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Abstract 

 

The Battery management System (BMS) is main motive is a to solve the unique complex problem of the 

electric vehicles that is EV battery management. The electric vehicles are a simple to integral challenges 

that is remain in battery longevity, safety of EV and energy efficiency. The algorithms of the system it is 

a combination of conventional manipulation processes with the system. This AI-based BMS main plane 

is to transform the electric-powered transportation by the demonstrating substantial improvements to 

battery performance, lifespan, and average vehicle efficiency. 
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Introduction 

The Electric vehicle (EV) battery management system this system development by using AI that is artificial intelligence the AI use for 

real-time data processing and also AI improve BMS capabilities [1]. The AI algorithms that most important to have access to the 

automobile’s performance, usage and battery life this all information known for AI. This battery management compares the operation of 

our framework with also AI modification. 

The limitation for BMS that is battery management system is use for the real-time choice-making abilities of synthetic intelligence 

techniques. It is important to battery performance, forecast battery fitness, and also control charging cycle [3]. Conventional Battery 

Management Systems (BMS) are mostly designed using rule-based algorithms and similar circuit models. They rely on deterministic 

reasoning and predetermined thresholds. 

The diversity in electric vehicle platforms that is increases, batteries this use for new sensor, aging model is a methods of BMS are no 

longer adequate [4]. 

Artificial Intelligence (AI) has emerged as a revolutionary technology in several fields, and its application to Battery Management 

Systems (BMS) is also attracting growing attention. The nonlinear behavior of batteries combined with the heterogeneity of usage 

environments in electric vehicles (EVs) renders AI a perfect candidate for improving BMS performance [5]. 

AI computations i.e., those that use machine learning (ML) and deep learning (DL) can simulate dynamic systems with complicated 

behaviors without being physically represented. 

Organization of Paper 

This organization of the paper to research design and evaluate to BMS that is battery management system. The BMS combines real-time 

sensor data & also artificial intelligence techniques for the enhance battery safety, performance, and lifespan [5]. 

The specific objectives include: 

• To design the data-driven to the framework for BMS that is battery management for the state of health under varying temp, load 

current and EV aging condition. 

• The develop an adaptive charging system that dynamically regulates charging parameters to minimize the thermal stress and 

long-term condition. 

• The deep learning-based prediction for intelligent decision making. 

• Evaluating system performance in terms of estimation 

• Accuracy, charging efficiency, and operational safety. 

 

Fig. 1. High-level System Architecture of the AI-Powered BMS showing data flow from sensors to the edge computing layer and control 

actuation. 

The system architecture as main 3 types: 

1. Physical layer 

2. Edge AI layer and 

3. Control layer. 

This main 3 type divided to basically the data collection, preprocessing, machine learning-based estimation, reinforcement control, and 

edge deployment. At the basic level, sensor modules continuously observe important battery parameters of voltage, current, temperature, 

and charge/discharge rates. 
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The predictions of State of Charge (SoC) and State of Health (SoH) with respect to time and space characteristics of data are done through 

an ensuing hybrid model of next hybrid Long Short-Term Memory-Convolutional Neural Network (LSTM-CNN). It operates on a Jetson 

Nano edge-AI board in order to keep up with the very high real-time requirements of automotive applications [10]. 

Data Acquisition and Preprocessing 

Effective use of AI in BMS begins with quality and robust data acquisition. This document subsequently shifts into an overview of BMS, 

offering an in-depth examination of its essential elements and features. It analyzes the essential issues in battery performance oversight, 

like deterioration, security, and energy productivity, and sets up the importance of BMSs in promoting EV technologies. This section also 

includes a comparative analysis of different AI approaches based on performance metrics, convergence speed, and computational 

complexity [11]. 

Deep Learning-based Battery state Estimation 

The Deep learning is use for employed to estimate for the battery states, SOC that is State of charge and last is State of Health. The neural 

network structures that are individual suitable for the battery system, applications and also their ability to model temporal decencies for 

sequential data of the BMS 

BMS responsibilities include monitoring the state-of-charge and cell health, preventing battery overcharge and overheating, and ensuring 

equal charge/discharge among all cells. The electric car, battery aging that maintains to use HAI-BMS’s that solution to ensure safety 

devices. Those devices are monitors temp changes in the individual cell and also battery system using for temp sensor real-time data 

show. 

Fig. 2. Adaptive Battery Management Control Flow 

Discussion 

The paper results that clearly benefits of AI that’s artificial intelligence for the Battery management system in electric vehicle. Outcomes 

verify that the new BMS founded on AI is superior to traditional approaches on some major domains accuracy, adaptability, and 

efficiency to a large extent. With the use of the hybrid LSTM-CNN model, the systems achieved an insignificant SoC prediction error and 

directly aid the driver through the enhancement of confidence on range with the evading of risks for deep discharge. The traditional 

methods like the Kalman filters are limited by rigid models and noise assumptions, making them unable to react quickly in real-time. 

Performance of battery State Estimation 

The comparison of Battery estimation that is accurate estimation of Battery State of Charge (SoC) and State of Health (SoH) is critical for 

maintaining operational safety and the usable lifetime of the lithium-ion batteries in electric vehicles (EVs). The system exhibited 

operationally stable performance under trial conditions with negligible latency (~120 ms inference time) and no apparent drift in 

predictions. The AI methods is a gains to taken indicate viability to EV BMS units, for battery longevity and accelerated charging for set 

electric scalability [18]. 
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The performance of battery state is a use charging to devices that is sensor, current, voltage etc. the HIL that is hardware the in loop is 

exhaustive on 60Ah lithium-ion battery pack. 

Adaptive Charging Performance Analysis 

The Adaptive is a long term dual and BMS support charging. The charging includes are charging method, charging time in min, peak temp 

(0C), and last Average temp that rise (0C). The readings were recorded after a buildup of more than 100 charge/discharge cycles to 

guarantee statistical stability and reliability. 

Battery management system BMS allows EV users to exchange a depleted battery for a fully charged one at designated Battery Swapping 

Stations (BSSs). This method Battery swapping Station is a waiting time associated with conventional charging. BSSs often integrate 

renewable energy sources (RESs), such as solar or wind, to further enhance sustainability. 

Table 1. Charging Strategy Performance Comparison (0–80% SoC) 

Charging Method Charging Time 

(min) 

Peak Temperature (°C) Average Temperature 

Rise (°C) 

CC–CV 

Charging 

58 38.4 12.6 

Fast Charging (2C) 42 45.8 18.3 

AI Adaptive Charging 47 35.1 9.8 

 

Limitation 

The limitation of the battery management system (BMS) is a despite its promising and performance, to the proposed AI-powered Battery 

Management System has certain limitations. The most importantly, the accuracy of the machine learning estimators, especially the 

LSTM-CNN estimator, heavily depends on the quality and variability of the training data set. AI models are black boxes, and ensuring 

their behavior across all operating conditions in the case of safety-critical systems such as BMS is difficult. Explainable AI methods and 

formal verification tools must be incorporated with an attempt at achieving industrial standards [21]. 

The AI that use for adding dataset for the deep learning and economy of EV battery control System. The instance, universal practices 

such as Coulomb counting and Kalman filtering for the calculate SoC that is State of charge have a high vulnerability to long-term drift 

and considerably depend on precision initial values alongside the adjustment of parameters. Also Similarly, to SoH that is State of Health 

estimation algorithms commonly rely on assumptions of fixed pattern for degradation loss, excluding randomness in usage patterns, 

environmental changes, or variations in manufacturing characteristics. 

Safety, Reliability & System Robustness 

Battery safety is a major application of the electric vehicles (EVs) for the high energy density the of lithium-ion cells. Conditions such as 

overvoltage, overcurrent, and over temperature can lead to severe safety risks if not detected and mitigated promptly. The fast fault 

detection and reliable protective response are essential requirements for any Battery Management System (BMS). 

The BMS was exposed to realistic continuous sensor feedbacks of voltage, current, and temperature, characteristic of actual battery pack 

operation. The ground truth SoC and SoH measurements were derived from electrochemical model predictions and supplier data for 

comparisons. 

The relative performance of the conventional and AI-based BMS systems is discussed in Table 2 below. The results conclusively prove 

the superiority of the proposed AI framework on all the performance parameters of concern 

Conclusion 

This paper has introduced a wide AI-driven adaptive control scheme for Electric Vehicle (EV) Battery Management Systems (BMS) with 

a view to overcoming the limitations of traditional rule-based and model-dependent approaches. The system, with a hybrid LSTM-CNN 

configuration, produces extremely accurate real-time estimations of the battery State of Charge (SoC) and State of Health (SoH) with a 

significantly reduced error rate, thereby enhancing operation reliability. Simultaneously, a reinforcement learning agent trained on a Deep 

Q-Network (DQN) was employed in order to be taught the most favorable charging and discharging strategies, proving great decreases in 

charge time and annual SoH decay, as ratified by exhaustive Hardware-in-the-Loop (HIL) experiments on a 60Ah lithium-ion battery 

pack. Operation of the smart system on edge-AI hardware (NVIDIA Jetson Nano) allowed for low-latency, realtime control with minimal 
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computational overhead, enabling its application to real world electric vehicle systems 

Future Work 

The upcoming research will emphasize the expansion. Suggested framework to enhance generalization, scalability, and readiness for 

deployment in the real world. The single most significant direction involves the adjustment of AI models and AI generation to 

accommodate various battery chemistries, encompassing the fundamental lithium iron phosphate battery (LFP) and nickel manganese 

cobalt (NMC). The advantages of the framework, such as enhanced prediction precision, proactive safety management, bettered decision-

making and assistance for circular economy initiatives, were shown during the presentation. 

Nonetheless, to accomplish the simplifying implementation, the issues of data requirements, cyber issues of security, along with the 

necessity for collaboration within the industry must be addressed. Along with being consistent with the International Journal of Systematic 

Innovation highlights innovative issue resolution, the proposed structure will be beneficial for researchers, engineers, and policymakers 

who are actively engaged in creating the future of battery technology oversight in electric vehicles. 

References 

1. D. Parikh, Raspberry Pi and MQTT Essentials: A complete guide to helping you build innovative full-scale prototype projects 

using Raspberry Pi and MQTT protocol, Packt Publishing, 2022. 

2. D. Pant, N. Singh and P. Gupta, "Charging System for Electric Vehicles," 2022 IEEE Delhi Section Conference (DELCON), 

New Delhi, India, 2022. 

3. [S. K. Mulpuri, B. Sah, and P. Kumar, "An intelligent battery management system (BMS) with end-edge-cloud connectivity – a 

perspective," Sustainable Energy & Fuels, vol. 9, pp. 1142–1159, 2025. 

4. A. Haraz, K. Abualsaud and A. Massoud, "State-of-Health and State-of-Charge Estimation in Electric Vehicles Batteries: A 

Survey on Machine Learning Approaches," IEEE Access, vol. 12, pp. 158110-158139, 2024. 

5. A. Haraz, K. Abualsaud and A. M. Massoud, "Ensemble Learning for Precise State-of-Charge Estimation in Electric Vehicles 

Lithium-Ion Batteries Considering Uncertainty," IEEE Access, 2024. 

6. R. Santos, "The rise of EVs and their impact on the automotive industry," Airswift Blog, Jan. 11, 2025. 

7. M. S. Hossain et al., "A comprehensive review on the integration of electric vehicles for sustainable development," J. Adv. 

Transp., vol. 2022, Art. no. 3868388, 2022. 

8. H. Wang et al., "Electric vehicle charging scheduling strategy for supporting load flattening under uncertain electric vehicle 

departures," J. Mod. Power Syst. Clean Energy, vol. 11, pp. 1634–1645, and 2022. 

9. A. Qureshi, H. Al-Turki, and S. Masood, "State of Charge and Health Estimation for Lithium-Ion Batteries using Deep Learning 

Approaches," IEEE Trans. Mach. Learn. Power Syst., vol. 1, 2025. 

10. N. A. Syahirah and R. N. Farah, "Charging Ahead: Statistics on Electric Vehicle Charging Station Allocation and Uptake Trends 

in Malaysia," Appl. Math. Comput. Intell., vol. 13, pp. 69–83, 2024. 

11. L. Sun, Z. Wu, and D. Wang, "A Comparative Study of Network Architectures for Battery State Estimation in EVs," IEEE 

Access, vol. 12, pp. 34567–34579, 2024. 

12. M. Hasan, R. Karim, and A. Rahman, "Energy Management Systems for EVs," Energy Rep., vol. 10, pp. 3251–3263, 2024. 

13. S. Dutta and J. Lee, "Optimizing Lithium-Ion Charging Profiles Using Q-Learning and Real-Time Temperature Feedback," IEEE 

Trans. Veh. Technol., vol. 73, no. 2, pp. 1158–1168, 2024. 

14. Y. Chen, X. Li, and H. Zhao, "Deep Reinforcement Learning for Safety-Aware Battery Charging," Appl. Energy, vol. 338, Art. 

No. 121501, 2024. 

15. A. Hannan, M. Lipu, A. Hussain, and A. Mohamed, "A review of lithium-ion battery state of charge estimation and management 

system in electric vehicle applications," Journal of Power Sources, vol. 400, pp. 412–428, 2018. 

16. X. Lin, A. Stefanopoulou, P. McMullen, and S. Mohan, "Battery management system: An overview of hardware and software," 

IEEE Control Systems Magazine, vol. 34, no. 1, pp. 84–98, 2014. 

17. D. G. Kumar et al., "Modelling of symmetric switched capacitor multilevel inverter for high power appliances," Journal of New 

Materials for Electrochemical Systems, vol. 26, no. 1, pp. 18-25, 2023. 

18. Y. Zhang et al., "Battery management systems in electric and hybrid vehicles," IEEE Transactions on Industrial Electronics, vol. 

68, no. 4, pp. 3031-3041, 2021. 

19. Iqbal, M., Benmouna, A., Becherif, M., & Mekhilef, S. (2023). Survey on battery technologies and modeling methods for electric 

vehicles. Batteries, 9(3), 185. 

20. Laadjal, K., & Cardoso, A. J. M. (2021). Estimation of lithium-ion batteries state-condition in electric vehicle applications: issues 

and state of the art. Electronics, 10(13), 1588. 

 


