"Enhancing the Performance of IoT Systems Using Machine Learning: A Literature Review"
Problem statement
A transformation occurred in numerous industrial sectors due to how IoT devices now obtain process and analyze data immediately throughout the entire internet of things ecosystem, the future potential of Internet of Things systems remains uncertain because they encounter major limitations concerning performance constraints as well as both efficiency barriers and security problems and real-time decision implementation challenges, the rising data volume generated by IoT devices needs quick processing alongside smart analysis functions that leads to integrating machine learning (ML) techniques.
 Recent research by Anasuya (2024), El-Sofany (2024), Gaith Rjoub (2024), Kanungo (2021), Mokuolu (2024) and Saini (2024) investigates ML application in IoT. However, developers still face obstacles to create scalable adaptive efficient ML-based solutions, widespread installation of IoT systems currently exists throughout smart cities along with healthcare and industrial automation and intelligent transportation systems, IoT systems encounter important operational challenges that stem from their excessive power usage and poor network performance together with security weaknesses as well as the slow processing rate, the performance Bottlenecks of IoT systems occur because of restrictions which prevent reliable real-time responses, the urgent need exists to manage large amounts of unstructured data because immediate processing and analysis becomes mandatory.
The current computational systems experience difficulties processing enormous datasets that lead to processing delays as well as higher expenses, the research conducted by Anasuya (2024) proves how implementing optimization methods grounded in deep learning and reinforcement learning improves IoT performance and lowers energy usage Real-world implementation of ML present challenges because it requires choosing appropriate algorithms along with optimizing resources and integrating into current IoT infrastructures, the massively increasing frequency of cyber threats has become a critical security problem throughout IoT systems, El-Sofany (2024) demonstrated through research that ML algorithms enhance real-time threat detection and mitigation for cybersecurity purposes, the promising outcomes from deep learning models using convolutional neural networks (CNNs) and random forest algorithms remain constrained by high resource usage requirements whichiaz IoT devices. Gaith Rjoub (2024) explained how reinforcement learning with transformer architecture improves both the intelligence and response capabilities of IoT systems, Accomplishing the resolution of these problems is vital for unlocking future opportunities within IoT efficiency together with innovation.
Research has introduced multiple ML-based solutions aiming to improve the performance of IoT systems, Kanungo (2021) studied how cloud computing enhances both IoT security and efficiency but the ongoing data protection and latency issues have not been resolved.
 According to Mokuolu (2024) edge AI needs to become essential because it helps reduce cloud computing dependence which minimizes latency. The research of Saini (2024) discussed how adaptive ML models need to adapt automatically to large-scale IoT systems So far existing solutions have shown limitations when it comes to delivering complete scalable ML frameworks to address versatility in real-time processing alongside security and power efficiency requirements, current machine learning methods for IoT improvement do not establish a complete system which maintains real-time processing alongside security requirements and energy efficiency standards.
 Researchers currently conduct separate investigations about deep learning data processing (Anasuya, 2024) and reinforcement learning-based decision systems (Gaith Rjoub, 2024) and ML security enhancement methods (El-Sofany, 2024). The existing gap exists between uniting various techniques into one systematic framework which addresses IoT issues completely. IoT environments with limited resources cannot utilize many ML models because they demand excessive computational power, the current situation requires an immediate implementation of a combination of deep learning with reinforcement learning and edge computing to strengthen IoT intelligence capabilities along with security functions and response capabilities, the paper's primary objective focuses on creating a specifically structured ML-based framework that suits IoT systems. The research evaluates combined ML frameworks to strengthen IoT operation while resolving both security requirements and computational efficiency problems.
 Advanced AI technology enables this study to build scalable IoT solutions which operate effectively in dynamic resource-limited environments with energy-efficient security features. IoT ecosystems will reach greater industry adoption due to the solutions that address speed and security concerns which lead to smarter and faster platforms.
Research Objectives:
1. To develop a hybrid machine learning framework that integrates deep learning, reinforcement learning, and edge computing to enhance IoT system performance and adaptability in diverse applications (Anasuya, 2024; Gaith Rjoub, 2024).
2. To evaluate the effectiveness of machine learning techniques in optimizing real-time data processing, reducing latency, and improving system response time in IoT environments (Mokuolu, 2024; Saini, 2024).
3. To enhance IoT security by implementing advanced ML-based threat detection, anomaly detection, and mitigation techniques, ensuring real-time cybersecurity resilience (El-Sofany, 2024).
4. To minimize energy consumption in IoT systems by optimizing computational resource allocation through ML-driven models, leading to more sustainable and efficient smart systems (Anasuya, 2024; Kanungo, 2021).
5. To assess the scalability, flexibility, and adaptability of ML-driven IoT frameworks in dynamic, large-scale, and resource-constrained environments (Saini, 2024; Mokuolu, 2024).
6. To propose a comprehensive strategy for integrating ML into IoT infrastructures while ensuring a balance between security, efficiency, real-time processing, and cost-effectiveness (Kanungo, 2021; El-Sofany, 2024).
7. To explore the role of edge AI and federated learning in minimizing data transmission costs and improving decision-making capabilities within IoT networks (Mokuolu, 2024; Saini, 2024).
8. To investigate the impact of reinforcement learning algorithms in autonomous IoT decision-making processes, enhancing efficiency in industrial, healthcare, and smart city applications (Gaith Rjoub, 2024).
9. To analyze the ethical and privacy implications of ML-driven IoT systems and propose regulatory guidelines to ensure data protection and user trust (Kanungo, 2021; El-Sofany, 2024).
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