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Abstract: 
A Battery Monitoring System (BMS) plays a critical role in ensuring the reliability, safety, and performance of 
battery-powered systems used in defense applications. At the Defense Research and Development Organization 
(DRDO), advanced battery monitoring technologies are developed to support military equipment such as 
communication systems, unmanned vehicles, missiles, and portable electronic devices. The primary objective of the 
Battery Monitoring System is to continuously track key battery parameters including voltage, current, 
temperature, and state of charge (SOC). 
The system uses sensors and embedded controllers to collect real-time data from individual battery cells and 
transmit it to a central processing unit for analysis. This enables early detection of abnormalities such as 
overheating, overcharging, deep discharge, or cell imbalance, thereby preventing potential failures and 
improving operational safety. Additionally, the monitoring system incorporates diagnostic algorithms to estimate 
battery health and predict remaining useful life. 
In DRDO applications, the BMS is designed to operate under harsh environmental conditions, ensuring high 
reliability and efficiency in mission-critical scenarios. By enabling intelligent battery management and predictive 
maintenance, the system enhances battery lifespan, optimizes power utilization, and supports uninterrupted 
operation of defense technologies. Thus, the Battery Monitoring System is an essential component in modern 
defense energy management systems. 
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Introduction 
Energy storage systems play a vital role in modern 
defense technologies, where reliable and 
uninterrupted power supply is essential for mission-
critical operations. The Defense Research and 
Development Organization (DRDO) develops 
advanced electronic and defense systems that 
depend heavily on high- performance batteries. To 
ensure safety, efficiency, and long operational life of 
these batteries, a Battery Monitoring System (BMS) 
is implemented. A BMS is an intelligent electronic 
system designed to monitor, manage, and protect 
rechargeable batteries by continuously observing 
their operating conditions. 
 
In defense applications, batteries are used in a wide 
range of equipment such as communication devices, 
unmanned aerial vehicles (UAVs), surveillance 
systems, missile guidance units, and portable 
military electronics. These systems often operate in 

harsh environments including extreme temperatures, 
high vibration, and remote locations where 
maintenance is difficult. Therefore, accurate 
monitoring of battery parameters such as voltage, 
current, temperature, and state of charge is essential 
to maintain reliability and avoid unexpected failures. 
 
The Battery Monitoring System developed for 
DRDO applications uses sensors, microcontrollers, 
and embedded software to collect and analyze real-
time battery data. It helps in detecting faults such as 
overcharging, deep discharge, overheating, and cell 
imbalance. By providing early warnings and 
automatic protection mechanisms, the system 
ensures safe battery operation and improves overall 
system performance. 
 
Furthermore, modern BMS technologies incorporate 
advanced algorithms to estimate battery health and 
predict remaining useful life. This capability 
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supports preventive maintenance and efficient 
energy management in defense equipment. Hence, 
the Battery Monitoring System is a crucial 
component in enhancing the safety, reliability, and 
operational efficiency of battery-powered defense 
systems developed by DRDO. 
 

Literature Survey 
Surya S., Doolla S., and Mukherjee V. (2021) 

presented a review on smart techniques for State of 
Health (SOH) estimation of lithium-ion batteries. 
They explained that battery aging reduces capacity 
and increases internal resistance, so accurate SOH 
estimation is very important in smart battery systems. 
Their review compares different model-based and 
intelligent estimation methods and shows that good 
SOH monitoring helps improve battery life, safety, 
and maintenance planning. This is useful for your 
project because SOH is a key part of battery 
monitoring. [1] 
Vivekkumar O. Chotpagar, G. A. Dhomane, and R. 
B. Sharma (2021) reviewed State of Charge (SOC) 
estimation methods for lithium-ion batteries. They 
discussed common techniques used to identify the 
remaining charge in a battery and explained that 
SOC estimation is essential for smart battery operation. 
Their work is relevant because battery monitoring 
systems depend on accurate SOC values for charging 
control, discharging control, and battery protection. 
[2] 

X. Tan, A. Vezzini, Y. Fan, N. Khare, Y. Xu, and 
L. Wei (2022). In this work, N. Khare, an Indian co-
author, contributed to a book on Battery Management 
System and Its Applications. The work explains the 
main functions of a BMS, such as voltage 
monitoring, current sensing, thermal management, 
balancing, and safety protection. This is directly 
related to your project because it gives the overall 
framework of how smart batteries are monitored and 
controlled in practical systems. [3] 
Mohammad Waseem, Mohammad Ahmad, and co-

authors, discussed battery technologies and the 
functionality of battery management systems for 
electric vehicles, including present challenges and 
future scope. Their work highlights the importance of 
monitoring voltage, temperature, current, and fault 
conditions in lithium-ion batteries. It is useful for 
your project because it connects smart battery 
monitoring with real applications and explains why 
advanced BMS design is necessary.[4] 
 

Introduction to BMS 
A Battery Management System (BMS) is an 
electronic system designed to monitor, control, and 
protect rechargeable battery packs during their 
operation. It plays a vital role in ensuring the safe 
and efficient use of batteries in various applications 
such as electric vehicles, renewable energy storage 
systems, portable electronic devices, and backup 

power supplies. As modern technologies 
increasingly rely on rechargeable batteries, the 
importance of an effective battery management 
system has grown significantly. 
The primary function of a BMS is to continuously 
monitor key battery parameters such as voltage, 
current, and temperature. By tracking these 
parameters in real time, the system ensures that the 
battery operates within its safe operating limits. If 
the battery experiences conditions such as 
overcharging, over-discharging, overheating, or 
short circuits, the BMS immediately takes protective 
actions. These actions may include disconnecting 
the battery, controlling the charging and discharging 
process, or sending warning signals to prevent 
damage and ensure user safety. 
Another important function of a BMS is cell 
balancing. In battery packs that consist of multiple 
cells connected in series or parallel, individual cells 
may charge and discharge at slightly different rates. 
Over time, this imbalance can reduce battery 
efficiency and lifespan. The BMS maintains uniform 
voltage levels across all cells by redistributing 
energy, which improves the overall performance and 
durability of the battery pack. 
Hardware and software components in BMS 
Table.3.1. Hardware and software components in 
BMS 
 
The BMS software serves as the central component 
of the system, responsible for controlling hardware 
operations and analyzing sensor data to make 
informed decisions. Online data processing plays a 
critical role in detecting most faults, and intelligent 
data analysis is necessary to provide timely battery 
malfunction warnings. Data collection is of 
paramount importance to identify potential issues 
before they manifest as faults. Hardware 
components within the BMS, such as sensors, make 
it easier to measure battery voltage and current. A 
BMS comprises various functional units, including 
cell voltage balancing, temperature monitoring, 
current sensing, and communication interfaces. Cell 
voltage balancing guarantees that each battery 
pack’s individual cells are maintained at consistent 
voltage levels, maximizing the overall pack 
performance and extending its lifespan. 
Temperature monitoring is crucial for preventing 
overheating and managing thermal conditions 
within the battery. Current sensing enables accurate 
measurement and monitoring of the battery electric 
current is going in and out. Communication 
interfaces facilitate the information transfer between 
external devices and the BMS such as the vehicle’s 
control system or a battery management network. To 
protect the battery from potentially harmful 
circumstances, the BMS also includes safety 
functions including over-current protection, over-
voltage protection, and under-voltage protection.
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Fig Hardware and software components in BMS 
 

Block diagram of BMS Block diagram of BMS 

 

                                                              Fig.3.1. Block diagram of BMS 
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In the market, there exist various types of integrated 
BMS chips that offer different functionalities 
 
Data Acquisition and Processing 
Data acquisition and processing form the core of a 
Battery Monitoring System (BMS), enabling 
accurate monitoring, analysis, and control of battery 
parameters in real time. The process begins with 
signal acquisition, which is the initial step where 
electrical signals are collected from various sensors 
connected to the battery pack. These sensors 
measure critical parameters such as voltage, current, 
and temperature, which are essential for evaluating 
battery performance, safety, and operational 
efficiency. The sensors generate analog signals 
corresponding to the measured physical quantities. 
However, these raw signals cannot be directly 
processed by digital systems, so they are passed 
through signal conditioning circuits. 
Signal conditioning plays a crucial role in ensuring 
that the acquired signals are accurate, stable, and 
within the acceptable input range of the 
microcontroller. This process may involve 
amplification to increase signal strength, isolation to 
protect the system from high voltages, and scaling to 
adjust the signal level appropriately. Proper signal 
acquisition is extremely important because any 
noise, distortion, or inaccuracy in the signals can 
lead to incorrect calculations of battery parameters 
such as State of Charge (SOC) and State of Health 
(SOH). In advanced applications, particularly in 
organizations like the DRDO, signal acquisition 
circuits are designed with high precision, ensuring 
noise immunity, reliability, and consistent 
performance even under harsh environmental 
conditions. This enables continuous and accurate 
monitoring of battery systems used in mission-
critical applications. 
Following signal acquisition, the next stage is 
Analog-to-Digital Conversion (ADC), which 
converts the conditioned analog signals into digital 
data that can be processed by a microcontroller. 
Since most sensors provide analog outputs, ADC 
becomes an essential component in the data 
acquisition system. The ADC samples the input 
signal at regular intervals and converts it into 
discrete digital values based on its resolution. For 
example, a 10-bit ADC can represent the input 
signal in 1024 discrete levels, while a 12-bit ADC 
provides even higher resolution and accuracy. 
Higher resolution ensures better sensitivity to small 
changes in voltage, which is particularly important 
in battery monitoring systems. In a BMS, ADC 
conversion allows the system to interpret sensor 
outputs such as voltage, current, and temperature in 
digital form, enabling further processing and 
analysis by the embedded controller. 

Software plays a vital role in managing the entire 
data acquisition and processing workflow. The BMS 
software, typically developed using embedded 
programming languages such as C or C++, controls 
sensor data collection, processes the acquired data, 
and implements algorithms for monitoring and 
protection. The microcontroller firmware reads 
digital values from the ADC, performs calculations 
to determine key battery parameters such as SOC 
and SOH, and continuously updates these values in 
real time. Additionally, the software includes fault 
detection mechanisms that identify abnormal 
conditions such as overcharging, overcurrent, 
overheating, or deep discharge. When such 
conditions are detected, the system can trigger 
alarms or automatically disconnect the battery to 
prevent damage and ensure safety. Advanced 
software tools are also used for monitoring, 
debugging, and visualization of battery data, 
allowing engineers to analyze system performance 
and optimize efficiency. In high-reliability systems, 
such as those developed by DRDO, well-designed 
embedded software ensures robust operation, 
accuracy, and fault tolerance. 
 
Analysis of Batteries Connected to BMS 
The analysis of batteries connected to a BMS is 
essential for ensuring safe operation, efficient 
energy utilization, and extended battery lifespan. 
The BMS continuously monitors electrical 
parameters such as voltage, current, temperature, 
SOC, and SOH to maintain optimal battery 
performance. To accurately analyze battery 
behavior, several fundamental electrical theorems 
are applied, which simplify complex circuits and 
provide deeper insights into system operation. 
The analysis of BMS networks relies on important 
electrical principles such as Ohm’s Law, 
Thevenin’s Theorem, Norton’s Theorem, and the 
Maximum Power Transfer Theorem. These 
theorems provide a systematic and simplified 
approach to analyzing electrical circuits within 
battery systems. 
Ohm’s Law is the most fundamental relationship, 
stating that the current flowing through a conductor 
is directly proportional to the voltage across it, 
assuming constant temperature and physical 
conditions. This relationship, expressed as V = I × 
R, is widely used in BMS for calculating current 
flow, voltage drops, and internal resistance of 
battery cells. It helps in monitoring battery 
performance and detecting abnormalities such as 
excessive resistance or abnormal current flow. 
Thevenin’s Theorem simplifies complex electrical 
networks by representing them as an equivalent 
circuit consisting of a single voltage source and a 
series resistance. This approach makes it easier to 
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analyze load conditions and predict circuit behavior. 
In battery systems, Thevenin models are often used 
to represent battery characteristics and analyze how 
the battery interacts with different loads. 
Norton’s Theorem provides an alternative 
representation by converting a circuit into an 
equivalent current source in parallel with a 
resistance. It is considered the dual of Thevenin’s 
Theorem and is particularly useful in analyzing 
parallel circuits. In BMS applications, Norton’s 
equivalent circuits help in understanding current 
distribution and simplifying calculations. 
The Maximum Power Transfer Theorem states that 
maximum power is delivered to a load when the load 
resistance equals the Thevenin resistance of the 
source network. This principle is important in 
optimizing energy transfer and ensuring efficient 
operation of battery-powered systems. 
 
Performance Analysis of Thermal Batteries 
In advanced defense applications, particularly those 
developed by the DRDO, thermal batteries are 
widely used due to their high reliability, energy 
density, and ability to operate under extreme 
conditions. These batteries are commonly used in 
missile systems, avionics, and other mission-critical 
applications where high power is required for short 
durations. Different types of thermal batteries 
include 150 V batteries used in Ballistic Missile 
Defense systems, 36 V avionics batteries, 37 V 
silver-oxide zinc batteries for long-range missiles, 
and 100 V actuator batteries. 
Accurate measurement and analysis of battery 
parameters are essential for effective BMS 
operation. Voltage measurement is performed using 
a voltage divider circuit to scale down high battery 
voltages to levels suitable for microcontroller inputs. 
For example, a 37 V battery can be reduced to 
approximately 4.83 V using appropriate resistor 

values, allowing safe ADC measurement. The ADC 
then converts this voltage into a digital value, which 
is processed by the system to determine the actual 
battery voltage. 
Current sensing is achieved using a shunt resistor 
placed in series with the battery. The voltage drop 
across this resistor is measured and used to calculate 
current using Ohm’s Law. For instance, a voltage 
drop of 0.05 V across a 0.01 Ω resistor corresponds 
to a current of 5 A. This method provides accurate 
real-time current measurement. 
State of Charge (SOC) represents the remaining 
capacity of the battery as a percentage of its total 
capacity. It is commonly calculated using the 
Coulomb counting method, where the BMS tracks 
the amount of charge entering and leaving the 
battery over time. For example, if a 5 Ah battery 
supplies 1 Ah of charge, the remaining capacity 
becomes 4 Ah, resulting in an SOC of 80%. The 
BMS continuously updates SOC and may use 
voltage-based corrections to improve accuracy. 
State of Health (SOH) indicates the overall 
condition of the battery compared to its original 
capacity. It is calculated as the ratio of current 
capacity to rated capacity. For example, if a battery 
originally rated at 5 Ah can now deliver only 4 Ah, 
its SOH is 80%. This parameter is crucial for 
predicting battery degradation and scheduling 
maintenance or replacement. 
 
Overall, data acquisition, processing, and analysis in 
a Battery Monitoring System work together to 
ensure safe, efficient, and reliable battery operation. 
By integrating precise sensing, intelligent 
processing, and fundamental electrical principles, 
the BMS enhances battery performance, extends 
lifespan, and supports critical applications in 
modern energy and defense systems. 
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Current and voltage measuring circuit 

 
Conclusion 

The integration of a Battery Monitoring System with 
thermal batteries in missile applications at DRDO 
represents a significant advancement in ensuring 
mission reliability, safety, and operational readiness. 
Thermal batteries, with their long shelf life and 
instant activation, remain indispensable for defense 
systems; however, coupling them with a BMS 
provides enhanced real-time monitoring, fault 
detection, and diagnostic capabilities. This synergy 
allows precise voltage, current, and temperature 
tracking, ensuring that the battery delivers consistent 
power to critical subsystems such as guidance, 
control, and telemetry. 
By enabling predictive maintenance, improved 
safety margins, and extended operational life, the 
BMS not only maximizes the performance of 
thermal batteries but also aligns with DRDO’s 
objective of developing robust, state-of-the-art 
defense technologies. Ultimately, the adoption of 
BMS with thermal batteries strengthens the 
reliability of missile systems, reduces risks during 
deployment, and ensures that stored munitions 
remain combat-ready even after years of dormancy. 
 
Future Scope 
The project “Analysis of Smart Batteries and Battery 
Monitoring Systems” has a wide future scope due to 
rapid advancements in Electrical Engineering and 
Internet of Things. Smart battery systems are 
increasingly important in electric vehicles, 

renewable energy storage, and industrial power 
management. Future developments can focus on 
enhancing battery efficiency, safety, and lifespan 
through advanced monitoring techniques. 
The integration of Machine Learning enables 
predictive maintenance, fault detection, and accurate 
estimation of battery health. Additionally, using 
Cloud Computing allows real-time monitoring and 
remote access, improving reliability and reducing 
maintenance costs. These systems also support 
renewable energy applications by ensuring efficient 
energy storage and distribution. Overall, this field 
offers strong opportunities for research, innovation, 
and career growth, playing a crucial role in future 
sustainable energy solutions. 
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