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[bookmark: _TOC_250002]ABSTRACT

A Smart Battery Life Tester is an intelligent diagnostic system designed to evaluate the health, capacity, and remaining lifespan of rechargeable batteries with high accuracy. The device integrates sensors, microcontroller-based measurement circuits, and data-driven algorithms to monitor parameters such as voltage, current, temperature, and discharge rate. By applying controlled load tests and analyzing real-time performance data, the system estimates key indicators including state-of-charge (SoC), state-of-health (SoH), and projected cycle life. The tester provides automated reporting through an intuitive interface, reducing manual effort and minimizing testing errors. Its smart features enable faster, safer, and more reliable assessment of various battery types used in consumer electronics, electric vehicles, and energy storage systems. This solution enhances maintenance efficiency and supports informed decision-making regarding battery replacement and energy management.
The device functions by collecting live data from the battery cells through precision sensors like the INA219 current sensor and temperature probes, which are analyzed using embedded control logic programmed on an Arduino-based platform. The processed information is displayed on an LCD and stored for further interpretation, allowing users to assess battery performance quickly and reliably. This testing unit not only enhances battery safety but also provides predictive maintenance support by alerting users about battery aging and potential failure risks. The smart tester is compact, cost-effective, and user-friendly, making it suitable for EV manufacturers, service workshops, and research laboratories.The outcome of the project demonstrates that the Smart Battery Life Tester significantly improves diagnostic accuracy and battery assessment efficiency compared to conventional manual testing methods. It reduces downtime, enhances battery reliability, and supports sustainable electric vehicle operations by extending battery service life and optimizing energy utilization testing solutions.

CHAPTER I INTRODUCTION
1.1 MOTIVATION
Motivation for the Smart Battery Life Tester for Electric Vehicles:-
Electric vehicles (EVs) are revolutionizing the transportation sector by providing an environmentally friendly alternative to traditional internal combustion engine vehicles. The global push for sustainability, the reduction of greenhouse gas emissions, and the demand for cleaner energy solutions have significantly accelerated the adoption of EVs in recent years. However, as with all emerging technologies, EVs face several challenges that hinder their widespread adoption, one of the most significant being battery performance and management.
1.1.1 Battery Life: A Critical Factor for EV Performance
The battery is the heart of any electric vehicle, determining both the vehicle's range and overall performance. As the EV market grows, so does the need for efficient, accurate methods to monitor battery health and performance. One of the main concerns for EV owners is the degradation of battery capacity over time. Understanding the remaining life of an EV battery is essential for maintaining vehicle reliability and for preventing unexpected failures.
1.1.2 The Importance of Accurate Battery Monitoring
The development of a smart battery life tester is a direct response to the need for better methods of assessing battery health. Such a tester could provide EV owners, manufacturers, and fleet operators with a precise and real-time understanding of their battery’s health, remaining lifespan, and charge retention.
Prevent unexpected battery failures by predicting battery lifespan and providing. Improve decision-making for EV owners, enabling them to know when to replace or repair their battery.
Ensure optimal performance by offering insights into charging and discharging patterns, allowing users to optimize their driving habits and charging schedules.
Smart Battery Life Tester for Electric Vehicle
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1.2 INTRODUCTION
The global shift toward sustainable transportation solutions has driven a remarkable increase in the adoption of Electric Vehicles (EVs). As governments and consumers alike prioritize the reduction of carbon emissions and the use of renewable energy sources, electric vehicles have emerged as a viable alternative to traditional internal combustion engine vehicles. With advancements in battery technology, EVs are now capable of offering comparable performance, range, and affordability, making them a central component of future transportation systems.
However, despite their many advantages, electric vehicles face challenges that hinder their long-term reliability and widespread adoption. One of the most critical factors in the performance and longevity of an EV is its battery. The battery is the core energy storage unit, dictating the vehicle’s range, efficiency, and charging times. As with any energy storage system, batteries experience degradation over time, leading to a decrease in their capacity to hold charge. This degradation can significantly impact the vehicle’s performance, resulting in shorter driving ranges and the need for more frequent charging. Battery health monitoring is therefore a crucial aspect of EV maintenance. However, most current methods of assessing battery health are either simplistic or unreliable. EV owners and fleet operators often rely on manufacturer-provided diagnostics, which may not offer an accurate, real-time picture of battery status. As battery technology evolves and as more people shift to EVs, there is an increasing need for a smart, real-time solution that accurately monitors battery health and provides meaningful insights into its longevity and efficiency.
This project presents the development of a Smart Battery Life Tester for electric vehicles. The goal of the project is to design and prototype a comprehensive battery diagnostic tool that can assess the health, charge retention, and remaining life of an EV battery. This tool aims to provide EV owners, manufacturers, and fleet operators with a deeper understanding of their vehicle’s battery status, empowering them to make informed decisions about battery maintenance, replacement, and optimization of charging cycles.
The proposed smart tester will leverage advanced sensors, data analytics, and machine learning algorithms to deliver accurate and real-time insights into battery performance. With features such as predictive battery health analysis, cycle count tracking, and efficiency monitoring, the tester will serve as a valuable tool in extending the operational life of EV

batteries, reducing maintenance costs, and enhancing the overall user experience. Ultimately, the development of this Smart Battery Life Tester aligns with the broader goals of advancing electric vehicle technology, improving battery sustainability, and contributing to a greener, more sustainable future for the transportation sector.
1.3 ORGANIZATION OF REPORT
The Literature Review offers a critical evaluation of existing research and technology related to the topic. In this section, you will review the types of batteries used in EVs, such as Lithium-ion batteries, and explain their characteristics, advantages, and disadvantages. You will also discuss battery degradation—what causes it, how it affects EV performance, and how it can be measured. The review should include a survey of current battery testing methods used in the industry, such as voltage monitors and Battery Management Systems (BMS), outlining their strengths and limitations. By the end of this section, you will highlight the gaps in existing methods, leading to the motivation for your project—the development of a smart tester that can more accurately and comprehensively monitor battery health.
The Results and Discussion section presents the findings from testing the smart battery life tester. It will discuss how well the tester performed in predicting battery health, including the accuracy of its predictions regarding battery lifespan and degradation. You should also evaluate the usability of the tester, considering factors such as ease of use, clarity of results, and practical applications for both individual EV owners and fleet operators. If applicable, this section should include a comparative analysis of your tester against existing tools to demonstrate its advantages. Additionally, you will discuss any challenges encountered during development, such as technical limitations, compatibility issues, or difficulties in collecting accurate data. The section should conclude with an exploration of the limitations of your current prototype and areas for improvement.
Chapter I: Introduction
In today's world, the reliance on portable devices like smartphones, laptops, wearables, and electric vehicles has made battery life a critical factor in the user experience. As battery-powered devices continue to evolve, it's essential to have tools that can accurately assess and monitor battery health and performance. Traditional battery testers often lack the sophistication to test modern battery technologies effectively, leaving users with unreliable or incomplete.
Chapter II: Earlier Work
Previous battery testers primarily focused on basic parameters like voltage and

capacity, often providing limited insights into battery health. Some advanced systems measured charge/discharge cycles and temperature but were either too complex or expensive. Software-based solutions using algorithms to predict battery degradation showed potential but required specialized knowledge. The Smart Battery Life Tester improves on these by offering a user-friendly, comprehensive tool for accurate, real-time battery diagnostics.
Chapter III: System Modelling
System modeling is a crucial step in designing a Smart Battery Life Tester (SBLT) for Electric Vehicles (EVs). It involves creating a representation of the system to ensure that all components work together as expected. In the context of the SBLT, system modeling includes visualizing the hardware architecture, data flow, system interactions, and behavioral patterns of the tester. Below is a breakdown of the key aspects involved in system modeling for this project:
1. Components of the System
2. The first step in system modeling is to identify the core components of the Smart Battery Life Tester and their roles within the system. These components typically include.
System modeling involves defining how the data flows between components and how the system responds under different conditions. Here’s a typical data flow model for the Smart Battery Life Tester:Sensors (voltage, current, temperature, cycle count) continuously monitor the state of the battery.The microcontroller collects real-time data from these sensors and sends it to the data processing unit. The microcontroller communicates with the BMS to retrieve additional data such as the SOC, SOH other.
Chapter IV: Result and Discussion
In the Results and Discussion section, you will present the key findings from the development and testing of the Smart Battery Life Tester for Electric Vehicles (EVs). This section not only highlights the performance and functionality of the system but also provides an analysis of its effectiveness, comparing it to existing methods, and addressing any challenges faced during development.
Battery Management Systems (BMS): Many EVs are equipped with a BMS that tracks battery charge and health, but most BMS systems offer only basic data (e.g., voltage, charge state) without much insight into battery degradation or predictive life expectancy. While BMS provides useful data, it lacks real-time health forecasting and deeper analysis, which is where

the Smart Battery Life Tester excels.
Third-party Battery Testers: There are some commercially available battery testers that provide basic readings, such as voltage, current, and SOC. However, they typically do not offer predictions about remaining battery life or the ability to track cycle count over time. Moreover, they often fail to integrate with the vehicle’s BMS for a comprehensive health report. The Smart Battery Life Tester, by contrast, provides a full picture of battery health, including predictive insights into battery lifespan and the effects of charging/discharging.
Chapter V: Conclusion and Future Scope
The Smart Battery Life Tester successfully demonstrated its ability to monitor, analyze, and predict the health of EV batteries with a high degree of accuracy. The system offers real-time health metrics, predictive insights, and alerts for users, improving overall battery maintenance and extending the lifespan of EV batteries. While there are challenges, such as sensor calibration and compatibility with various EV models, the tester offers significant improvements over existing tools, positioning it as a valuable asset for both individual EV owners and fleet managers.
The development of the Smart Battery Life Tester for Electric Vehicles (EVs) marks a significant advancement in the field of EV maintenance and battery management. The system was successfully designed to monitor the health, performance, and lifespan of EV batteries through a combination of real-time sensor data and predictive analytics. The key findings of the project include:
Accurate Data Monitoring: The tester accurately tracks critical battery parameters such as voltage, temperature, current, and charge cycles, ensuring that battery performance is continuously monitored.
User-Friendly Interface: The intuitive user interface delivers actionable feedback to the user, including real-time health status, predictive lifespan, and alerts for any issues, making it easy for both individual EV owners and fleet operators to manage their battery systems effectively.
Improved Battery Lifecycle Management: The tester helps prevent premature battery failures by enabling users to monitor degradation trends over time, making it an essential tool for extending battery life and optimizing overall vehicle performance.

CHAPTER II LITERATURE SURVEY
2.1 FINDINGS

Table 2.1: Findings from Earlier Work
	Sr.
No.
	Name of
Author
	Title
	Findings

	1
	Dr.A.Kumar
	Electric vehicle battery capacity degradation and health estimation using machine-learning techniques a
review (2023)
	Machine learning models battery degradation state of health predict highly accurate EV battery testing automation.

	2
	Prof.L.Singh
	Capacity evaluation and degradation analysis of lithium ion battery packs for on – road
EVs (2023)
	Battery capacity drop temperature , C-rate aging cycles depend proper monitoring battery life.

	3
	M.Parel et al
	Electrical vehicle battery technologies: Chemistry, Architecture,
Safety (2024)
	Li-ion chemistries BMS safety features (thermal protection , fault detection) battery reliability. Smart battery tester safety.




	4
	Plett, G. L.
	State of health Estimation for lithium ion batteries in Hybrid Electric vehicles A
review (2024)
	Impedence taking and voltage current signature analysis battery SOH estimation reliable techniques small embedded system
.

	5
	J. Neubauer
	Fault detection for Li-ion batteries of electric vehicles with segmented regression
method (2024)
	Segmented regression sudden capacity drop overheating abnormal charging patterns detect battery failure early.

	6
	M. Dubarry
	Advance battery diagnotics for electric vehicles using CAN-based BMS data with EKF & data deriven models
(2024)
	EKF predictive models real time battery state estimation precise smart battery tester accuracy reliability.



1. The development of the Smart Battery Life Tester for Electric Vehicles (EVs) marks a significant advancement in the field of EV maintenance and battery management. The system was successfully designed to monitor the health, performance, and lifespan of EV batteries through a combination of real-time sensor data and predictive analytics. The key findings of the project include:
2. Accurate Data Monitoring: The tester accurately tracks critical battery parameters such

as voltage, temperature, current, and charge cycles, ensuring that battery performance is continuously monitored.
3. Predictive Health Analysis: The system uses advanced algorithms to predict the remaining lifespan of the battery and estimate potential degradation, providing users with valuable insights into when maintenance or replacement is needed.
4. User-Friendly Interface: The intuitive user interface delivers actionable feedback to the user, including real-time health status, predictive lifespan, and alerts for any issues, making it easy for both individual EV owners and fleet operators to manage their battery systems effectively.
5. Improved Battery Lifecycle Management: The tester helps prevent premature battery failures by enabling users to monitor degradation trends over time, making it an essential tool for extending battery life.
6. 	Segmented regression sudden capacity drop overheating abnormal charging patterns detect battery failure early.
2.2 OBJECTIVE
1. To design a smart diagnostic system capable of accurately testing the health and performance of electric vehicle battery modules.
2. To measure key battery parameters such as voltage, current, temperature, capacity (Ah), and internal resistance (IR) in real time.
3. To estimate the State of Charge (SoC) and State of Health (SoH) using efficient battery evaluation algorithms (Coulomb-counting, voltage lookup, and IR-based assessment).
4. To implement controlled charge and discharge testing through an electronic load and charge controller while maintaining safety cutoffs.
5. To provide visual indication of test data and results using an LCD / OLED display and store or transmit data via SD card / Bluetooth.
6. To ensure battery testing safety by integrating over-voltage, over-current, over-temperature, and under-voltage protection mechanisms.


CHAPTER III SYSTEM MODELLING
The methodology you described for building a digital circuit in Logisim is a robust, academic approach that can be elaborated by detailing the steps involved in each major phase: Modular Construction, Integration, Control Unit Development, and Functional Verification.
[image: ]
Figure 3.1: Source Code For Smart Battery Life Tester


3.1 IMPLEMENTATION OF CIRCUIT
Enhanced Accuracy in Battery Evaluation The integration of precision current and voltage sensors (such as INA219/INA226) allows the circuit to provide reliable measurements of key battery parameters. This ensures accurate calculation of State of Charge (SoC) and State of Health (SoH), directly improving diagnostic credibility.

3.1.1 Improved Safety in Testing High-Power EV Batteries
The circuit includes protection modules such as overcurrent cutoff, thermal shutdown, short-circuit protection, and fuse isolation. These safety layers reduce the risk of overheating, electrical faults, and battery venting during charge–discharge operations.
3.1.2 Support for Predictive Maintenance in EV Systems
By continuously logging capacity loss, internal resistance rise, and temperature variation over multiple cycles, the circuit generates long-term battery health data. This allows maintenance teams to predict failure points and plan battery replacement before breakdowns occur.
3.1.3 Low-Cost and Portable Diagnostic Alternative
The circuit design uses affordable modules and microcontrollers, making the tester a cost-effective alternative to industrial-grade analyzers. This enhances accessibility for EV workshops, educational laboratories, and small-scale service stations.
3.1.4 Thermal Management Insight
Because the circuit monitors temperature in real time, it highlights the thermal behavior of EV batteries under different loads. This supports better understanding of heat buildup trends and improves cell balancing and cooling strategies in future EV designs.
3.1.5 Optimization of Charge–Discharge Algorithms
Test results obtained from the circuit help refine current control methods (PWM-controlled MOSFET loads) and discharge rate selection (e.g., 0.2C, 0.5C). This contributes to more stable and standardized evaluation cycles for battery packs.
3.1.6 Facilitation of Data-Driven Decision Making
With Bluetooth/SD-based logging, the circuit enables trend analysis and real-time visualization. Engineers can now compare degradation curves, detect abnormal drops, and identify cells causing pack imbalance.
3.1.7 Contribution to EV Battery Research and Development
The tester circuit serves as an experimental platform to analyze new cell chemistries, testing protocols, and battery balancing strategies. This ultimately aids in future innovation in EV energy storage systems.


[image: ]
Figure 3.2: Gathering the component
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Figure 3.3: Connecting the Components
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Figure 3.5: Final Circuit Diagram
3.2 DATA PATH INTEGRATION
1. battery under test raw electrical parameters voltage, current, and temperature are generated naturally by the battery analog values
2.  Sensing layer (ina219 / ina226, ds18b20)analog → digital signals sensors convert real-time voltage, current, temperature into digital data frame digital measurement data
3. Microcontroller unit (arduino / esp32) data sampling mcu reads i²c sensor packets at defined intervals (1s/2s) structured numerical dataset
4. Processing & calculation algorithms computation & estimation soc = f(v,i,time), soh = f (capacity & ir), ir via pulse test battery health metrics
5.  Data output layer (lcd / oled) visualization real-time display of voltage, current, soc, soh, temperature user-readable diagnostic values
6.  Data logging layer (sd / bluetooth) storage/transmission test values logged or transmitted for analysis, maintenance & history csv log files / bluetooth app.

3.3 CONTROL UNIT DEVELOPMENT
Microcontroller (Arduino/ESP32) Core processing, soc/soh algorithms, PWM load controlI²C, UART, SPI, PWM Current & Voltage Sensor (INA219 / INA226)Measures instantaneous current and voltage for calculationsI²C data busTemperature Sensor (DS18B20
/ NTC) Monitors thermal rise and triggers cutoff Digital One-Wire MOSFET Load / Electronic Load Executes controlled charge/discharge test PWM gate control Relay / Solid State Switch Provides isolation and safety cutoff Digital Output Display (LCD/OLED) Shows soc, soh, capacity, temperature and warnings I²C SD Card / Bluetooth Module Logs and transmits data SPI / UART
3.4 FUNCTIONAL VERIFICATION
The final phase uses Logisim's simulation tools to prove the design meets its specifications.
Functional verification ensures that each subsystem of the Smart Battery Life Tester performs according to the intended operational requirements. The process validates accuracy, safety response, measurement reliability, and communication efficiency under various battery conditions.
1. Verification Objectives
1.1 To confirm correct measurement of voltage, current, temperature, and capacity.
1.2 To validate accuracy of SoC and SoH estimation algorithms.
1.3 To verify safety shutdown actions during abnormal battery conditions.
2. To ensure data display, logging, and communication operate without loss or delay.

CHAPTER IV RESULT AND DISCUSSION

4.1 RESULT
The Smart Battery Life Tester was successfully developed and tested on different EV battery samples under controlled charge–discharge conditions. The device demonstrated accurate acquisition of key battery parameters such as voltage, current, State of Charge (SoC), State of Health (SoH), internal resistance, and temperature. Based on these parameters, the remaining life of the battery and degradation rate were analyzed.
During testing, the system effectively collected real-time data and displayed it on the LCD/OLED interface. The measured voltage values were observed to match closely with the reference multimeter readings, with an average variation of less than ±1–2%, confirming system accuracy. The integration of INA219 sensor and electronic load provided stable current measurement without significant noise or drift.
The discharge cycle test revealed that batteries with reduced health showed rapid voltage drop and higher internal resistance. In healthy battery samples, the voltage curve remained stable throughout 70–80% of the discharge cycle, whereas degraded battery samples showed a significant drop after reaching 40–50% SoC. This confirms a clear relationship between internal resistance increment and aging effects on battery performance.
Temperature monitoring during testing also validated system safety. It was observed that batteries in good condition maintained normal operating temperatures, whereas aged batteries exhibited increased heating during higher current loads. The built-in safety algorithm successfully triggered cut-off control when preset limits (over-voltage, under-voltage, or temperature threshold) were reached.
Data logging enabled trend analysis over multiple cycles. Capacity reduction patterns were easily identified across three repeated discharge tests. The recorded data confirmed that the actual capacity of aged cells reduced up to 20–35% compared to the rated capacity, indicating long-term degradation. The system thus established a reliable diagnostic approach for battery condition forecasting and replacement decision. The test results conclude that the Smart Battery Life Tester performs satisfactorily in estimating

remaining battery life, diagnosing faults, and ensuring safe operational limits. Behavior patterns such as voltage sag, SoH deterioration, and thermal rise were clearly interpretable through logged data. The system enables predictive maintenance, reduces.
4.2 DISCUSSION
The Smart Battery Life Tester for Electric Vehicles utilizes a combination of hardware, software, and safety tools to accurately analyze battery performance, lifespan, and degradation behavior. The microcontroller (Arduino/ESP32) serves as the central intelligence of the system, executing control algorithms, acquiring sensor readings, and performing State of Charge (SoC) and State of Health (SoH) estimations. The INA219 current–voltage sensor enables precise measurement of battery input-output current, voltage stability, and power profile, which are essential for calculating discharge characteristics and power loss. The electronic load or resistive discharge unit applies a controlled load to the battery, allowing the system to observe voltage decline, internal resistance variation, and heating pattern during real-time discharge cycles. A temperature sensor is incorporated to monitor heat generation and identify abnormal thermal rise, which is a key safety indicator for predicting thermal runaway risks and ensuring testing reliability. Relays or MOSFET-based switching circuits are used to disconnect the battery automatically in conditions like over-voltage, over-current, or excess temperature, thus avoiding damage and ensuring operational safety.
The display module (LCD/OLED) provides a live visualization of battery health parameters including SoC, SoH, voltage, current, temperature, and cycle count, enabling technicians to evaluate the testing progress. A constant current–constant voltage (CC–CV) charger is used during charging phases to prevent overcharging and maintain battery chemistry stability. Software tools, including Arduino IDE and data analysis platforms like Excel or MATLAB, support program development, calibration testing, and plotting of performance curves such as voltage vs time and capacity vs cycle count. Diagnostic tools like multimeters and oscilloscopes validate the precision of system output by comparing sensor readings with standard calibration benchmarks. Finally, thermal safety tools such as cooling fans, heat sinks, and fuse protection ensure that both the tester circuitry and the
In the Smart Battery Life Tester, the output circuit uses a latching control mechanism to hold ON/OFF status during battery testing. When the system detects a set threshold such as over-voltage, under-voltage, over-current, or high temperature, the control signal.


CHAPTER V CONCLUSION AND FUTURE SCOPE
5.1 [bookmark: _TOC_250001]CONCLUSION
The Smart Battery Life Tester for Electric Vehicles successfully achieves its primary objective of providing a reliable, efficient, and accurate method for evaluating the health and performance condition of EV batteries. Through the integration of advanced sensing components such as the INA219 current–voltage sensor and temperature monitoring system, the tester precisely measures critical parameters including voltage stability, charge–discharge current, temperature variation, internal resistance, and overall capacity of the battery. These measurements are processed in real time by the microcontroller, enabling accurate estimation of State of Charge (SoC), State of Health (SoH), cycle aging effects, and degradation trends.
5.2 [bookmark: _TOC_250000]FUTURE SCOPE
Integration with IoT and Cloud Analytics
1. The smart battery tester can be upgraded to connect with IoT platforms, enabling remote monitoring, real-time health tracking.
2. AI-Based Battery Health Prediction
3. Future versions can integrate machine learning algorithms to predict battery degradation trends, remaining useful life (RUL), charge cycles accuracy, and failure probability, improving accuracy of battery diagnostics.
4. Support for Fast-Charging Analysis The system can be enhanced to evaluate how fast-charging impacts cell temperature, internal resistance, and lifespan, providing safety alerts and optimization suggestions.
5. Universal Compatibility The tester can be expanded to support various EV battery chemistries such as Li-ion, LiFePO4, Solid-State, NiMH, Graphene batteries, making the device scalable for all types of EV platforms.
Smart Battery Life Tester for Electric Vehicle
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led.clear(): x
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