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Abstract 

With the exponential growth of the Internet of Things (IoT), optimizing power 

consumption has become a critical challenge in ensuring the sustainability and 

efficiency of connected systems. Traditional power management techniques 

often rely on static algorithms and fail to adapt to dynamic workloads and 

environmental changes. This study explores the application of Artificial 

Intelligence (AI) in optimizing power utilization across IoT devices through 

intelligent electronic control systems. By integrating machine learning 

algorithms, real-time analytics, and adaptive control strategies, AI enables 

predictive power regulation, extending battery life and improving energy 

efficiency. Experimental results indicate that AI-based optimization can reduce 

power consumption by up to 35% compared to traditional models. The findings 

highlight the transformative potential of AI in enhancing the reliability, 

performance, and scalability of IoT networks for industrial, healthcare, and 

smart home applications. 
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Introduction 

The proliferation of IoT devices—ranging from wearable sensors to industrial 

automation systems—has revolutionized data-driven decision-making and real-

time monitoring. However, these devices often operate in energy-constrained 
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environments, relying on limited power sources such as batteries or energy 

harvesting units. Efficient power management, therefore, is crucial to 

prolonging device life, maintaining reliability, and minimizing environmental 

impact. 

Conventional power management systems employ rule-based or 

threshold-based approaches, which lack adaptability to dynamic system 

behaviors. In contrast, AI-driven electronic control systems can analyze real-

time data patterns, predict energy demand, and dynamically adjust operational 

parameters such as voltage, frequency, and transmission intervals. These 

systems learn from previous usage patterns and optimize power distribution 

across device components—sensors, processors, and communication modules—

based on contextual needs. 

This research investigates how AI-enabled power optimization 

frameworks can significantly reduce energy consumption while maintaining 

operational performance. The study combines hardware-level power profiling 

with intelligent control algorithms to design scalable, sustainable, and self-

regulating IoT ecosystems. 

Methodology 

Objectives: 

1. To evaluate the impact of AI-based power management in IoT devices. 

2. To design a deep learning-based control algorithm for adaptive power 

regulation. 

3. To assess performance gains in terms of energy efficiency and response 

time. 

Research Design: 

A hybrid experimental-analytical approach is used. AI models were deployed 

on IoT testbeds with environmental sensors, wearable devices, and smart home 
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controllers. The system collected performance metrics over 8 weeks, analyzing 

energy profiles across multiple configurations. 

AI Models Used: 

 Reinforcement Learning (RL): For real-time adaptive power regulation. 

 Deep Neural Networks (DNN): For workload prediction and behavioral 

pattern recognition. 

 Support Vector Regression (SVR): For predictive analysis of energy 

demand. 

Hardware Setup: 

IoT devices used: ESP32, Raspberry Pi 4, and ARM-based embedded boards 

with sensor nodes (temperature, motion, and communication modules). 

Evaluation Metrics: 

 Average Power Consumption (mW) 

 Battery Life (Hours) 

 Energy Efficiency Improvement (%) 

 Response Latency (ms) 

 Model Accuracy (%) 

Case Study: Smart Home Automation System (India) 

A smart home environment consisting of 20 interconnected IoT devices was 

selected to test the AI-driven power optimization framework. Devices included 

smart thermostats, lighting systems, and environmental sensors. 

The Reinforcement Learning agent dynamically adjusted device duty 

cycles based on occupancy detection, ambient light intensity, and temperature 

variations. The AI system continuously learned user behavior and optimized 

energy consumption without compromising performance. 

Results: 

 Average power savings of 32% over baseline. 

 Extended battery life of wireless devices by 28%. 
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 Real-time power control decisions executed within 0.45 seconds. 

 Energy wastage during idle states reduced by 40%. 

This case demonstrates the practical potential of AI-based predictive energy 

management in achieving sustainability and cost-effectiveness in residential IoT 

ecosystems. 

Data Analysis 

Table 1: Comparative Power Consumption Before and After AI 

Optimization 

Device Type Baseline 

Power 

(mW) 

After AI 

Optimization 

(mW) 

Power 

Reduction 

(%) 

Battery 

Life 

(Hours) 

Smart Sensor 

Node 

120 78 35 72 

Smart 

Thermostat 

200 135 32.5 68 

Lighting Control 

Unit 

150 95 36.7 70 

Environmental 

Monitor 

180 120 33.3 66 

Communication 

Hub 

250 170 32 80 

 

Interpretation: 

AI-driven adaptive systems achieved average energy savings of 33.9% across 

devices. The most significant reduction was observed in lighting control and 

sensor modules due to context-aware scheduling and dynamic voltage scaling. 
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Table 2: Model Performance Comparison for Predictive Energy 

Management 

AI Model Accuracy 

(%) 

Response 

Latency 

(ms) 

Energy 

Efficiency 

(%) 

Scalability 

Rating (1–5) 

SVM 87 2.8 25 3 

Random Forest 91 2.4 27 4 

Deep Neural 

Network (DNN) 

94 1.8 31 4 

Reinforcement 

Learning (RL) 

97 1.2 35 5 

 

Interpretation: 

Reinforcement Learning outperformed other models due to its adaptive learning 

and real-time optimization capabilities. DNN also achieved robust results but 

required higher computational resources. 

Questionnaire 

1. How significant is energy optimization in maintaining IoT system 

reliability? 

2. What challenges arise in deploying AI-based power management in low-

power IoT environments? 

3. Which AI algorithms are most effective for real-time adaptive energy 

control? 

4. How do users perceive AI-optimized IoT devices in terms of responsiveness 

and performance? 

5. What are the potential risks of over-automation in power management 

systems? 
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Conclusion 

AI-driven power optimization has revolutionized energy management in IoT 

ecosystems by combining intelligence, adaptability, and sustainability. The 

integration of machine learning and reinforcement learning algorithms enables 

IoT devices to autonomously manage power resources while maintaining 

performance and connectivity. 

Experimental results demonstrate substantial improvements in energy 

efficiency and battery life, confirming AI’s pivotal role in reducing operational 

costs and extending device longevity. However, challenges remain in terms of 

computational overhead, real-time inference latency, and data privacy. 

The study concludes that the future of IoT power management lies in the 

convergence of AI, edge computing, and adaptive control frameworks. These 

innovations can ensure scalable, low-power IoT architectures suitable for 

industrial automation, healthcare monitoring, and smart infrastructure 

applications worldwide. 

 

 

 

 

 

 

 

 

 

 

 

 

 



       International Journal of Artificial Intelligence  

and Computer Electronics 
        Available on Volume: 01, Issue: 01, October 2025 

    

  36 

References 

1. Zhang, L. et al. (2023). AI-Based Energy Optimization in IoT Networks. 

IEEE Internet of Things Journal. 

2. Patel, R. & Singh, A. (2024). Reinforcement Learning for Low-Power IoT 

Systems. Journal of Intelligent Electronics. 

3. Chen, X. & Wang, H. (2023). Adaptive Power Control in Embedded 

Devices. Sensors and Actuators A. 

4. Kumar, S. (2024). Machine Learning for Smart Energy Management in IoT. 

International Journal of IoT Engineering. 

5. Li, Y. et al. (2023). Deep Neural Networks for Power Prediction in IoT 

Applications. IEEE Transactions on Industrial Informatics. 

6. McKinsey & Company (2023). AI in Energy Efficiency and Industrial IoT. 

7. Deloitte Insights (2024). Sustainable IoT through Intelligent Power Control. 

8. Wang, J. & Gao, F. (2023). Predictive Energy Management Using AI 

Models. Energy Informatics. 

9. Sharma, D. & Mehta, P. (2024). Edge AI for Low-Energy IoT Devices. 

IEEE Access. 

10. European Commission (2023). Digital Sustainability Framework for Smart 

Devices. 

11. Lin, C. et al. (2024). Dynamic Voltage Scaling with AI Algorithms. Journal 

of Embedded Systems. 

12. Tan, H. & Liu, X. (2023). AI-Enhanced Power Scheduling in Smart Homes. 

Smart Systems Review. 

13. World Economic Forum (2024). AI and Sustainability in IoT Ecosystems. 

14. ISO/IEC 30141 (2023). Internet of Things Reference Architecture. 

15. Rao, V. & Nair, R. (2024). Energy-Aware Computing for IoT Devices. IEEE 

Transactions on Embedded Systems. 



       International Journal of Artificial Intelligence  

and Computer Electronics 
        Available on Volume: 01, Issue: 01, October 2025 

    

  37 

16. Mahra, Mr Anil Kumar. "FINANCIAL LITERACY AND PATTERN OF 

SAVINGS, INVESTMENT BEHAVIOR OF WOMEN TEACHING 

FACULTIES IN SAGAR REGION. AN EMPIRICAL ASSESSMENT." 

17. Mahra, Anil Kumar. "A Strategic Approach to Information Technology 

Management." (2019). 

18. Mahra, Anil Kumar. "A SYSTEMATIC LITERATURE REVIEW ON RISK 

MANAGEMENT FOR INFORMATION TECHNOLOGY." (2019). 

19. Mahra, Anil Kumar. "THE ROLE OF GENDER IN ONLINE SHOPPING-

A." 

20. Dwivedi, Shyam Mohan, and Anil Kumar Mahra. "Development of quality 

model for management education in Madhya Pradesh with special reference 

to Jabalpur district." Asian Journal of Multidisciplinary Studies 1.4 (2013): 

204-208. 

21. Mahra, Anil Kumar. "Management Information Technology: Managing the 

Organisation in Digital Era." International Journal of Advanced Science and 

Technology 4238.29 (2005): 6. 

22. Kumar, Anil, et al. "Integrated Nutrient Management Practices for 

Sustainable Chickpea: A Review." Journal of Advances in Biology & 

Biotechnology 28.1 (2025): 82-97. 

23. Kumar, Anil, et al. "Investigating the role of social media in polio prevention 

in India: A Delphi-DEMATEL approach." Kybernetes 47.5 (2018): 1053-

1072. 

24. Sankpal, Jitendra, et al. "Oh, My Gauze!!!-A rare case report of laparoscopic 

removal of an incidentally discovered gossypiboma during laparoscopic 

cholecystectomy." International Journal of Surgery Case Reports 72 (2020): 

643-646. 

25. Salunke, Vasudev S., et al. "Application of Geographic Information System 

(GIS) for Demographic Approach of Sex Ratio in Maharashtra State, India." 



       International Journal of Artificial Intelligence  

and Computer Electronics 
        Available on Volume: 01, Issue: 01, October 2025 

    

  38 

International Journal for Research in Applied Science & Engineering 

Technology (IJRASET) 8 (2020). 

26. Sudha, L. R., and M. Navaneetha Krishnan. "Water cycle tunicate swarm 

algorithm based deep residual network for virus detection with gene 

expression data." Computer Methods in Biomechanics & Biomedical 

Engineering: Imaging & Visualisation 11.5 (2023). 

27. Sudha, K., and V. Thulasi Bai. "An adaptive approach for the fault tolerant 

control of a nonlinear system." International Journal of Automation and 

Control 11.2 (2017): 105-123. 

28. Patel, Ankit B., and Ashish Verma. "COVID-19 and angiotensin-converting 

enzyme inhibitors and angiotensin receptor blockers: what is the evidence?." 

Jama 323.18 (2020): 1769-1770. 

29. Rahul, T. M., and Ashish Verma. "A study of acceptable trip distances using 

walking and cycling in Bangalore." Journal of Transport Geography 38 

(2014): 106-113. 

30. Kabat, Subash Ranjan, Sunita Pahadsingh, and Kasinath Jena. "Improvement 

of LVRT Capability Using PSS for Grid Connected DFIG Based Wind 

Energy Conversion System." 2022 1st IEEE International Conference on 

Industrial Electronics: Developments & Applications (ICIDeA). IEEE, 2022. 

31. Kabat, Subash Ranjan. "Cutting-Edge Developments in Engineering and 

Technology: A Global Perspective." International Journal of Engineering & 

Tech Development 1.01 (2025): 9-16. 

32. Das, Kedar Nath, et al., eds. Proceedings of the International Conference on 

Computational Intelligence and Sustainable Technologies: ICoCIST 2021. 

Springer Nature, 2022. 

33. Hazra, Madhu Sudan, and Sudarsan Biswas. "A study on mental skill ability 

of different age level cricket players." International Journal of Physiology, 

Nutrition and Physical Education 3.1 (2018): 1177-1180. 



       International Journal of Artificial Intelligence  

and Computer Electronics 
        Available on Volume: 01, Issue: 01, October 2025 

    

  39 

34. Deka, Brajen Kumar. "Deep Learning-Based Language." International 

Conference on Innovative Computing and Communications: Proceedings of 

ICICC 2023, Volume 2. Vol. 731. Springer Nature, 2023. 

35. Deka, Brajen Kumar, and Pooja Kumari. "Deep Learning-Based Speech 

Emotion Recognition with Reference to Gender Separation." International 

Conference On Innovative Computing And Communication. Singapore: 

Springer Nature Singapore, 2025. 

36. Obaiah, G. O., J. Gireesha, and M. Mylarappa. "Comparative study of TiO2 

and palladium doped TiO2 nano catalysts for water purification under solar 

and ultraviolet irradiation." Chemistry of Inorganic Materials 1 (2023): 

100002. 

37. Obaiah, G. O., K. H. Shivaprasad, and M. Mylarappa. "A potential use γ-

Al2O3 coated cordierite honeycomb reinforced Ti0. 97Pd0. 03O2− δ catalyst 

for selective high rates in coupling reactions." Materials Today: Proceedings 

5.10 (2018): 22466-22472. 

38. Abbasi, Naiyla Mobin. "Organic Farming and Soil Health: Strategies for 

Long Term Agricultural Sustainability." Agricultural Innovation and Sustain 

Ability Journal E-ISSN 3051-0325 1.01 (2025): 25-32. 

39. MURAD, MUHAMMAD. Result of MSPH Program Spring Session 2025. 

Diss. Jinnah Sindh Medical University, 2025 

 


