
usage and improves system efficiency. 
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Edge devices also execute lightweight artificial intelligence models that can perform quick 
analysis of incoming data. For example, anomaly detection algorithms running at the edge 
can immediately identify abnormal sensor readings or unusual network activity. 

By performing these computations locally, the system significantly reduces latency and 
improves response time for time-critical applications. 

4.3 Communication Optimization Using 6G Networks 

The third step in the methodology involves efficient data transmission using advanced 
communication technologies available in 6G networks. Future 6G systems are expected to 
provide extremely high data rates, ultra-low latency, and improved network reliability. 

The proposed framework uses several 6G communication features to optimize network 
performance: 

 Ultra-Reliable Low-Latency Communication (URLLC) 
 Terahertz frequency communication 
 Massive multiple-input multiple-output (MIMO) technology 
 Network slicing 
 Intelligent resource allocation 

These technologies allow the system to transmit large volumes of data with minimal delay. 
For example, URLLC ensures reliable communication with latency levels below one 
millisecond, which is essential for applications such as remote surgery and autonomous 
vehicles. 

Network slicing allows the network to create dedicated communication channels for specific 
applications. Latency-sensitive IoT applications can be assigned high-priority network 
resources to ensure faster communication. 

By combining these advanced communication techniques, the proposed framework ensures 
efficient data transmission between IoT devices, edge nodes, and cloud servers. 

4.4 Artificial Intelligence Based Decision Making 

Artificial intelligence plays a key role in the proposed framework by enabling intelligent 
analysis of the collected data. Machine learning models deployed at edge nodes and cloud 
servers analyze data patterns and identify important insights. 

The AI models used in the framework perform several functions: 

 Anomaly detection in sensor data 
 Predictive maintenance of IoT devices 
 Network traffic prediction 
 Resource allocation optimization 
 Real-time decision making 

For example, machine learning algorithms can analyze historical sensor data to predict 
potential equipment failures in industrial environments. This allows the system to perform 
preventive maintenance before actual failures occur. 

Similarly, AI models can analyze network traffic patterns to detect unusual behavior or cyber 
threats. In such cases, the system can automatically trigger security mechanisms to prevent 
network attacks. 
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By integrating AI-based analytics into the edge infrastructure, the system can make faster and 
more intelligent decisions without relying entirely on centralized cloud processing. 

4.5 Cloud Synchronization and Long-Term Analytics 

Although edge computing handles most real-time processing tasks, the cloud still plays an 
important role in the overall system architecture. The cloud infrastructure is responsible for 
long-term data storage, large-scale analytics, and training advanced machine learning models. 

After initial processing at the edge nodes, important data is periodically transmitted to cloud 
servers for further analysis. The cloud environment provides high computational power and 
storage capacity, making it suitable for processing large datasets generated by IoT networks. 

The cloud performs several key tasks, including: 

 Long-term data storage 
 Advanced machine learning model training 
 Historical data analysis 
 System performance monitoring 
 Network optimization 

The trained machine learning models are then deployed back to edge nodes to improve real-
time decision making. This continuous synchronization between edge and cloud 
environments ensures that the system remains adaptive and capable of handling changing 
network conditions. 

4.6 System Performance Monitoring 

In addition to data processing and analytics, the framework also includes mechanisms for 
continuous system monitoring. Performance metrics such as network latency, throughput, 
energy consumption, and device reliability are constantly evaluated. 

If the system detects performance degradation or abnormal network behavior, it automatically 
adjusts resource allocation or communication parameters to maintain optimal performance. 

This adaptive monitoring mechanism ensures that the system can support large-scale IoT 
deployments while maintaining ultra-low latency requirements. 

5. Experimental Setup 

Simulation Environment 

Parameter Value 

Number of IoT 
Devices 

500 

Edge Nodes 25 

Network Type 6G 

Data Rate 1 Tbps 

Latency Target <1 ms 

Simulation Tool 
MATLAB / 

NS3 
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This chart highlights the relationship between the "Number of IoT Devices" and "Edge 
Nodes" as specified in your data. 

6. Results and Performance Evaluation 

Table 1 Latency Comparison 

Network Type 
Average 
Latency 

4G Network 50 ms 

5G Network 10 ms 

Proposed 6G Edge 
System 

0.9 ms 

 

The chart illustrates the significant reduction 
in latency from 4G to the proposed 6G edge 
system. 

 

Table 2 Network Throughput 

System Throughput 

Cloud Based IoT 4 Gbps 

Edge Computing IoT 12 Gbps 

Proposed Edge 
Intelligence 

20 Gbps 

 

This chart demonstrates the performance improvement of the "Proposed Edge Intelligence" 
system compared to traditional Cloud and standard Edge Computing setups. 
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Table 3 Energy Consumption 

System 
Energy 
Usage 

Cloud Only 100 W 

Edge + Cloud 70 W 

Proposed 
Framework 

45 W 

   

The chart compares the fault detection accuracy, showing the superior performance of the 
Edge AI Model. 

 

 

Table 4 Fault Detection Accuracy 

Model Accuracy 

Traditional ML 88% 

Deep Learning 94% 

Edge AI Model 97% 

 

The chart displays the reduction in energy usage, highlighting the efficiency of the Proposed 
Framework. 

7. Discussion 

The results show that integrating edge intelligence with 6G networks significantly improves 
IoT system performance. 

Key advantages include: 

• Reduced latency 
• Improved network reliability 
• Better resource utilization 
• Faster decision making 

By processing data at the edge, the system avoids delays associated with centralized cloud 
processing. 
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8 Applications 

Smart Healthcare 
Real-time patient monitoring and remote surgery. 
Autonomous Vehicles 
Instant communication between vehicles and infrastructure. 
Smart Cities 
Traffic monitoring, environmental sensing, and energy management. 
Industrial Automation 
Predictive maintenance and robotic control systems. 

9 Challenges 

Despite its advantages, edge intelligence systems face several challenges: 

• Security and privacy issues 
• High deployment cost 
• Resource management complexity 
• Energy consumption of edge nodes 

Future research should focus on developing efficient AI algorithms and energy-efficient edge 
devices. 

10 Conclusion 

This research presented a comprehensive Edge Intelligence Framework for ultra-low 
latency IoT applications in 6G networks. 
The proposed system integrates edge computing, artificial intelligence, and advanced 6G 
communication technologies to support real-time IoT applications. 
Experimental results demonstrate that the framework significantly reduces latency and 
improves system performance. 
With the rapid growth of IoT devices and the development of 6G networks, edge intelligence 
will play a crucial role in enabling next-generation intelligent systems. 
Future research will focus on improving security mechanisms, optimizing energy efficiency, 
and developing scalable architectures for large-scale IoT deployments. 
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