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Abstract: Electric vehicles (EVs) are becoming more common because they are better for the
environment and help reduce fuel costs. However, making sure they are safe to drive and don’t
overheat is still a big challenge, especially when trying to keep the cost low. This project presents a
simple and affordable system that solves both problems. It uses an Arduino Uno, ultrasonic sensors,
and a basic battery monitoring setup. The system can detect obstacles in front of the vehicle and
also keep track of the battery's temperature. This helps prevent accidents and battery overheating.
Overall, this project shows how low-cost electronics can be used to improve the safety and
performance of electric vehicles.
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. INTRODUCTION
Electric vehicles (EVs) are rapidly replacing traditional fuel-powered vehicles, but they still face safety
challenges such as collision avoidance and battery overheating. For instance, real-world incidents like
the 2018 Tesla Model S crash into a stationary fire truck and the 2020 Chevrolet Bolt battery recall
highlight the importance of reliable safety systems in EVs. [1]

To address these challenges, the project introduces two integrated systems:

e Areal-time obstacle detection system using ultrasonic sensors and an Arduino controller.
e  Atemperature monitoring mechanism to ensure safe battery operation.

Together, these features aim to support the development of safer and smarter electric vehicles.

Il. RELATED WORK
A. Obstacle Detection Systems:
There are different types of obstacle detection systems used in electric vehicles. Some use
advanced technologies like LiDAR, which are very accurate but also very expensive. Because of
the high cost, they are unsuitable for low-budget applications. [1] A more affordable option is to
use ultrasonic sensors, which can still detect objects around the vehicle. Many low-cost systems
use microcontrollers like Arduino to control these sensors and help the vehicle avoid collisions.
However, most of these systems focus only on obstacle detection and lack critical features such
as temperature monitoring, which is essential for electric vehicle safety [4].
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B. Battery Management Systems:
Battery Management Systems (BMS) play an important role in keeping the battery of an electric
vehicle safe and long-lasting. They help by keeping track of things like temperature, voltage, and
current. This is important because if the battery. Overheats or malfunctions, it can become
dangerous. Different types of BMS are available — some are simple and low-cost, while others
are more advanced and expensive. [2] Depending on the vehicle type and the budget, the system
often needs to be customized to fit the exact requirements.

lll. BLOCK DIAGRAM
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Figure 1: Block Diagram of the Obstacle Detection and Battery Monitoring System
using Arduino UNO

Figure 1 shows the block diagram of the obstacle detection and battery monitoring system. It
illustrates how the input sensors -Ultrasonic Sensor, LM35 Temperature Sensor, and INA219 Current
Sensor — are connected to the Arduino Uno microcontroller. [4] The Arduino processes the data and
sends output commands to the Motor Driver and LCD Display. This visual overview helps understand
how the components work together to ensure safe and efficient electric vehicle operation.

The system is designed to be cost-effective, efficient, and easily scalable for real-world EV applications.

IV. METHODOLOGY
A. Hardware Design:
1. Arduino Uno (ATmega328P): Serves as the central processing unit to manage all sensors and
control logic.
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2. Ultrasonic Sensors (HC-SR04): Detect obstacles by measuring the time it takes for ultrasonic
waves to reflect from nearby objects.

3. Motor Driver (L298D): Controls gear motors based on commands from the Arduino, enabling
motion control in response to obstacle detection.

4. A Li-ion Battery with an LM35 Temperature Sensor: Provides power to the system and
enables thermal monitoring of the battery pack.

5. INA219 DC Current Sensor: Measures both current and voltage drawn by the load, which is
also used for estimating the battery’s State of Charge (SoC).

6. A 20x4 LCD with I12C interface is used to display real-time information such as:
e  Battery Temperature (°C) from the LM35 sensor.
e  Current (A) and Voltage (V) via the INA219 sensor.
e  State of Charge (SoC) calculated from the voltage and current readings.

B. Software Design:

The Arduino Integrated Development Environment (IDE) was used to write and upload the code

for processing sensor data and generating output signals. The core algorithm processes the

distance data from the ultrasonic sensors to trigger warnings or automatic braking when an

obstacle is detected within a predefined range. [3]

The obstacle detection logic follows these steps:

1. Data Collection: The ultrasonic sensor continuously sends ultrasonic waves and measures
the time it takes for the signal to return.

2. Distance Calculation: The Arduino processes the time data to compute the distance from the
vehicle to the obstacle.

3. Action Trigger: If the distance falls below a safety threshold, the system triggers a warning
and can automatically control the vehicle’s braking system.

V. HARDWARE IMPLEMENTATION & SETUP
The proposed system was physically implemented using a four-wheeled chassis to simulate an electric
vehicle platform. The setup incorporates all essential hardware components, including the Arduino
Uno microcontroller, ultrasonic sensors, motor driver, Li-ion battery, LM35 temperature sensor,
INA219 current sensor, and a 20x4 12C LCD display. These components are securely mounted and
properly wired to ensure reliable system performance. [5]
The ultrasonic sensor is mounted on the front of the vehicle using a servo motor, enabling directional
scanning. The Arduino Uno board, motor driver (L298D), and battery pack are installed on the upper
base of the chassis. The LCD display is programmed to show real-time values such as battery
temperature, voltage, current, and State of Charge (SoC). [1]
This prototype successfully demonstrates the practical implementation of an integrated obstacle
detection and battery monitoring system, designed for compact and cost-effective electric vehicle
applications.

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This
license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for

non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NC

this work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.15555515 487



http://www.ijirid.in/

ISSN (Online): 2583-648X

1 # International Journal of Ingenious Research, Invention and Development
An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal

Volume 4 | Issue 2 | April 2025

www.ijirid.in

Figure 2: Assembled Prototype of the Obstacle Detection and Battery Monitoring System

VI. HARDWARE TESTING
The system was assembled and tested under real-world conditions. The obstacle detection system
accurately detected nearby obstacles within a predefined range and triggered necessary actions. The
temperature monitoring system effectively recorded variations and optimized battery usage. [6]

VII. RESULT ANALYSIS

A. Obstacle Detection Performance:
1. Performance of Obstacle Detection System at Various Distances:

Distance Detection Reaction Missed
(cm) Accuracy (%) | Time (s) | Detections (%)
50cm 99.2% 0.45 0.8%
100cm 98.8% 0.50 1.2%
200cm 98.5% 0.55 1.5%
300cm 97.8% 0.60 2.2%
400cm 96.5% 0.70 3.5%

2. Accuracy Distribution of Obstacle Detection System:

Obstacle Detection Accuracy

Missed Detections

Accurate Detections

Figure 3: Accuracy Distribution of Obstacle Detection System
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3. Obstacle Detection Accuracy vs. Distance:

Obstacle Detection Accuracy vs. Distance
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Figure 4: Obstacle Detection Accuracy vs. Distance

Description: Demonstrates how accuracy slightly decreases as distance increases due to
sensor limitations.

4, Reaction Time vs. Distance:
Reaction Time vs, Distance for Obstacle Detection
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Figure 5: Reaction Time vs. Distance

Description: Highlights how reaction time increases with distance, making closer obstacles
easier to detect.
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B. Battery Temperature Monitoring Performance:
1. Thermal Performance of Battery Management System (BMS):

Initial Final
Load Condition Temperature Temperature Cooling Efficiency
(°c) (°C)
No Load 30°C 32°C Stable, no excessive rise
Low Load (25%) 31°C 33°C 8% reduction in overheating
Medium Load 10% improvement over
2 o
(50%) 32°C 35°C standard BMS
High Load (75%) 35°C 39°C 15% lower peak temperature
Extreme Load 18% better temperature
38°C 42°C
(100%) control

2. Line Graph: Battery Temperature Monitoring

Battery Temperature Monitoring under Different Loads
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Figure 6: Battery Temperature Monitoring Under Different Loads.

Description: lllustrates how temperature rises with increasing load, proving the effectiveness of BMS
cooling.

VIil. CONCLUSION AND FUTURE SCOPE
1. The Obstacle Detection System achieved 99.2% accuracy at short distances and maintained 96.5%
accuracy at long distances.
2. The Battery Management System (BMS) successfully controlled temperature rise, reducing
overheating by up to 18% under extreme load conditions.
3. [If using this data, make sure it's supported by earlier charts, or adjust if abstract avoids numbers
in obstacle detection compared to conventional systems.
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Future Improvements:

1. Integrate Al-based obstacle detection to enhance accuracy in real-world environments.
Optimize cooling efficiency through advanced liquid cooling techniques.

Conduct large-scale testing on full-sized EV models for real-world validation.
Incorporate LiDAR and thermal imaging to enhance autonomous vehicle capabilities.

LA ol

Implement solar battery charging during driving to improve energy efficiency and extend range.
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