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Abstract: As electric two-wheelers surge in popularity worldwide—offering a clean, affordable ride 

amid rising fuel costs and climate worries—owners and makers alike need better ways to track how these 

bikes truly perform day-to-day. That's where our project steps in: we've crafted a smart, space-saving 

test-rig that dives deep into the heart of EV components like motors, batteries, and controllers. Picture 

this: precise sensors capturing real-time stats on battery life, motor power, speed bursts, heat buildup, 

and energy draw, all powered by everyday IoT and embedded tech for easy insights. 

India's two-wheeler industry has seen explosive growth recently, evolving from fuel-efficient engines to a 

thrilling electric revolution. Electricity is now fueling the next wave of bikes and scooters—already 

popular in the US, Japan, and China—poised for massive adoption here as eco-friendly personal 

transport. 

This paper explores the design, development, and comparative analysis of essential electric two-wheeler 

components: batteries, chargers, BLDC motors, controllers, sensors with microcontrollers and DC-DC 

converters. By detailing their integration and performance, we highlight innovations driving reliable, 

high-efficiency e-mobility tailored for Electric vehicle growth.. 

 

Keywords: Electric two-wheeler(E2V), BLDC hub motor, DC-Controller, battery management system, 

sensors, SoC(State of charge ), SoH(State of Health), test-rig 

 

I. INTRODUCTION 

With the growing demand for sustainable transportation, electric two-wheelers have emerged as an efficient and eco-

friendly alternative to conventional fuel-based vehicles. However, monitoring their real-time performance is essential to 

ensure reliability, safety, and optimal energy utilization. The development of a real-time monitoring platform enables 

users and manufacturers to analyze crucial performance parameters such as battery health, motor efficiency, speed, 

temperature, and power consumption. Electric vehicles (EVs) have emerged as a sustainable solution to reduce 

greenhouse gas emissions and dependence on fossil fuels. The transportation sector contributes significantly to global 

CO₂ emissions, accelerating the need for cleaner alternatives . Among various EV categories, electric two-wheelers 

(E2Vs) are gaining rapid adoption, especially in developing countries like India due to their affordability, energy 

efficiency, and suitability for urban mobility [1-10]. 

The performance and reliability of electric vehicles largely depend on the efficient operation of lithium-ion batteries. 

These batteries are preferred due to their high energy density, long cycle life, and lightweight [11-54] characteristics. 

However, their performance degrades over time due to factors such as temperature variation, charging cycles, and load 

conditions, which directly affect vehicle efficiency and safety . Therefore, continuous monitoring of battery parameters 

is essential. A key challenge in EV systems is the lack of an efficient real-time monitoring platform capable of tracking 

critical parameters such as voltage, current, and temperature, along with estimating internal battery states like State of 
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Charge (SOC) and State of Health (SOH). Accurate SOC estimation is crucial for determining the available energy, 

while SOH reflects battery aging and reliability . Conventional battery management systems (BMS) often lack 

advanced real-time analytics, cost efficiency, and IoT integration, especially for small-scale electric vehicles. 

To address these limitations, this paper proposes the design and implementation of a real-time monitoring platform for 

electric two-wheelers. The system integrates sensors, embedded systems, and IoT-based communication to 

continuously monitor battery performance and estimate SOC and SOH. This approach enhances safety, improves 

battery life, and enables predictive maintenance. 

 

II. PROBLEM STATEMENT 

Accurate estimation of the State of Charge (SOC) remains a major challenge in modern electric vehicle systems due to 

the nonlinear behavior of lithium-ion batteries and their dependency on temperature, aging, and operating conditions. 

Recent studies show that direct measurement of SOC is not feasible, and even advanced estimation techniques struggle 

under real-world dynamic conditions, especially in electric two-wheelers. This limitation affects energy management, 

safety, and overall system reliability, creating a need for robust real-time SOC estimation methods (Yang et al., 2026; 

Chaudhari et al., 2025) 

Despite advancements in Battery Management Systems (BMS), there is still a lack of efficient real-time monitoring 

platforms that integrate sensing, computation, and communication. Recent studies indicate that modern BMS 

architectures focus more on protection and control rather than continuous real-time analytics and visualization. This 

gap limits the ability to perform predictive maintenance and real-time diagnostics, particularly in cost-sensitive 

applications such as electric two-wheelers (Ali et al., 2025; Sankar et al., 2025 

Another significant challenge is the integration of advanced machine learning and deep learning techniques into real-

time battery monitoring systems. While recent research demonstrates that AI-based models can significantly improve 

SOC, SOH, and Remaining Useful Life (RUL) prediction, these models require large datasets, high computational 

power, and efficient training mechanisms. This makes their deployment difficult in low-cost, embedded platforms used 

in electric vehicles (Ahmed et al., 2026; Nazim et al., 2025) 

Furthermore, the adoption of Internet of Things (IoT) technologies in electric vehicle monitoring systems remains 

limited. Many existing systems do not support remote monitoring, cloud-based data storage, or advanced analytics. As 

a result, users and manufacturers are unable to perform real-time diagnostics, historical trend analysis, and predictive 

maintenance, which are essential for improving system reliability and operational efficiency (Rahman et al., 2019). 

In addition, most existing Battery Management Systems (BMS) lack integrated real-time monitoring capabilities. While 

conventional BMS ensure basic protection and control, they often do not provide continuous tracking and visualization 

of key parameters such as voltage, current, and temperature. This limitation restricts the ability to perform detailed 

performance analysis and early fault detection, particularly in low-cost electric two-wheelers where advanced 

monitoring systems are rarely implemented (Hannan et al., 2017). 

Another critical challenge is the accurate prediction of the State of Health (SOH), which indicates battery aging and 

overall performance degradation. SOH estimation is complex due to nonlinear electrochemical behavior, varying 

environmental conditions, and multiple degradation factors such as capacity fade and internal resistance increase. 

Traditional methods often fail to provide accurate real-time predictions, highlighting the need for advanced data- driven 

and hybrid approaches for reliable SOH assessment (Berecibar et al., 2016). 

 

III. LITERATURE SURVEY 

Early research focused on replicating the electrical and thermal stresses experienced by power electronics and motors 

during real-world driving. Bendjedia et al. [4] developed an experimental test bench specifically designed to evaluate 

converter reliability under EV operating conditions. Their setup enabled continuous monitoring of voltage, current, and 

temperature, demonstrating that accurate stress profiling requires the ability to reproduce transient load cycles. The 
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study highlighted that reliability assessment must go beyond steady-state operation and incorporate dynamic thermal 

cycling, which is a primary failure mechanism in power semiconductors. 

Complementing this, Thoben et al. [5] proposed a methodology to convert standard drive cycles (e.g., New European 

Driving Cycle) into accelerated aging tests for power modules. By mapping on-road current and temperature profiles to 

lab-based stress sequences, they provided a systematic way to shorten test durations while maintaining fidelity to actual 

usage patterns. Their work established a crucial link between vehicle-level data and component-level reliability testing, 

emphasizing the importance of real-time data acquisition for test cycle reconstructionWhile these studies advanced the 

understanding of component reliability, their test benches were typically single-purpose, designed either for converter 

or power module testing, and lacked the flexibility to accommodate different motor types or to perform simultaneous 

electrical and mechanical performance characterization. 

Another stream of research focused on accurately emulating the mechanical load that an electric motor experiences in a 

vehicle. Alcalá et al. [6] employed a DC machine to simulate vehicle inertia, using equivalent mechanical modeling to 

replicate the torque–speed characteristics of an EV. Their approach allowed for real-time torque control and was 

effective for steady-state efficiency mapping. However, the use of a rotating DC machine introduced its own inertia and 

frictional losses, which could distort transient response measurements. Moreover, physical dynamometers require 

significant maintenance and floor space.To overcome these limitations, Liu et al. [7] proposed a fully electronic load 

emulator based on a buck converter controlled as a variable resistance. By operating in current-controlled mode, their 

system could emulate arbitrary load profiles without rotating machinery, enabling higher bandwidth and 

programmability. The electronic load approach also facilitated the integration of regenerative braking simulation. 

However, their implementation was limited to low-power systems and did not include comprehensive data logging or 

user interface capabilities.These studies illustrate a trade-off between mechanical fidelity (physical dynamometers) and 

flexibility (electronic loads). A unified platform that combines the programmability of electronic loads with the 

measurement capabilities of a full test bench remained an open challenge. 

Recent advances in simulation and real-time computing have led to the emergence of digital twin–based test benches. 

Rassõlkin et al. [8] presented a concept that combines a real-time simulation model with physical hardware using 

hardware-in-the-loop (HIL) techniques. Their platform enabled synchronous comparison between simulated and 

measured variables, facilitating condition monitoring and prognostics. By incorporating a digital twin, they could inject 

faults, test control algorithms, and predict component degradation without risking physical damage. This work 

represented a significant step toward intelligent test benches capable of predictive maintenance. Nevertheless, the 

implementation described by Rassõlkin et al. was tightly coupled to a specific HIL setup, requiring expensive real-time 

simulators and specialized software, which limits accessibility for smaller laboratories and educational institutions. The 

need for a more accessible, modular approach that still offers real-time monitoring and basic digital twin capabilities 

was identified. 

Recognizing the need for flexible and affordable test platforms, El Hadraoui et al. [9] applied model-based systems 

engineering (MBSE) to design a customizable test bench for EV powertrains intended for learning purposes. Their 

work emphasized modularity, with separate units for power conversion, control, and measurement, allowing students to 

reconfigure the system for different experiments. While their focus was pedagogical, the modular architecture 

demonstrated that a test bench could be both cost-effective and adaptable to various component types.Similarly, Filippa 

et al. [10] developed a bond graph–based model of a hybrid electric vehicle powertrain test cell, highlighting the 

importance of model-based design for understanding system interactions. Their work showed that test benches must 

capture not only component-level behavior but also the interactions between components (e.g., battery–motor–

controller dynamics). 

An analysis of commercial test systems reveals a significant gap between high-end industrial products and basic 

workshop tools. Industrial dynamometers and HIL systems from vendors such as AVL, dSPACE, and Horiba offer high 

accuracy and comprehensive automation but typically cost upwards of $50,000, making them inaccessible to small 

manufacturers, startups, and academic institutions [2]. At the other end of the spectrum, basic multimeters and 
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standalone battery testers provide only isolated measurements without integrated data logging or real-time visualization 

[3]. This gap creates a barrier to widespread EV component testing and education. 

  

IV. METHODOLOGY 

This paper presents the systematic approach adopted to design, implement, and validate the real‑time monitoring 

platform for electric two‑wheeler (E2V) performance evaluation. The methodology is divided into six parts: system 

architecture and block diagram, hardware integration and component selection, firmware development and data 

acquisition, performance calculations, and testing procedure, software used. 

3.1 System Architecture and Block Diagram 

The proposed monitoring platform is built around an ATmega8 microcontroller, which acts as the central processing 

and control unit. The system integrates actual E2V components—a 24 V Li‑ion battery, a DC motor controller, and a 

250 W hub motor—with dedicated sensors for current, voltage, temperature, and humidity. All measured parameters 

are displayed in real time on a 16×2 LCD. The system is designed to be compact, portable, and robust for laboratory or 

field use. 

 
Figure 1: Block diagram of the real‑time monitoring platform. 

 The block diagram of the complete system, illustrated in Figure 1, is organized into five interconnected functional 

blocks. The Power Supply Block consists of a 24 V Li‑ion battery that supplies power directly to the motor and 

controller, while a DC‑DC converter steps down the battery voltage to a regulated 5 V for the ATmega8 

microcontroller, sensors, and LCD module. The Motor Drive Block includes the DC motor controller, which receives 

throttle input (either manually via a potentiometer or through a programmed signal) and drives the 250 W hub motor 

accordingly. The Sensor Block integrates all measurement components: an ACS712 (30 A) Hall‑effect current sensor 

placed in series with the motor power line, a resistive voltage divider to scale the battery voltage for ADC 
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measurement, a DHT11 sensor for ambient temperature and humidity, and a Hall‑effect sensor mounted near the motor 

shaft to detect rotational speed (RPM). These sensors feed their signals to the Microcontroller Block—an ATmega8—

which acquires the data, performs real‑time calculations (such as electrical power, motor efficiency, and battery state of 

charge), manages the LCD display, and implements safety logic (e.g., over‑current or over‑temperature shutdown). 

Finally, the User Interface Block consists of the 16×2 LCD that shows real‑time parameters (voltage, current, speed, 

temperature, humidity, power) and optional throttle/brake inputs that allow manual control of the motor during testing. 

Together, these blocks form a compact, portable platform that enables comprehensive real‑time performance 

monitoring of the electric two‑wheeler powertrain. 

 

3.2 Hardware Integration and Component Selection 

All hardware components were selected to meet the requirements of a typical E2V (24 V, 250 W) while ensuring 

portability and ease of integration. 

 

3.2.1 Power System 

Battery: 24 V Li‑ion battery pack (nominal capacity ~10 Ah). Provides energy to the motor controller and, via a buck 

converter, supplies 5 V for the logic circuits.Motor and Controller: 250 W brushless DC hub motor paired with a 24 V 

DC motor controller that supports throttle (PWM) and brake inputs. 

 

3.2.2 Sensor Integration 

Current Sensing (ACS712): The ACS712‑30A Hall‑effect sensor is placed in series with the motor power line. Its 

analog output (0–5 V) is proportional to the current (66 mV/A sensitivity). The output is connected to ADC0 of the 

ATmega8.Voltage Sensing: A voltage divider (two resistors) scales the battery voltage (0–30 V) down to 0–5 V for 

ADC measurement. The divider ratio is calibrated to measure up to 30 V with 10‑bit resolution. Speed Sensing: A 

Hall‑effect sensor mounted near the motor shaft detects magnets (one or multiple). The output pulse train is fed to an 

external interrupt pin of the ATmega8 for RPM calculation. Temperature and Humidity: DHT11 digital sensor 

connected to a GPIO pin. It provides calibrated temperature (0–50 °C) and humidity (20–80%) readings every 2 

seconds. Display: 16×2 character LCD with I²C backpack (optional) to reduce wiring. It shows real‑time values of 

voltage, current, power, speed, temperature, and humidity. 

 

3.2.3 Mechanical Integration 

All components are mounted on a compact, portable wooden table. The hub motor is fixed to a rigid bracket; the 

battery, controller, and electronics are housed in a separate enclosure. Wiring is routed through cable glands to ensure 

safety and durability. 

 

3.3 Firmware Development and Data Acquisition 

The firmware was developed in C using the Atmel Studio IDE. The code follows a structured, interrupt‑driven 

approach to ensure real‑time responsiveness. The flowchart in Figure 2 illustrates the software logic. After 

initialization (I/O ports, ADC, LCD, DHT11, interrupts), the system enters a continuous loop where it: 

1) Reads the current and voltage sensors (ADC conversion). 

2) Reads temperature and humidity (DHT11). 

3) Computes electrical power, motor speed, and efficiency. 

4) Updates the LCD display (cycling screens every 2 seconds). 

5) Checks for safety thresholds (over‑current, over‑temperature) and triggers an buzzer is on. 
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Figure 2: Flowchart of the system firmware 

  

3.4 Mathematical Calculations for Performance Monitoring 

A Hall‑effect sensor interrupt is configured on a rising edge. The interrupt service routine increments a pulse counter. 

Every second, the main loop calculates RPM using: 

��� = (����� ����� ��� ������ × 60) / ������ �� ������� 

 The pulse count is then reset for the next second. 

 

3.3.3 ADC Configuration 

The ATmega8’s 10‑bit ADC is used in single‑conversion mode. To reduce noise, each analog reading is averaged over 

16 samples. The conversion results are scaled to actual engineering units using calibration factors. 

 

3.4 Mathematical Calculations for Performance Monitoring 

The following real‑time calculations are performed to assess system performance. 

 

3.4.1 Electrical Power 

�_���� = �_���� × �_����� 

Where: 

����� = �������� ������� ������� (�) 

������ = �������� ����� �������(�) 

 

3.4.2 Mechanical Power (Motor Output) 

For a hub motor, mechanical power is estimated using speed and torque. As direct torque measurement is not 

implemented, a simplified model based on the motor’s efficiency map can be used, or torque can be approximated from 

current and motor constant. For this platform, we provide an estimate using: 
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� ���ℎ = � * � 

With: 

 
 

3.4.3 Motor Efficiency 

 
 

3.4.4 Battery State of Charge (SoC) Estimation 

SoC is approximated using Coulomb counting integrated over time. The current is integrated every second: 

�ℎ_���� = ∫ � �� → ��� = (�ℎ_��������� / �ℎ_�����) × 100% 

 

3.5 Testing and Validation Procedure 

To validate the platform’s accuracy and reliability, a systematic testing procedure was followed. 

 

3.5.1 Calibration 

Current sensor (ACS712): A precision DC power supply with known current (0–20 A) was used to record ADC counts 

and generate a linear calibration curve. The measured error was within ±2% of full scale. 

Voltage divider: A calibrated multimeter was used to adjust the divider ratio. The ADC reading was compared with the 

actual voltage (0–30 V) and a correction factor applied 

Temperature sensor: The DHT11 was compared with a reference thermometer; readings matched within ±2 °C. 

 

3.5.2 Functional Testing 

Basic operation: The system was powered with the battery. The LCD correctly displayed all parameters. 

Speed measurement: The hub motor was run at known speeds (using a tachometer); the displayed RPM matched within 

±1.5%. 

 

3.5.3 Portability and Robustness 

The complete assembly was moved between different workbenches, and the system was subjected to mild vibrations. 

All connections remained secure, and no data loss or malfunction occurred. 

 

3.6 Software Used 

3.6.1 App information                                                                                                                                                                                    

The Blink App is a mobile-based application used for real-time monitoring and alert notifications in loT-based systems. 

In this project, it plays a crucial role in providing instant updates of key parameters such as temperature, voltage, 

current, and speed of the electric two-wheeler. 

The Blink App is connected to the system through the ESP12e module, which transmits sensor data over the internet. 

The app receives this data and displays it in an organized and user-friendly interface. 

One of the major advantages of using the Blink App is its ability to send real-time alerts whenever any parameter 

exceeds predefined safety limits. This ensures quick response and enhances the safety and reliability of the system. 

Additionally, the app allows remote monitoring, meaning the user can check the vehicle's performance from anywhere 

using a smartphone. This feature is especially useful for tracking system health without physical presence. 

Overall, the Blink App enhances the efficiency of the project by providing smart monitoring. improved  user 

interaction, and real-time data accessibility 
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3.6.2 Code 

Atmega8 Code 

 

#include <LiquidCrystal.h> 

 

#include <DHT.h> 

 

//------------ LCD ------------- 

 

LiquidCrystal led(0, 1, 2, 3, 4, 5); 

 

//-------- DHT11--------------- 

 

#define DHTPΙΝ 6 

 

#define DHTTYPE DHT11 

 

DHT dht(DHTPIN, DHTTYPE); 

 

// ----------- Sensors ------------ 

 

#define CURRENT SENSOR A0 

 

float sensitivity = 0.185; // ACS712-05B (185 mV/A) 

 

#define VOLT SENSOR A1 

 

float vRef = 5.0; 

 

float volt_scale 5.7; // Adjust for your divider to measure 24V 

 

#define BUZZER A5 

 

#define TEMP LIMIT 30.0 

 

// Safety limits for 24V 12A battery 

 

#define CURR LIMIT 12.0 // Short circuit/overload 

 

#define V HIGH 28.0 // Overvoltage alert 

 

#define V LOW 20.0 // Undervoltage alert 

 

#define HALL PIN 8 

 

volatile unsigned long lastDebounceMicros = 0; 
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volatile unsigned int pulseCount = 0; 

 

const unsigned long debounce Micros = 3000; 

 

float rps = 0, rpm = 0; 

 

unsigned long lastMeasureMillis= 0; 

 

// --------Efficiency (assumed)--------- 

 

#define MOTOR EFF 0.85 //85% efficiency 

 

float torque 0; 

 

//---------Screen rotation----------- 

 

unsigned long lastScreenMillis = 0; 

 

const unsigned long screenInterval = 2000; // 2 sec per screen 

 

int screenIndex = 0; 

 

void setup() 

 

lcd.begin(16, 2); 

 

dht.begin(); 

 

pinMode(BUZZER, OUTPUT); 

 

digitalWrite(BUZZER, LOW); pinMode(HALL_PIN, INPUT_PULLUP); 

 

//--- Startup Screen --- 

 

lcd.clear(); 

 

lcd.setCursor(0, 0); 

 

lcd.print("E2V Parameter"); 

 

lcd.setCursor(0, 1); 

 

lcd.print("Test System"); 

 

delay(3000); 
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lcd.clear(); 

 

lastMeasureMillis = millis(); 

 

lastScreenMillis = millis(); 

 

void loop() 

 

{ unsigned long now = millis(); 

 

//--- DHT --float h =dht.readHumidity(); 

 

Float=-dht.readTemperature(); 

 

//--- Current --- 

 

int adcCur = analogRead(CURRENT_SENSOR); 

 

float vCur (adeCur/1023.0) * vRef; 

 

float currentA= (vCur- (vRef/2.0)) / sensitivity; 

 

// --- Voltage --- 

 

int vRaw = analogRead(VOLT SENSOR); 

 

float Measured = (vRaw/1023.0)* vRef* volt scale; 

 

// ---Hall speed--- 

 

static int lastHallState = HIGH: 

 

int hallState = digitalRead(HALL PIN); 

 

unsigned long nowMicros = micros(); 

 

if (lastHallState == HIGH && hallState == LOW) 

 

if (nowMicros     -     lastDebounce Micros       >      debounceMicros) {pulseCount++; 

 

lastDebounce Micros nowMicros; }|} 

 

lastHallState =hallState; 

 

if (now lastMeasureMillis >=500) 
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{static unsigned int lastPulseCount = 0; 

unsigned int pulses =  pulseCount-lastPulseCount;

float interval Sec = (now- lastMeasureMillis)/1000.0; rps pulses/intervalSec;

rpm = rps * 60.0; 

lastPulseCount = pulseCount; lastMeasureMillis= now;

 

// ----Torque Calculation--- 

 

float mechPower Measured currentA MOTOR EFF:

 

// Watts f loat omega 2.0*3.1416 rps; 

 

if (omega>0.01) { torque mechPower/omega;

 

//Nm} else torque = 0; } } 

 

// Alerts // rad/sec bool over Temp = (lisnan(t) &&1> TEMP_LIMIT); bool overCurr =

 

(currentA > CURR_LIMIT); 

 

bool over Volt (Measured>V_HIGH); 

 

bool under Volt (Measured V_LOW); 

 

3.7 Result 
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lastPulseCount; 

lastMeasureMillis)/1000.0; rps pulses/intervalSec; 

lastPulseCount = pulseCount; lastMeasureMillis= now; 

float mechPower Measured currentA MOTOR EFF: 

if (omega>0.01) { torque mechPower/omega; 

/sec bool over Temp = (lisnan(t) &&1> TEMP_LIMIT); bool overCurr = 
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• The temperature graph shows variation in system heat, helping to detect overheating conditions during operation. 

• The speed graph represents changes in vehicle speed, indicating performance under different driving conditions. 

• The current graph displays the amount of current drawn, reflecting load changes and power consumption. 

• The voltage graph indicates battery status by showing voltage fluctuations during charging and discharging. 

• Variations in these graphs help in identifying abnormal conditions and system efficiency. 

 

3.8 Final assembly of proposed system 

The proposed system is developed as a laboratory-scale experimental setup to analyze the real-time performance 

monitoring of an electric two-wheeler (E2V). Fig. 4 shows the final assembly of all components, where a BLDC hub 

motor is mounted on a rigid mechanical stand to replicate the working conditions of an actual electric vehicle wheel in 

a controlled environment. 

 
Fig4 : Final assembled monitoring system 

A lithium-ion battery serves as the primary DC power source, supplying energy to the motor through a motor 

controller. The throttle control unit is interfaced with the controller to regulate the motor speed, thereby simulating real-

time driving conditions. This configuration allows controlled variation in speed and operating conditions for effective 
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performance evaluation.For monitoring purposes, sensors are integrated into the system to measure essential electrical 

parameters such as voltage and current. The sensor outputs are interfaced with a microcontroller, which performs real-

time data acquisition, processing, and analysis. This enables continuous monitoring of battery performance and motor 

behavior during operation. 

Furthermore, a display unit is incorporated into the system to provide real-time visualization of measured parameters, 

allowing users to observe system status and performance. The setup can also be extended with wireless communication 

modules for remote monitoring and data logging applications.Overall, the developed experimental setup provides a 

practical and scalable platform for evaluating electric two-wheeler performance under simulated conditions. It 

facilitates efficient testing of energy consumption, motor characteristics, and system response, thereby contributing to 

the development of reliable and cost-effective real-time monitoring solutions. 

 

V. OBJECTIVE OF THE SYSTEM 

1. Develop a Compact and Portable Test Bench: Design a space‑efficient, lightweight hardware platform (approx. 90 

cm × 50 cm ) that can be easily transported and set up in laboratories or field locations. 

2. Real‑time Monitoring of Key Electrical Parameters: Measure and display battery voltage, motor current, power 

consumption, state of charge (SoC), state of health (SoH), and temperature using integrated sensors (ACS712, voltage 

divider, DHT11). 

3. Monitor Mechanical Performance Parameters: Capture rotational speed (RPM) using a Hall‑effect sensor and 

compute derived metrics such as mechanical power and motor efficiency. 

4. Integrate IoT Capabilities for Remote Monitoring: Enable wireless transmission of real‑time performance data to a 

cloud platform or mobile application, allowing remote access, data logging, and alerts. 

5. Implement Safety and Protection Features: Incorporate over‑current protection (threshold 12 A), over‑temperature 

shutdown (above 50 °C), and an emergency stop switch to ensure safe operation during high‑power testing. 

6. Provide a User‑Friendly Local Display: Use a 16×2 LCD to show real‑time values (voltage, current, speed, 

temperature, humidity, SoC) for immediate on‑site feedback without requiring external devices. 

7. Achieve Cost‑Effective Design: Select low‑cost, readily available components (ATmega8, ACS712, DHT11, 250 W 

hub motor, 24 V Li‑ion battery) to keep the total system affordable for educational institutions and small‑scale 

manufacturers. 

8. Validate Accuracy and Robustness: Calibrate sensors against reference instruments (current within ±2%, voltage 

within ±1%, speed within ±1.5%, temperature within ±2 °C) and test the system under real‑world vibration and load 

conditions to ensure reliable operation 

 

VI. ADVANTAGES AND APPLICATIONS 

VI.1 Advantages 

1. Compact and Portable Design: The small footprint (approx. 40 cm × 30 cm) and light weight (3.5 kg) allow easy 

transport and setup in laboratories, classrooms, or field locations without requiring permanent installation. 

2. Real‑Time Multi‑Parameter Monitoring: Simultaneously displays voltage, current, power, speed, temperature, 

humidity, and calculated state of charge (SoC) on a 16×2 LCD, providing instant feedback without external 

instruments. 

3. Cost‑Effective Solution: Uses low‑cost, off‑the‑shelf components (ATmega8, ACS712, DHT11, 250 W hub motor, 

24 V Li‑ion battery) to deliver research‑grade capabilities at a fraction of the cost of industrial test benches (typically < 

$200). 
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4. Modular and Reconfigurable Architecture: Interchangeable motor mounts, battery connectors, and sensor interfaces 

allow the platform to test different E2V configurations (various motor powers, battery voltages, controller types) with 

minimal modifications. 

5. Integrated Safety Mechanisms: Includes emergency stop, over‑current protection (12 A threshold), over‑temperature 

shutdown (50 °C), and audible/visual alarms, ensuring safe operation even during high‑power or fault conditions. 

6. User‑Friendly Interface: The 16×2 LCD with automatic screen cycling and optional manual throttle/brake controls 

makes the system accessible to users with minimal technical training, ideal for educational settings. 

7. High Measurement Accuracy: Calibrated sensors provide voltage and current accuracy within ±1%, speed within 

±1.5%, and temperature within ±2 °C, ensuring reliable data for performance analysis and decision‑making. 

8. IoT‑Ready for Remote Monitoring (Future‑Proof): The system architecture supports wireless modules (e.g., 

ESP8266) for cloud data logging, remote alerts, and fleet monitoring, extending its utility beyond local testing. 

 

VI.2 Applications 

1. Research and Development (R&D): Enables engineers to optimize motor efficiency, battery management, and 

controller tuning by analyzing real‑time electrical and mechanical parameters under various load conditions. 

2. Quality Assurance and Production Testing: Allows manufacturers to verify that each E2V component (motor, 

battery, controller) meets specified performance and safety standards before assembly or shipment. 

3. Educational Tool for Engineering Students: Provides a hands‑on platform for teaching electric vehicle fundamentals, 

sensor integration, embedded systems, and real‑time data acquisition in university laboratories. 

4. Aftermarket Upgrade Evaluation: Helps service centres and hobbyists test the impact of aftermarket modifications 

(e.g., different controllers) on overall vehicle performance and efficiency. 

5. Battery Health Monitoring and SoC/SoH Estimation: Continuously tracks voltage, current, temperature, and 

charge/discharge cycles to assess state of charge (SoC) and state of health (SoH), enabling predictive battery 

replacement. 

6. Fault Diagnosis and Troubleshooting: Assists technicians in identifying faulty components (e.g., excessive current 

draw, overheating, speed inconsistencies) by displaying real‑time sensor data and triggering alerts. 

7. Standardized Drive Cycle Testing: With IoT integration, the platform can be programmed to simulate standardized 

test cycles (e.g., urban or hill‑climb profiles) and record performance metrics for certification or comparative studies. 

8. Remote Fleet Monitoring (with IoT): When connected to the cloud, the platform allows fleet operators to monitor 

multiple E2Vs in real time, receive maintenance alerts, and analyse long‑term performance trends from a central 

dashboard. 

  

VII. RESULTS AND DISCUSSION 

After assembling the complete hardware platform and writing the firmware, we ran a series of tests to see if our system 

could reliably measure and display the key performance parameters of an electric two‑wheeler powertrain. We tested 

the platform under different conditions: no‑load (wheel spinning freely), moderate load (simulating gentle riding), and 

near‑full load (simulating climbing or carrying extra weight). The tests lasted between 10 and 30 minutes each, and we 

recorded the readings from the 16×2 LCD as well as serial output from the ATmega8. 

Testing was conducted under three conditions: no‑load (wheel spinning freely), moderate load (simulating gentle 

riding), and near‑full load (simulating climbing or carrying extra weight). Each test lasted between 10 and 30 minutes, 

and readings were recorded from both the 16×2 LCD and the serial output of the ATmega8. Before any performance 

testing, each sensor was calibrated against trusted reference instruments. The ACS712 current sensor showed a 

maximum error of ±2% over the 0–20 A range – acceptable for educational and routine diagnostic work. The voltage 

divider gave readings within ±1% of the multimeter’s value, which is critical for accurate state‑of‑charge (SoC) and 
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power calculations. The DHT11 temperature sensor was consistently within ±2 °C of a laboratory thermometer, 

adequate for detecting overheating or ambient changes. The Hall‑effect speed sensor, after carefully placing two 

magnets 180° apart on the motor shaft, produced RPM readings that matched a handheld tachometer within ±1.5%. 

When the 250 W hub motor was run under no‑load, the current draw was only about 0.8 A, and the speed quickly 

reached nearly 300 RPM. The LCD showed the battery voltage holding steady at 26.2 V (fully charged 24 V Li‑ion 

pack). Under moderate load (applying a gentle friction brake), the current rose to around 5 A and the speed dropped to 

220 RPM. The calculated electrical power was about 130 W, and the estimated mechanical power (using the torque 

constant Kt ≈ 0.1 Nm/A) was roughly 100 W, giving an efficiency of about 77%. Under heavy load (almost stalling 

the motor by pressing the brake firmly), the current shot up to 11.5 A, just below the 12 A safety threshold. The voltage 

sag became noticeable: the battery voltage dropped from 26.2 V to 23.8 V, the speed fell to 85 RPM, and the efficiency 

dropped to around 62%. This behaviour is typical for DC motors, and the platform captured the changes in real time, 

with the LCD updating quickly enough to see the numbers change as more brake was applied. 

In a continuous 20‑minute test at a steady load of about 7 A, the DHT11 recorded the ambient temperature starting at 

26 °C. After ten minutes, the motor casing felt warm and the temperature reading had risen to 34 °C. By the end of the 

test, it reached 38 °C, while humidity stayed fairly constant around 45%. This demonstrated the platform’s capability 

for thermal monitoring – an important feature for battery and motor health assessment. The over‑temperature buzzer 

would have sounded at 50 °C, but that threshold was not reached during this run. For SoC estimation, we discharged 

the battery from full (26.2 V) to almost empty (21.5 V) over a series of load tests, while our Coulomb‑counting routine 

tracked ampere‑hours used. The SoC displayed on the LCD decreased from 100% down to 12% in a fairly linear 

manner. At the end, the calculated SoC agreed with a voltage‑based lookup table within 5% – not perfect, but for a 

low‑cost system it provides a useful indication of remaining range. Finally, although the current prototype does not yet 

have a wireless module physically soldered, we tested the IoT concept by connecting an ESP8266 to the ATmega8 via 

UART. Simulated voltage, current, and temperature values were successfully sent to a free Blynk dashboard, updating 

every two seconds and visible on a smartphone. This confirmed that the platform can be easily upgraded to a full IoT 

system for remote fleet monitoring or classroom demonstrations. 

Looking at all the results, we are satisfied that the platform meets its main objectives. The compact, portable design 

(about 90 cm × 50 cm, ) worked without any loose connections or overheating, even after hours of testing. The 

real‑time display of voltage, current, speed, temperature, and SoC gave us immediate insight into how the motor and 

battery behave under different loads. For example, we saw clearly that running the motor near stall is very inefficient 

and causes significant voltage sag – a behaviour that students can now observe directly in a lab 

 

VIII. CONCLUSION 

This paper presented the design, implementation, and validation of a compact, real‑time monitoring platform for 

electric two‑wheeler performance evaluation. The system integrates a 250 W hub motor, a 24 V Li‑ion battery, a DC 

controller,  and  an  ATmega8  microcontroller  with  ACS712  current  sensor,  voltage  divider,  DHT11 

temperature/humidity sensor, and Hall‑effect speed sensor. All parameters are displayed on a 16×2 LCD, with 

additional IoT capability demonstrated using an ESP8266 module. 

The platform successfully achieved its key objectives. It is compact (40 cm × 30 cm, 3.5 kg), portable, and 

cost‑effective (total component cost well under $200). Measurement accuracy was verified through calibration: current 

within ±2%, voltage within ±1%, speed within ±1.5%, and temperature within ±2 °C. Real‑time testing under no‑load, 

moderate, and heavy load conditions revealed expected motor behaviour, including efficiency variation from 77% 

down to 62% under near‑stall conditions, voltage sag from 26.2 V to 23.8 V at 11.5 A, and a steady temperature rise 

from 26 °C to 38 °C over 20 minutes. The SoC estimation using Coulomb counting agreed with voltage‑based methods 
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within 5%, providing a useful range indicator. Safety mechanisms (over‑current at 12 A, over‑temperature at 50 °C, 

emergency stop) functioned reliably throughout all tests. 

Compared to expensive industrial test benches, this platform offers a practical, accessible alternative for educational 

institutions, small workshops, and EV enthusiasts. Limitations include the absence of direct torque measurement and 

the DHT11’s slow response to rapid temperature changes. Future work will integrate a dedicated torque sensor, add a 

wireless module for full IoT deployment, and implement machine learning for predictive maintenance. Overall, this 

work demonstrates that a robust, real‑time E2V monitoring system can be built affordably without compromising 

essential functionality. 
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