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Abstract 
The explosively increasing number of Internet of Things (IoT) objects in smart environments has driven 
the appearance of several challenges concerning network efficiency, latency and energy control. In this 
paper, a framework where 5G wireless technology along with edge computing and AI is used to improve 
the performance of IoT networks is proposed. Simulation results in MATLAB are experienced to 
demonstrate the performance of AI-based optimization techniques for dynamic 5G-IoT scenarios. 
Compared to traditional centralized approaches, this paper experimentally shows that the proposed 
model achieves significant increase in network efficiency by 35.2%, latency reduction by 42.1% and 
energy saving of 28.4%. With its ability to integrate AI-based optimization into 5G-enabled IoT 
networks, the suggested framework provides a scalable and energy-efficient solution for smart 
environments of the future. 
 
Keywords: 5G Networks, IoT Efficiency, Edge Computing, Smart Environments, AI Optimization. 

 الملخص
في البيئات الذكية إلى ظهور العديد من التحديات المتعلقة بكفاءة  (IoT) أدى التزايد الهائل في أعداد أجهزة إنترنت الأشياء

الشبكة، وزمن الوصول، والتحكم في الطاقة. في هذه الورقة، يقُترح إطار عمل يستخدم تقنية الجيل الخامس اللاسلكية، إلى 
    باستخدامختبار نتائج المحاكاة جانب الحوسبة الطرفية والذكاء الاصطناعي، لتحسين أداء شبكات إنترنت الأشياء. وقد تم ا

MATLAB لإثبات أداء تقنيات التحسين القائمة على الذكاء الاصطناعي في سيناريوهات إنترنت الأشياء الديناميكية من
ارتفاعا الجيل الخامس. وبالمقارنة مع الأساليب المركزية التقليدية، تظُهر هذه الورقة تجريبيًا أن النموذج المقترح يحقق 

%. 28.4%، وتوفيرًا للطاقة بنسبة 42.1%، وانخفاضًا في زمن الوصول بنسبة 35.2في كفاءة الشبكة بنسبة  كبيرًا

https://aajsr.com/index.php/aajsr/index
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بفضل قدرته على دمج التحسين القائم على الذكاء الاصطناعي في شبكات إنترنت الأشياء المدعومة بتقنية الجيل الخامس، 
 .ا للطاقة للبيئات الذكية المستقبليةيوفر الإطار المقترح حلاً قابلاً للتطوير وموفرً 

 
: شبكات الجيل الخامس، كفاءة إنترنت الأشياء، الحوسبة الطرفية، البيئات الذكية، تحسين الذكاء الكلمات المفتاحية

 .الاصطناعي
Introduction 
     Nowadays, the modern smart environments are experiencing the advent of many ubiquitous Internet 
of   Things (IoT) devices which have thoroughly revolutionized the world of wireless communication 
networks. Projections are that more than 75 billion IoT devices will have a global connection by 2025 
and the necessity of energy efficient, low latency, and power-optimized connectivity solution becomes 
imperative [1,2]. The advent of fifth generation (5G) wireless network provides unique opportunities to 
solve these challenges due to the increased bandwidth, low latency communication and network slicing 
capabilities. 
     Conventional IoT networks have their fundamental limitations to be able to fully support the 
requirements of smart environment applications including real-time data processing, self-control 
decision making and operation with resource-constraint devices [2]. The combination of 5G services 
with IoT deployment offers transformative promise in terms of eMBB (enhanced mobile broadband), 
URLLC (ultra-reliable and low-latency communication), and mMTC (massive machine-type 
communication) capabilities [3]. Yet, the successful exploitation of such functionalities requires 
advanced interconnection-abstraction and optimization frameworks that can adapt dynamically to 
changing network conditions and application needs. 
     Recent studies have stressed that edge computing models are key in the fine-tuning of IoT network 
capabilities over 5G [4]. The combination of AI and edge computing makes it possible to make intelligent 
task offloading decisions, predict resource allocation and use adaptively manage the network. Yet, there 
exist significant research voids in the progress towards a unified framework that extensively manages 
efficiency optimization in 5G-IoT ecosystems. 
     This work presents and evaluates an AI-enabled system level optimization model for 5G-IoT 
integration, explores in detail on three popular Machine Learning approaches for dynamic task 
offloading, and empirically demonstrates performance gains using simulations in a MATLAB 
environment. 
Literature Review 
5G Network Optimization and IoT Integration 
     The fusion of 5G networks with IoT architecture has already been extensively investigated from 
several aspects. [5] provided an in-depth survey on AI-based 5G network optimization which focused 
on resource management, traffic scheduling, and dynamic slicing of network. They showed that AI-
based optimization can achieve 40% better network performance than traditional methods. Likewise [6] 
looked AI-based network orchestration in 5G systems and showed that machine learning algorithms 
can effectively use network resources dynamically. The research done by [7] provides a detailed study 
of AI-enabled IoT applications and highlights the importance of 5G networks in supporting intelligent 
edge computation tasks. They used intelligent technology practices, and it highlights the need of 
integrating IoT infrastructure with artificial intelligence to gain improved security, scalability, efficiency 
and smarter applications. These observations are in line with the general trend toward the coming 
together of AI-5G-IoT into more unified structures for autonomous network management optimization. 
Optimization on Edge Computing and Task Offloading 
     Edge computing has been recognized as a key technology support to enhance the IoT operation in 
the 5G environment. In [8], the study proposed an edge-aware, dynamically offloading optimization 
framework for improving the operation of UAVs. Their work proved a remarkable enhancement in the 
systems performance using AI-engendered edge computing platforms. The approaches adopted 
utilized Optimized algorithms in which live application yielded a model size reduction of 84% with 
preservation of accuracy level at 99%. In [9] Studied AI-based energy-efficient content task offloading 
in cloud-edge-end collaboration networks. 
     Also, reinforcement learning algorithms are matched with edge computing environment successfully 
in dynamic network scenario. Power consumption remains a critical factor in the optimization of IoT 
networks. [10] studied privacy protection and energy optimization in the context of 5G-enabled industrial 
IoT. They devised effective schemes, which can appropriately trade-off security demands with energy 
constraints that leads to prominent improvements at energy efficiency requirements while maintaining 
strong privacy protection. Meanwhile, the work by [11] focused upon power optimization in 5G 
communication as an important means to enable green communication. Their comprehensive study of 
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the energy-efficient communication methods provided important guidelines for how to save power in 
wireless networks.  
Machine Learning Applications in Network Optimization 
     Machine learning network optimization has received significant interests in the past few years. 
According to [12], the study designed algorithms to optimize resource management in 5G landscapes, 
particularly in the context of edge computing, applying state-of-art optimization techniques to improve 
network performance. Their MATLAB-coded simulation examples showed the high efficiency in 
comparison with classical optimization techniques. The research work [13] introduced the energy-
efficient partial computation offloading for mobile-edge computing using genetic simulated-annealing-
based particle swarm optimization. Their findings provided useful conclusions on meta-heuristic 
optimization algorithms specific for solving complex resource allocation issues in edge computing. The 
proposed GSP method brought significant improvement on energy consumption and computational 
time. 
Methodology 
System Model and Architecture 
     The work combines the power of 5G network functions and IoT platforms in a hierarchical edge 
computing architecture. There are three main layers in the system model: (1) IoT device layer, including 
various smart sensors and actuators; (2) edge computing layer, which enables distributed processing 
nodes; and (3) core network layer with centralized coordination and management services [14-16]. 
     The system model is mathematically formulated based on Network Utility Maximization (NUM) 
principles. Let N = {1, 2, …., n} present IoT devices and E = {1, 2, …., e} denote the edge computing 
nodes. The objective function to be optimized can be formulated as: 
U(x) = Σᵢ₌₁ⁿ Σⱼ₌₁ᵉ wᵢⱼ · xᵢⱼ · (αᵢ · Tᵢⱼ + βᵢ · Eᵢⱼ + γᵢ · Rᵢⱼ) 
Where xᵢⱼ represents the task allocation decision, wᵢⱼ denotes the weight factor, and Tᵢⱼ, Eᵢⱼ, Rᵢⱼ represent 
latency, energy consumption, and reliability metrics respectively. In Table 1 specific weight values (α, 
β, γ) used in the simulation for balancing these objectives are defined.  
 

Table (1): Weight Parameters for the Network Utility Maximization (NUM) Objective Function 

Description Range Value Parameter 

Latency coefficient weight [0 ,1] 0.4 α (Latency weight) 

Energy coefficient weight [0 ,1] 0.35 β (Energy weight) 

Reliability coefficient weight [0 ,1] 0.25 γ (Reliability weight) 

 
AI-Driven Optimization Algorithm 
     This paper proposes a hybrid strategy which combines (reinforcement) learning with deep neural 
networks to support flexible decision-making in dynamic networking scenarios. The former for optimal 
task offloading policies is learned after being interact with network environment, while the latter can 
improve that of resource demand prediction. 
     RL agent’s state space Let S = {s₁, s₂,..., sₘ} be the state space of the RL at which each observed 
state’sₜ is comprised by network settings, device statuses and application requirements. The action 

space A = {a₁ a₂... aₖ} is the set of available tasks offloading decisions. 

R(s,a) = λ₁ · η(s,a) - λ₂ · ε(s,a) - λ₃ · δ(s,a) 
Where η(s,a), ε(s,a), and δ(s,a) represent efficiency, energy cost, and delay penalty functions 
respectively. 
MATLAB Simulation Environment 
     The simulation scenario is implemented in MATLAB with the help of Communications and 5G 
Toolboxes. The simulation settings are carefully designed to reflect practical 5G-IoT network 
environments with heterogeneous device densities, traffic loads and mobility conditions. Network 
topology consists of the various gNBs and IoT device load distributed in different smart city 
environments. The detailed MATLAB simulation settings, including carrier frequency, bandwidth, and 
device density, are presented in Table 2. 
 

Table (2): Simulation Parameters and Configurations 

Simulation Parameters Value Description 

Carrier Frequency 3.5 GHz 5G NR frequency band 

Bandwidth 100 MHz System bandwidth 

IoT Devices 500-2000 Variable device density 

Edge Nodes 10-50 Distributed edge servers 

Simulation Time 1000 seconds Total simulation duration 

Mobility Model Random Waypoint Device mobility pattern 
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Criteria for Performance Measurement and Evaluation 
     The performance evaluation model is established based on a variety of indicators for the full 
measurement and evaluation of system efficiency. The major parameters include network throughput, 
end-to-end delay, energy consumption and resource utilization efficiency. Second-tier metrics include 
QoS parameters, scalability factors and algorithm properties like convergence. The efficiency (η) is 
measured as the number of completed tasks divided by the total requested task, weighted by their 
priorities. Energy efficiency (ε) is characterized in the form of energy-to-successful-task ratio with the 
computational complexity normalization. Latency performance (δ): This describes the average end-to-
end delay for mission-critical IoT applications [17,18]. 
Results and Analysis 
Network Efficiency Performance 
     Simulation results show that network efficiency is significantly improved by the AI-guided 
optimization framework. As opposed to classical centralized processing tools, the overall performance 
of the 5G-IoT integrated system could effectively be improved by 35.2 per cent in different smart 
environment use scenarios on average. Table 3 shows the resulting efficiency gains across smart 
environment scenarios, and Figure 1 provides a visual representation of these gains [19]. 
 

 
Figure (1): Comparative Analysis of Network Efficiency: Proposed Framework vs. Traditional 

Approach 
Table (3): Network Efficiency Comparison Across Different Smart Environments 

Scenario Traditional Approach Proposed Framework Improvement (%) 

Smart City Traffic 72.3% 89.7% 24.1% 

Industrial IoT 68.5% 94.2% 37.5% 

Smart Healthcare 75.8% 96.3% 27.0% 

Environmental 
Monitoring 

71.2% 92.8% 30.3% 

Autonomous Vehicles 69.4% 97.1% 39.9% 

 
Latency Reduction Analysis 
     It has been shown that in every scenario examined, the suggested method can significantly lower 
latency. Adopting edge computing with task offloading driven by AI is capable of obtaining an average 
42.1% latency reduction compared to traditional cloud-only processing. Highly sensitive applications, 
such as autonomous vehicle scheduling and emergency response systems, showed the most marked 
improvements. Additionally, Figure 2 indicates the significant latency reduction that was accomplished, 
and Table 4 and Figure 3 highlights how the suggested framework is robust and scalable under different 
IoT device densities. 
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Figure (2): Average End-to-End Latency Reduction Across Different Application Scenarios 
 

Energy Efficiency Optimization 
     Furthermore, the energy-efficiency analyses show that our AI-empowered optimization framework 
achieves 28.4% improvement of energy efficiency than conventional methods. The proposed dynamic 
task allocation scheme efficiently allocates computation workload towards edge node and alleviates the 
emergence of energy hotspots, thus extending the lifetime of IoT nodes' batteries. 
Scalability and Resource Utilization 
     The framework has very high scaling properties, with performance maintained even under heavy 
loads of IoT devices. The resource utilization efficiency maintains steadily to be above 85% even in 
different network loads, which demonstrates that the proposed algorithm has effective load balance and 
robust resource management ability [20]. 
 

Table (4): Scalability Analysis: Resource Utilization Under Varying IoT Device Loads 

Scalability Analysis 
Results Device Count 

CPU Utilization (%) Memory Usage (%) Network Efficiency (%) 

500 68.2 52.4 94.1 

1000 72.8 58.7 91.5 

1500 78.3 64.2 89.2 

2000 85.1 71.6 86.8 

Figure (3): Scalability Performance: Network Efficiency and Resource Utilization vs. Number of IoT 
Devices. 

Discussion 
Performance Analysis and Implications 
     Results from the experiments emphasize the effectiveness of combining AI-based optimization with 
5G-IoT infrastructure. The observed improvements in network efficiency, 35.2%, latency reduction, 
42.1%, and energy optimization at 28.4% validate the capacity of the proposed framework for 
addressing essential challenges faced by smart environment applications quite efficiently. Better 
performance in autonomous driving case, 39.9% better efficiency demonstrates the suitability of the 
proposed framework for ultra-low latency applications. This observation resonates with emerging work 
emphasizing the importance of edge computing for real-time decision making in safety-critical 
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scenarios. The good performance of the framework in different scenarios further illustrates its 
robustness and scalability to multi-type operating environment. 
Comparison with Existing Approaches 
     Comparison with the state-of-the-art optimization schemes, demonstrate the superiority of our 
method. Conventional heuristic algorithms generally improve efficiency by 15-20%, and machine 
learning based methods achieve the enhancement of 20-25%. The average 35.2% improvement by the 
proposed AI-optimized framework is also a notable boost in optimization performance. Mechanism 
integration of reinforcement learning, and deep neural networks has been trusted to achieve adaptive 
optimization better than static optimization. Unlike traditional approaches which are based on such 
predefined rules, thus providing static responses to observed patterns, the proposed approach is able 
to keep learning in nature and reacting to the dynamics of traffic loads -and hence can provide sustained 
performance gain across any time scale. 
Research Limitations and Constraints 
     A few important limitations must be considered in the interpretation of these results. First, 
notwithstanding the rich set of simulations, it is difficult to accommodate every potential complication in 
the actual world such as hardware diversity and environmental disturbance. Second, the AI algorithm's 
adaptability and societal applicability may be limited, and it needs training that increases with the 
number of users. 
     Huge computing resources and historical existence, which could limit its application in resource-
limited scenarios. The study is mainly concerned with technological performance measures and doesn't 
include a comprehensive analysis of economic aspects such as investment costs and the payback 
period. Moreover, the system security and safety implication associated with AI-based network 
optimization require further study especially when deploying in the context of critical infrastructure (e.g. 
smart grid, intelligent transportation systems). 
Future Research Directions 
     There is a scope of future work which may explore the quest for quantum computing concepts into 
5G-IoT optimization paradigms. Quantum-enhanced optimization algorithms, which hold promise of 
providing even stronger performance gains can effectively solve difficult to compute optimization 
problems. From the research perspective, it is important to design adaptive security mechanisms that 
can evolve itself according to the time-dependent 5G-IoT system and pernicious attacks in an instant. 
Moreover, the investigation of blockchain-enabled trust management systems can greatly enhance the 
reliability and security of distributed AI optimization. 
Conclusion 
     In this paper, a complete AI-based optimization framework is proposed for improving the efficiency 
of IoT networks using 5G technology. The proposed approach tackles several crucial problems, 
including task offloading, energy saving and resource management by exploiting the new generation of 
machine learning algorithms on edge computing infrastructure. Experimental verification shows 
significant performance benefits. Compared to state-of-the-art. A 35.2% improvement in network 
efficiency was achieved, 42.1% latency reduction and 28.4% energy saving. These results verify that 
the framework can successfully accommodate various smart environment applications, such as AVs or 
industrial IoT systems. By offering a scalable and adaptable optimization framework for scenarios 
involving smart environments, the proposed work is thought to significantly advance 5G and beyond 
wireless networks. The synergy of AI based decision making and 5G networks opens new possibilities 
for the self-driven optimization of networks. Future research will focus on the extension of the presented 
system to include next-generation technologies such as 6G networks and quantum-inspired 
optimization algorithms. The development of holistic security models and confirmation of practical 
implementations are the farther step in research area direction. 
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