T ond™

ges A,
@REME&
e-Journal

Volume: 09 Issue: 07 | July - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.586

ISSN: 2582-3930

Al-Enabled Wireless Predictive Battery Health Monitoring System for Electric
Vehicles

Ahmad Raza', Arman Alam! , Nazia Parvin! , Mr. Goutam Mahto? , Mr. Kamlesh Kishore?

Department of Electronics and Communication Engineering
I B.Tech Scholar , RTCIT Ranchi, India
2 Assistant Professor, RTCIT Ranchi, India

kokok

Abstract-The exponential growth of electric vehicles
(EVs) necessitates reliable, smart, and cost-effective
battery monitoring systems. This paper proposes an
innovative Al-enabled, wireless Lithium-ion battery packs
used in electric vehicles are managed by a battery
management system (BMS). Our design integrates edge
computing with machine learning to enable real-time,
predictive health monitoring and early fault detection.
Wireless sensors gather critical parameters such as
temperature, voltage, and gas emissions, transmitting
data to a central edge device running lightweight Al
models. In the event of possible failure situations such as
gas leaking or thermal runaway, proactive actions such as
motor shut-off and alert notifications are initiated. The
system not only ensures enhanced safety but also provides
a scalable and affordable alternative for next-generation
EVs.
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I. INTRODUCTION

As electric vehicles (EVs) become mainstream
Lithium-ion battery dependability and safety have become
major have emerged as critical
Traditional BMS units respond to abnormal situations
slowly since they mostly rely on threshold-based
monitoring with connected sensor connections and little

issues concerns.

intelligence.

Given the dangers of overheating, gas leaks, and cell
degradation, an intelligent system capable of real-time
prediction and prevention is essential. This project aims to
bridge that gap by designing an Al-enabled wireless
battery health monitoring system using edge computing to
detect and mitigate risks proactively.

II. EXISTING SYSTEM

Traditional battery protection systems rely heavily
on microcontrollers like the ATmega328P and a
combination of temperature and gas sensors to monitor
locally. These systems
mechanisms or cut power when thresholds are exceeded.
While effective for basic safety, they are reactive rather

conditions activate cooling

than predictive and lack scalability. Wired configurations
increase complexity and cost, while the absence of Al
limits the system's ability to learn or adapt to varying
conditions.

III. LITERATURE SURVEY

Several works have discussed BMS architecture
and battery safety. Studies include:

Use of OBD-based diagnostics for fault detection
in power batteries.

Hybrid material designs for improved thermal
safety.

Al techniques like LSTM for voltage anomaly
detection.

Integration of fire suppression mechanisms.

Wireless sensor networks for battery condition
monitoring.

While
approach that leverages edge Al, wireless flexibility, and

significant, these solutions lack a combined

predictive capabilities for battery safety.
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IV. PROPOSED SYSTEM

A. System Overview

The proposed system consists of distributed
wireless sensor nodes measuring parameters such as
temperature, gas concentration, and voltage. These nodes
transmit data via Wi-Fi to a central edge computing
device (ESP 8266). The edge device runs an ML-based
anomaly detection model. It provides alerts and turns on
pertinent actuators, such as solenoids or cooling fans,
when it notices unusual activity.

B. BLOCK DIAGRAM
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Fig:1. Block Diagram

C. PCB Layout and Circuit

Fig:2. PCB Board

Design involves compact PCBs for sensor nodes
and a central board with Al capability. A power module, a
Wi-Fi module, and the sensor are all included in each
sensor node. The edge board includes a microcontroller,
power management IC, and communication interfaces.

D. CIRCUIT DIAGRAM
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Fig:3. Circuit Diagram

V. HARDWARE COMPONENTS
e Controller: ESP 8266

e Sensors: DHT-11 (Temperature), MQ2 (Gas),
PT96 (Voltage Regulator)

e Wireless Modules: In-built Wi-Fi in ESP8266
e Display: Smartphone

e Actuators: 5V Relay, Cooling Fan(F8025),
Solenoid Valve, Buzzer, Fluid Cooling Pump,
Bulb (100W / 0.5W)

e Power Supply: 12V 2A Lithium-lon Pack with
Protection Circuit

VI. SOFTWARE AND MACHINE LEARNING

A. Data Collection

We collected normal and fault-condition data
from lab-simulated battery environments using sensors
connected to ESP8266.
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B. Model Selection

An Isolation Forest model was chosen for its
suitability in real-time anomaly detection on limited
computational hardware.

C. Training and Deployment

Data was preprocessed and trained using Python
(scikit-learn). The model was then converted using Edge
Impulse or TensorFlow Lite Micro and deployed to
ESP8266.

D. Workflow
Sensor — Data Preprocessing — Anomaly
Detection — Action Trigger — Logging/Alert

VII. WORKING PRINCIPLE

e If temperature < 40°C and gas concentration <
threshold, system displays "Ready to Go" and
motor runs.

e If temperature > 45°C, cooling fan turns on and
Pump . At 50°C, system stops motor and shows
"Ignition Off."

e If gas > threshold, solenoid activates and motor
shuts off.

e If ML model detects anomaly before threshold is
reached, pre-emptive action is taken.

Fig:4. HardWare Set-up Full View

VIII. APPENDIX - DATA COLLECTION & ML
CODE:

# Sensor Data Simulation (Python for ESP8266)
import random, time

import pandas as pd

data =[]
for _in range(1000):
temp = random.uniform(25, 45)
gas = random.uniform(50, 300)
voltage = random.uniform(3.0, 4.2)
label = 'anomaly' if temp > 40 or gas > 250 else normal'
data.append([temp, gas, voltage, label])

time.sleep(0.1)

# Save to CSV

pd.DataFrame(data, 'gas’,
'label']). to_csv('battery data.csv', index=False)

columns=['temp', 'voltage',

# ML Model Training (Python - Scikit-learn)
import pandas as pd

from sklearn.ensemble import IsolationForest
from sklearn.preprocessing import StandardScaler

import joblib

data = pd.read csv('battery data.csv')
features = data[['temp', 'gas', 'voltage']]
scaler = StandardScaler()

X = scaler.fit_transform(features)

model = IsolationForest(contamination=0.1)

model.fit(X)
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# Save model and scaler
joblib.dump(model, 'model.pkl")
joblib.dump(scaler, 'scaler.pkl’)

# ESP8266 Al Inference (Pseudocode)

read sensors — normalize values — run inference

(Isolation Forest logic) — trigger action if anomaly
IX. ADVANTAGES

e Wireless, scalable design reduces wiring

complexity.
e Al-based early detection improves safety.

e Edge inference allows real-time operation without
cloud dependence.

e Cost-effective components enable low-budget
implementation.

e Portable, suitable for retrofitting existing EVs.

X. CONCLUSION

This research demonstrates a smart, wireless
battery management that leverages edge
computing and Al for predictive safety. Unlike threshold-

system

based approaches, our system anticipates faults and takes
action before they manifest critically. The integration of
lightweight Al models on microcontrollers, wireless
sensors, and safety actuators forms a practical and
scalable solution for modern EVs.
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