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Abstract: Ensuring battery durability, safety, and optimal performance is crucial for the advancement of electric vehicles
(EVs). One of the key challenges in this field is the accurate estimation of the State of Charge (SoC) and State of Health
(SoH) of lithium-ion battery packs—parameters that are vital for efficient energy utilization, reliability, and driving range.
This project presents an advanced Battery Management System (BMS) designed for 24V lithium-ion battery packs, capable
of delivering precise SoC and SoH estimations through the application of Extended Kalman Filter (EKF) and Unscented
Kalman Filter (UKF) algorithms. These algorithms enable accurate tracking of SOC by considering real-time variations in
load, temperature effects, and cell aging. SOH estimation incorporates factors such as internal resistance and capacity
degradation, which are critical for predicting battery lifespan and facilitating proactive maintenance. To further enhance
performance and extend battery life, the BMS integrates passive cell balancing to ensure uniform charge distribution
across all cells. The system also incorporates fault detection mechanisms to safeguard against over-voltage, under-voltage,
and over-current conditions. Additionally, adaptive current limiting adjusts charge and discharge cycles dynamically based
on operational demands, thereby optimizing performance and safety. Overall, this project provides a comprehensive
solution to the pressing challenges in EV battery management by promoting battery longevity, reliability, and safe power
control across diverse operating conditions.
Keywords: Battery Management System (BMS), State of Charge (SoC), State of Health (SoH), Li-ion Battery, Extended
Kalman Filter (EKF), Unscented Kalman Filter (UKF), Kalman Filter

1. INTRODUCTION

The growing demand for electric vehicles (EVs) has increased the need for robust and reliable Battery Management
Systems (BMS) to enhance battery safety, performance, and lifespan. Accurate estimation of the State of Charge (SoC)
and State of Health (SoH) is essential for lithium-ion batteries, which are widely used in EVs due to their high energy
density and efficiency. However, estimating these parameters accurately presents significant challenges, as they directly
impact energy utilization, reliability, and overall driving range. This project addresses these challenges by developing an
advanced BMS for 24V lithium-ion battery packs, specifically designed for EV applications. The BMS maintains optimal
charging and discharging levels, with a target charging voltage of 25.2V and a discharge cut-off voltage of 18V, in
compliance with lithium-ion safety standards. For precise SoC estimation, the system employs Extended Kalman Filter
(EKF) and Unscented Kalman Filter (UKF) algorithms, utilizing real-time data such as voltage, current, and temperature to
generate dynamic and accurate predictions. This enables the system to adapt to load variations, temperature changes, and
battery aging, providing a clear assessment of remaining battery capacity and supporting efficient energy management. The
SoH estimation process monitors factors such as internal resistance, capacity fade, and charge retention to evaluate
battery degradation over time. By continuously comparing real-time and historical data, the BMS predicts remaining useful
life (RUL) and alerts the user when maintenance is required.
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Additionally, the system implements passive cell balancing for uniform charge distribution, fault detection for protection
against over-voltage, under-voltage, and over-current conditions, and adaptive current limiting to optimize
charge/discharge cycles under varying load demands. The proposed design is validated through Simulink simulations,
demonstrating enhanced battery safety, improved efficiency, and prolonged lifespan. This project offers a comprehensive
and simulation-driven solution for EV battery management, ensuring longevity, reliability, and safety under diverse
operational conditions.
2. OBJECTIVE

The primary objective of this project is to design and simulate a Battery Management System (BMS) for a 24V lithium-ion
battery pack tailored for electric vehicle applications. The system aims to achieve: Accurate estimation of the State of
Charge (SoC) and State of Health (SoH) using advanced Extended Kalman Filter (EKF) and Unscented Kalman Filter
(UKF) algorithms. Early identification of battery degradation to enhance battery safety and operational reliability.
Implementation of passive cell balancing to maintain consistent charge levels across all cells. Fault detection mechanisms
to protect against over-voltage, under-voltage, and over-current conditions. Dynamic charge and discharge optimization
through adaptive current limits, ensuring efficient operation under varying load demands. Validation through Simulink
simulations to confirm improvements in battery safety, lifespan, and performance. This simulation-driven approach
provides a reliable framework for efficient battery control and management, supporting the advancement of sustainable
electric vehicle technology.

3. EXISTING SYSTEM
Current Current Battery Management Systems (BMS) used in electric vehicle (EV) lithium-ion batteries typically rely on
basic voltage and current measurements for estimating the State of Charge (SoC) and State of Health (SoH), as illustrated
in Figure 3.1. While these conventional approaches provide fundamental monitoring capabilities, they often fail to adapt
effectively to real-time load variations, temperature fluctuations, and battery aging effects. As a result, such systems can
produce inaccurate SoC estimations and unreliable range predictions, which negatively impact energy efficiency and
vehicle performance. Furthermore, traditional BMS designs offer limited diagnostic insights into battery degradation, as
they struggle to track critical parameters such as internal resistance, capacity loss, and charge retention. Consequently,
these limitations hinder accurate assessment of battery health and reduce the effectiveness of predictive maintenance
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Fig 3.1 Block diagram of existing system

4. PROBLEM IDENTIFICATION

As electric vehicles (EVs) depend extensively on lithium-ion batteries for power, achieving accurate estimation of the
State of Charge (SoC) and State of Health (SoH) is essential for ensuring optimal performance, safety, and reliability.
However, current BMS implementations often struggle to provide precise SoC and SoH readings, leading to inefficient
energy utilization, unreliable range predictions, and a limited ability to respond to dynamic battery conditions. A major
challenge in conventional systems is their inability to perform dynamic SoC estimation under varying load conditions and
temperatures. Traditional estimation methods fail to account for real-time load variations, thermal influences, and battery
aging effects, resulting in inaccurate SoC predictions. Such inaccuracies can mislead the vehicle’s energy management
system potentially causing premature charging, unexpected power shortages, or user inconvenience all of which diminish
overall operational efficiency and user confidence.
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Additionally, existing BMS designs face significant limitations in SoH monitoring. Many systems lack the capability to
accurately detect and quantify battery degradation over time. Critical indicators such as capacity fade, changes in internal
resistance, and charge retention characteristics are often neglected or insufficiently analyzed. This shortfall reduces the
ability to forecast battery lifespan and plan proactive maintenance, ultimately affecting the long-term reliability and
performance of electric vehicles. This lack of precise SOH data can prevent timely interventions, leading to unexpected
battery failures and costly repairs. Furthermore, inadequate SoH tracking may cause missed opportunities for predictive
maintenance, which is vital for extending battery life and ensuring reliability. Additional issues involve cell balancing and
fault detection. Without effective passive cell balancing, cells within the battery pack may become imbalanced, resulting in
unequal aging rates and reduced overall capacity. Imbalances also increase safety risks, as some cells are prone to
overheating or entering unsafe voltage ranges. Similarly, traditional BMS systems often lack robust fault detection for
conditions such as over- voltage, under-voltage, or over-current events, all of which are critical to prevent thermal
runaway or other hazardous situations. Addressing these gaps, this project aims to create an advanced BMS with
enhanced SoC and SoH estimation using Extended Kalman Filter (EKF) and Unscented Kalman Filter (UKF) algorithms,
improved cell balancing, and adaptive fault detection, ensuring a safer, more efficient battery system for EV applications.

5. PROPOSED SYSTEM
Figure5.listheproposedBatteryManagement System (BMS) for 24V lithium-ion battery packs in electric vehicles aims to
address the limitations of existing systems through advanced estimation and control techniques. This system in corporate
Extended Kalman Filter (EKF) and Unscented Kalman Filter (UKF) algorithms to enhance the accuracy of State of Charge
(SoC) and State of Health (SoH) estimations. These techniques enable real-time tracking of battery conditions by
dynamically adjusting for load variations, temperature changes, and cell aging, thereby providing precise SoC data for
reliable energy management.
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Fig 5.1 Block diagram of Proposed System

To promote battery longevity and uniform performance, the BMS implements passive cell balancing, ensuring that each
cell maintains a consistent charge level and minimizing the risks associated with imbalanced cells, such as accelerated wear
or overheating. Enhanced safety is achieved through fault detection capabilities, including protection against over-voltage,
under-voltage, and excessive current. By monitoring these parameters, the system can detect and respond to critical
conditions, preventing potential hazards. Additionally, the BMS includes adaptive current and voltage limits that adjust
based on real-time operating conditions, optimizing charge and discharge cycles to suit different driving situations and
battery states. Simulink-based simulations provide a thorough analysis of system performance under various scenarios,
validating the effectiveness of the proposed BMS in improving safety, extending battery lifespan, and ensuring reliability.
This approach enhances electric vehicle performance while offering a safer and more sustainable battery management
solution.
6. METHODOLOGY

This project’s methodology involves designing, implementing, and validating a robust Battery Management System (BMS)
for a 24V lithium- ion battery pack, tailored for electric vehicles. The BMS features a charging voltage of 25.2V and a
discharge cut-off of 18V, ensuring lithium-ion safety standards. For precise State of Charge (SoC) estimation, the system
uses Extended Kalman Filter (EKF) and Unscented Kalman Filter (UKF) algorithms, adjusting dynamically to real-time
conditions by monitoring voltage, current, and temperature.
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State of Health (SoH) estimation is based on internal resistance, capacity fade, and charge retention, providing early
insights into battery degradation. The BMS incorporates passive cell balancing to maintain uniform charge levels,
supporting battery lifespan and stability. Enhanced safety includes fault detection for over-voltage, under-voltage, and
over-current events. Simulink is used to simulate various scenarios, assessing BMS performance and ensuring adaptive
charging, discharging, and energy efficiency for electric vehicles.

7. SIMULATION AND RESULT
This simulation diagram shown in figure 7.1a comprehensive model for battery state-of-health (SOH) estimation using

Simulink. It includes components for sensing current and voltage, adding noise, and an adaptive Kalman filter-based state-
of- charge (SOC) estimator.
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Fig 7.1 Simulation Diagram

Inputs such as current, cell voltage, cell temperature, initial SOC, and resistance (RO) are used to estimate SOC and
resistance. These estimates feed into the SOH estimator, which calculates the battery’s SOH. The model also features
instructions for modifying parameters, plotting SOC and SOH, and exploring results using Simscape Results Explorer. This
setup is crucial for understanding and predicting battery performance and longevity.
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Fig 7.2 Comparison of True State and Estimated SOC Using EKF and UKF Over Time.
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Fig 7.3 Current and Voltage Response of a Battery under Different Charge-Discharge Cycles

Fig7.4 SOC and SOH Estimation
8. MATHEMATICAL EXPRESSION

The SoC represents the remaining charge in the battery. It is generally expressed as a percentage and can be calculated
based on voltage, current, and temperature.

dt

SoC(t) = SoC(to) + f " I5)

0 bat

The SoH is a measure of the battery's ability to store and deliver energy compared to its initial capacity. It can be
represented using changes in internal resistance and capacity fade.

% 100

Battery voltage can be expressed as a function of time and the SoC, especially when considering the battery's internal
resistance and temperature effects.

V(t) = Viem X (1 + a - (SoC(t) — 50))

Internal resistance increases as the battery ages, and it can be modeled as:
R(t) = Ry + 3 - (SoH(t) — 100)
Battery temperature is critical for both SoC and SoH estimations. A simplified model for temperature variation is;

T(8) = To + &+ I(D)
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The current flowing in and out of the battery can be expressed in terms of charge and discharge:
dQ(t)
I(t)=""12"
&) =—¢

For passive cell balancing, the system ensures all cells reach the same voltage by dissipating excess energy from higher-
voltage cells.
Vinaz — Vinin
Vaom
Similarly, the minimum voltage under which the battery pack becomes unstable can be expressed as:

Vmin — ¥ipamy "= AV

CB =

Battery life is often estimated based on the number of charge-discharge cycles. A simple empirical formula can be:

Chat - (1 — SoH(t))
Rcycle

Lifetime =

Internal resistance increases as the battery degrades over time. SoH can be modeled using the internal resistance of the
battery:

SoH(t) = i’&t)

9. CONCLUSION
In conclusion, the proposed Battery Management System (BMS) for a 24V lithium-ion battery pack in electric vehicles
offers a robust solution for improving safety, performance, and longevity. By employing advanced State of Charge (SoC)
and State of Health (SoH) estimation techniques such as the Extended Kalman Filter (EKF) and Unscented Kalman Filter
(UKF), the system ensures precise, real-time monitoring of battery conditions, enabling reliable capacity predictions under
various operating scenarios. Features like passive cell balancing and fault detection mechanisms safeguard battery health,
preventing failures and optimizing energy distribution. Simulink simulations validate the system’s effectiveness by testing
adaptive charge/discharge cycles. The future scope of this project includes expanding the BMS to support higher voltage
battery packs, integrating wireless communication for remote monitoring, and incorporating machine learning for
predictive maintenance and enhanced fault detection. Additionally, exploring fast-changing technologies and implementing
active cell balancing could further improve battery performance and longevity. This BMS presents a scalable approach to
future EV applications, offering significant advancements for battery management and contributing to the overall efficiency
of electric vehicles.
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