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Abstract: The growing demands for sustainable transportation and continuous improvements in battery technologies 

have accelerated the adoption of electric vehicles (EVs). A key component within EVs is the Battery Management 

System (BMS), which is responsible for maintaining the safety, efficiency, and dependability of battery operation. This 

report provides a detailed survey of existing research on BMS design, including its architecture, core functionalities, 

state estimation methods, thermal regulation, and recent technological advancements. Additionally, it identifies major 

challenges and outlines potential directions for future research in this field. New technologies are not introduced but 

scope for research in this direction is discussed. 
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I. INTRODUCTION 

 

Electric vehicles depend primarily on battery packs for storing and delivering energy required for propulsion. The 

Battery Management System (BMS) is an essential subsystem that ensures the battery operates safely while 

maintaining optimal performance and durability. Its main role is to continuously monitor important parameters such as 

voltage, current, and temperature, while regulating charging and discharging processes. It also safeguards the battery 

from hazardous conditions including overcharging, excessive temperature rise, and short circuits [1], [5]. 

 

In EVs, rechargeable batteries serve as the main energy source, and their performance directly affects vehicle 

efficiency. The BMS functions as an intelligent control unit that supervises battery operation by integrating sensing, 

control, and protection mechanisms. Its objectives include improving energy utilization, ensuring operational safety, 

and extending battery life. Among various battery technologies, lithium-ion batteries are most commonly used in EVs 

because of their superior energy density, longer service life, and high efficiency compared to other alternatives [2]. 

 

II. OVERVIEW OF BATTERY TECHNOLOGIES IN ELECTRIC VEHICLES  

 

Recent research indicates that lithium-ion batteries dominate the EV market due to their favourable characteristics such 

as high energy storage capacity and extended cycle life. Different lithium-ion chemistries have been developed to meet 

specific application requirements, including Lithium Iron Phosphate (LFP), Nickel Manganese Cobalt (NMC), and 

Lithium Titanate (LTO). Each of these battery types exhibits unique properties in terms of energy density, cost, thermal 

stability, and degradation behaviour. As a result, the design and operation of the BMS must be tailored to suit the 

specific characteristics of the chosen battery chemistry. The selection of battery type plays a significant role in 

determining control strategies, thermal management techniques, and overall system performance [3]. 

 

III. ARCHITECTURE OF BATTERY MANAGEMENT SYSTEM 

 

A Battery Management System typically consists of several key components that work together to monitor and control 

battery performance. These include sensors for measuring voltage, current, and temperature; a microcontroller or 

processor for data processing; communication interfaces for data exchange; protection circuits for safety; and balancing 

circuits to maintain uniform cell performance. Modern BMS designs integrate these components into a closed-loop 

system that enables real-time monitoring and control of battery operations [4], [5]. 

 

3.1 Centralized BMS Architecture 

In a centralized BMS configuration, a single control unit is responsible for managing all the cells within the battery 

pack. This approach offers a simple structure and is cost-effective, making it suitable for smaller battery systems. 

However, it has certain limitations, including complicated wiring arrangements and reduced scalability for larger 

battery packs [5]. We observe this in figure 1. 
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Fig. 1  Centralized BMS Architecture  

 

3.2 Distributed (Modular) BMS Architecture 

In a distributed Battery Management System, the battery pack is divided into multiple modules, each equipped with its 

own local controller. These module-level controllers handle monitoring and control tasks independently, while a central 

master unit coordinates overall system operation. This architecture offers better scalability, making it suitable for large 

battery packs. It also enhances system reliability and significantly reduces wiring complexity compared to centralized 

designs [5]. This can be seen in figure 2. 

 

 
Fig. 2 Distributed BMS Architecture  

 

3.3 Wireless BMS Architecture 

Wireless Battery Management Systems eliminate the need for physical communication wiring between battery modules 

by utilizing wireless sensor networks. This approach reduces overall system weight and simplifies assembly processes. 

Additionally, it provides greater design flexibility and ease of maintenance. Recent research indicates that wireless 

BMS solutions are highly promising for future electric vehicles, especially in terms of improving efficiency and 

reducing manufacturing complexity [5]. Further explanation can be found in figure 3. 
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Fig. 3 Wireless BMS Architecture  

 

IV. KEY FUNCTIONS OF BATTERY MANAGEMENT SYSTEMS 

 

Battery Management Systems perform several essential functions to ensure optimal battery performance and safety: 

4.1 State Estimation 

Accurate evaluation of battery states is crucial for efficient operation. This includes determining the State of Charge 

(SOC), State of Health (SOH), and State of Power (SOP). Advanced estimation techniques such as Kalman filtering, 

Artificial Neural Networks (ANN), and fuzzy logic approaches are widely used. These methods provide higher 

accuracy and adaptability compared to conventional techniques like Coulomb counting [6]. 

 

4.2 Cell Balancing 

Variations among individual cells can lead to uneven performance, reducing overall battery efficiency and lifespan. 

Cell balancing techniques are used to maintain uniform charge levels across all cells. Passive balancing dissipates 

excess energy as heat, whereas active balancing redistributes energy between cells using power converters. Although 

active balancing is more efficient, it involves higher complexity and cost [8]. 

 

4.3 Thermal Management 

Maintaining appropriate temperature levels is critical for battery safety and performance. Various cooling techniques, 

including air cooling, liquid cooling, and phase change materials (PCM), are employed to regulate temperature. 

Effective thermal management prevents overheating and reduces the risk of thermal runaway, thereby enhancing 

battery reliability and lifespan [8]. 

 

4.4 Fault Detection and Safety 

Modern BMS designs incorporate advanced fault detection mechanisms to identify and mitigate abnormal conditions. 

Model-based approaches, such as equivalent circuit models and electrochemical models, provide precise predictions but 

require significant computational resources. Data-driven techniques, including machine learning and neural networks, 

offer improved adaptability under varying operating conditions [8]. 

 

4.5 Hybrid Methods 

Hybrid approaches combine model-based and data-driven techniques to leverage the strengths of both methods. This 

results in improved accuracy, robustness, and adaptability in battery monitoring and control [8]. 

 

4.6 Communication Systems in BMS 

The BMS communicates with other vehicle subsystems using protocols such as Controller Area Network (CAN), Local 

Interconnect Network (LIN), and Ethernet. These communication systems enable real-time data exchange, diagnostics, 

and seamless integration with overall vehicle control systems. 

 

V. ADVANCED BMS TECHNOLOGIES 

 

5.1 AI-Based BMS 

Artificial intelligence techniques are increasingly being integrated into BMS designs for applications such as predictive 

maintenance, fault diagnosis, and battery life prediction. These methods enhance decision-making capabilities and 

system efficiency [7]. 
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5.2 Cloud-Connected BMS 

Cloud integration enables remote monitoring and management of battery systems. It supports large-scale data analysis, 

fleet management, and performance optimization. Technologies such as digital twins create virtual representations of 

battery systems, allowing real-time simulation and improved operational insights [7]. 

 

5.3 Wireless BMS (wBMS) 

Wireless BMS is an emerging concept that eliminates traditional wiring, resulting in lighter and more flexible system 

designs. It is considered a key technology for next-generation electric vehicles [7]. 

 

VI. CHALLENGES IN BATTERY MANAGEMENT SYSTEMS 

 

Despite significant advancements, several challenges persist in BMS development. Accurate estimation of battery 

parameters such as SOC and SOH remains difficult due to nonlinear battery behaviour influenced by temperature, load 

variations, and aging effects. Thermal management is another major concern, as high-capacity batteries generate 

substantial heat, making efficient cooling essential. The implementation of advanced BMS technologies often increases 

system cost, posing economic constraints. Additionally, connected BMS architectures are susceptible to cyber security 

risks. High computational requirements for advanced algorithms also demand efficient real-time processing 

capabilities. 

 

Future research should focus on developing intelligent, adaptive, and scalable BMS solutions. Key areas include: 

• Development of cost-effective and highly accurate estimation techniques  

• Enhancement of thermal management strategies  

• Standardization of communication protocols  

• Integration of artificial intelligence into embedded systems  

• Design of robust and fault-tolerant architectures 

 

VII. CONCLUSION 

 

The Battery Management System is a vital component in electric vehicles, responsible for ensuring safe, reliable, and 

efficient battery operation. Existing research demonstrates considerable progress in areas such as state estimation, 

thermal control, and intelligent system design. However, challenges related to cost, scalability, and accuracy still need 

to be addressed. Future advancements are expected to emphasize the integration of artificial intelligence, cloud 

connectivity, and wireless communication technologies to further enhance BMS performance and functionality. 
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