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Experiment 1: Battery Performance Analysis
Objective:

Analyze battery performance over time to predict battery life and optimize charging cycles using
publicly available EV dataset.

Introduction:

This experiment focuses on tracking the performance degradation of EV batteries through
continuous monitoring and analysis. The goal is to predict the remaining useful life (RUL) of the
battery and optimize charging cycles to extend its lifespan.

Materials Needed:

e Publicly available EV battery dataset (e.g., from Kaggle, UCI Machine Learning
Repository)

e Computer with Python/R for data analysis

e Power Bl for visualization

Procedure:

1. Data Collection:
o Download a publicly available dataset containing voltage, current, temperature,
and State of Charge (SoC) data for EV batteries.
2. Data Preprocessing:
o Clean the dataset to remove inconsistencies or errors.
o Normalize the data to ensure consistency across different measurements.
3. Time Series Analysis:
o Use Python/R to perform time series analysis on the battery data.
o Plot voltage, current, and temperature against time to identify trends in
performance degradation.
o Calculate the rate of degradation for each parameter.
4. Regression Modeling:
o Develop regression models to predict the remaining useful life (RUL) of the
battery.
o Use historical data to train the models, ensuring they can accurately predict
future performance.
o Validate the models using a portion of the data set aside for testing.
5. Clustering Analysis:
o Apply clustering techniques to identify patterns in battery usage and health.
o Group similar usage patterns and analyze their impact on battery performance.
6. Visualization:
o Create Power Bl dashboards to visualize battery health metrics,
charge/discharge cycles, and predicted RUL.
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o Use heatmaps to display temperature variations and their impact on battery life.
Expected Results:

e Detailed insights into battery performance degradation over time.
e Predictive models for estimating the remaining useful life (RUL) of the battery.
e Visualizations highlighting critical performance metrics and trends.

Conclusion:

This experiment provides valuable data on the long-term performance of EV batteries, helping
to predict their lifespan and optimize charging cycles for enhanced efficiency and durability.
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Experiment 2: Energy Consumption Analysis
Objective:

Understand energy consumption patterns to improve efficiency and range using publicly
available EV dataset.

Introduction:

This experiment aims to analyze the energy consumption of EVs under various driving
conditions. The goal is to identify factors affecting energy usage and develop models to predict
consumption based on driving patterns.

Materials Needed:

e Publicly available EV energy consumption dataset (e.g., from Kaggle, UCI Machine
Learning Repository)
GPS data for routes and elevation
Computer with Python/R for data analysis
Power Bl for visualization

Procedure:

1. Data Collection:
o Download a publicly available EV dataset containing power consumption data,
GPS data, and trip information (distance, speed, elevation).
2. Data Preprocessing:
o Clean and preprocess the data, removing any inconsistencies or errors.
o Normalize the data to standardize measurements across different trips.
3. Descriptive Statistics:
o Calculate descriptive statistics (mean, median, standard deviation) for power
consumption.
o ldentify average energy usage per kilometer/mile.
4. Correlation Analysis:
o Perform correlation analysis to identify factors affecting energy consumption
(e.g., speed, elevation, acceleration).
o Use scatter plots and correlation matrices to visualize relationships.
5. Machine Learning Models:
o Develop machine learning models (e.qg., linear regression, decision trees) to
predict energy consumption based on driving patterns.
o Train the models using historical data and validate their accuracy using a test
dataset.
o Evaluate model performance using metrics such as R-squared and mean
absolute error (MAE).
6. Visualization:
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o Create Power Bl dashboards to display energy consumption per trip, average
energy usage, and the impact of driving conditions.

o Develop predictive dashboards allowing users to input driving parameters and
estimate energy consumption.

Expected Results:

e Detailed analysis of energy consumption patterns under various driving conditions.
e Predictive models for estimating energy consumption based on driving behavior.
e Visualizations highlighting key factors affecting energy usage.

Conclusion:

This experiment provides insights into the factors influencing energy consumption in EVs,
helping to optimize driving patterns and improve overall efficiency and range.
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Experiment 3: Predictive Maintenance

Objective:

Predict maintenance needs to reduce downtime and extend the life of EV components using
publicly available EV dataset.

Introduction:

Predictive maintenance involves analyzing historical maintenance data and real-time sensor
data to forecast when maintenance actions should be performed. This experiment aims to
predict potential failures and schedule maintenance proactively.

Materials Needed:

Publicly available EV maintenance dataset (e.g., from Kaggle, UCI Machine Learning
Repository)

e Sensor data (vibration, temperature, noise) from critical components
e Data logging tools
e Computer with Python/R for data analysis
e Power Bl for visualization
Procedure:
1. Data Collection:
o Download a publicly available dataset containing historical maintenance records
and sensor data (vibration, temperature, noise).
2. Data Preprocessing:
o Clean and preprocess the data, removing any inconsistencies or errors.
o Normalize the sensor data for consistent measurement units.
3. Anomaly Detection:
o Use statistical methods and machine learning techniques (e.g., isolation forests,
autoencoders) to detect anomalies in sensor data.
o ldentify unusual patterns that may indicate potential failures.
4. Predictive Modeling:
o Develop predictive models (e.g., random forests, gradient boosting) to forecast
maintenance needs based on historical and real-time data.
o Train the models using historical maintenance records and validate their
accuracy using sensor data.
o Evaluate model performance using metrics such as precision, recall, and F1
score.
5. Root Cause Analysis:

o Perform root cause analysis for identified issues to understand the underlying
factors.
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o Use decision trees and other classification techniques to identify common failure
modes.
6. Visualization:
o Create Power Bl dashboards to display maintenance schedules, anomaly alerts,
and predictive maintenance insights.
o Develop detailed component health reports with historical and predicted
maintenance actions.

Expected Results:

e Predictive models for forecasting maintenance needs based on historical and real-time
data.
Anomaly detection system to identify potential failures before they occur.
Visualizations highlighting maintenance schedules, alerts, and insights.

Conclusion:

This experiment helps in proactively scheduling maintenance actions, reducing downtime, and
extending the lifespan of critical EV components. By predicting potential failures, the reliability
and efficiency of the EV can be significantly improved.
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Experiment 4: Driving Behavior Analysis
Objective:

Analyze driving behavior to promote safer and more efficient driving practices using publicly
available EV dataset.

Introduction:

Understanding driving behavior can help in optimizing the performance and safety of EVs. This
experiment aims to categorize different driving styles, identify risky behaviors, and analyze their
impact on energy consumption and vehicle wear and tear.

Materials Needed:

e Publicly available EV dataset with driving behavior data (acceleration, braking, speed,
GPS data)

e Computer with Python/R for data analysis

e Power Bl for visualization

Procedure:

1. Data Collection:

o Download a publicly available EV dataset containing acceleration, braking,
speed, and GPS data. Possible sources include Kaggle, UCI Machine Learning
Repository, or governmental transportation websites.

2. Data Preprocessing:

o Clean the dataset to remove inconsistencies or errors.

o Normalize the data to ensure consistency across different measurements.

o Ensure data is synchronized correctly, especially GPS data with driving behavior
metrics.

3. Clustering Analysis:

o Apply clustering techniques (e.g., K-means, hierarchical clustering) to categorize
different driving styles based on acceleration, braking, and speed data.

o Identify clusters representing aggressive, moderate, and conservative driving
behaviors.

4. Risky Behavior Identification:

o Use classification models (e.g., decision trees, logistic regression) to identify risky
driving behaviors such as harsh braking, rapid acceleration, and speeding.

o Train the models using labeled data indicating safe and risky behaviors.

5. Impact Analysis:

o Analyze the impact of different driving behaviors on energy consumption and
vehicle wear and tear.

o Use correlation analysis to identify relationships between driving patterns and
vehicle performance metrics.
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6. Visualization:
o Create Power Bl dashboards displaying driving behavior patterns categorized by
driver or trip.
o Develop risk assessment reports and recommendations for improving driving
practices.
o Visualize the impact of driving behavior on energy consumption and vehicle wear
and tear.

Expected Results:

Categorization of driving behaviors into clusters representing different styles.
Identification of risky driving behaviors and their impact on energy consumption and
vehicle wear.

e Visualizations highlighting driving patterns and providing recommendations for safer and
more efficient driving practices.

Conclusion:

This experiment provides insights into driving behaviors and their impact on EV performance.
By identifying and promoting safer and more efficient driving practices, the overall efficiency and
safety of the vehicle can be improved.
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Experiment 5: Route Optimization
Objective:

Optimize routes to minimize energy consumption and travel time using publicly available EV
dataset.

Introduction:

Optimizing routes can significantly enhance the efficiency and range of an EV. This experiment
focuses on analyzing historical trip data and developing algorithms to suggest the most
energy-efficient and time-effective routes.

Materials Needed:

Publicly available EV dataset with GPS data and energy consumption metrics

Traffic and road condition data (e.g., via APIs from Google Maps, HERE, or government
transportation websites)

Computer with Python/R for data analysis

Power Bl for visualization

Procedure:

1. Data Collection:
o Download a publicly available EV dataset containing GPS data and energy
consumption metrics.
o Collect traffic and road condition data from external APls.
2. Data Preprocessing:
o Clean and preprocess the dataset to remove inconsistencies or errors.
o Normalize the data for consistent measurement units.
3. Route Analysis:
o Analyze historical trip data to identify patterns in energy consumption for different
routes and conditions.
o Use descriptive statistics to summarize energy usage per trip segment.
4. Optimization Algorithms:
o Develop optimization algorithms (e.g., Dijkstra’s, A*) to identify the most
energy-efficient routes.
o Integrate traffic and road condition data to refine the route suggestions.
5. Machine Learning Models:
o Train machine learning models to predict traffic conditions and road
characteristics based on historical data.
o Use these predictions to dynamically optimize routes in real-time.
6. Visualization:
o Create Power Bl maps displaying optimal routes with energy consumption
estimates.

11
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o Develop interactive trip planners allowing users to input start and end points and
receive optimized route suggestions.

Expected Results:

e Identification of the most energy-efficient routes based on historical data and real-time
conditions.

e Predictive models for traffic and road conditions to optimize routes dynamically.

e Visualizations highlighting optimal routes and potential energy savings.

Conclusion:

This experiment provides valuable insights into route optimization for EVs, helping to minimize
energy consumption and travel time. By using historical data and real-time conditions, the
efficiency and range of the vehicle can be significantly improved.

12
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Experiment 6: Charge Point Utilization

Objective:

Analyze and optimize the usage of charging infrastructure using publicly available EV dataset.
Introduction:

Effective utilization of charging infrastructure is essential for the smooth operation of EVs. This
experiment aims to analyze charge point usage patterns and develop strategies to optimize their
deployment and use.

Materials Needed:

e Publicly available EV charging station usage dataset
e Data logging tools

e Computer with Python/R for data analysis

e Power Bl for visualization

Procedure:

1. Data Collection:
o Download a publicly available dataset on EV charging station usage, including
frequency, duration, and energy supplied per session. Possible sources include
Open Charge Map, government transportation websites, or energy utility
companies.
2. Data Preprocessing:
o Clean and preprocess the dataset to remove inconsistencies or errors.
o Normalize the data to ensure consistency across different measurements.
3. Utilization Analysis:
o Perform utilization analysis to identify patterns in charge point usage.
o Calculate metrics such as average usage duration, peak usage times, and
energy supplied per session.
4. Predictive Modeling:
o Develop predictive models to forecast future demand for charge points based on
historical usage patterns.
o Use time series analysis to predict peak usage periods.
5. Optimization Techniques:
o Apply optimization techniques to suggest optimal charge point deployment and
usage strategies.
o Consider factors such as location, accessibility, and usage patterns.
6. Visualization:
o Create Power Bl dashboards displaying charge point usage statistics and
forecasts.
o Develop heatmaps indicating high-demand areas and times for charging.

13
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Expected Results:

e Detailed analysis of charge point utilization patterns and peak usage times.
e Predictive models for forecasting future demand for charging infrastructure.
e Visualizations highlighting optimal charge point deployment and usage strategies.

Conclusion:

This experiment provides insights into the effective utilization of charging infrastructure for EVs.
By analyzing usage patterns and predicting future demand, the deployment and use of charge
points can be optimized, ensuring better accessibility and efficiency.

14
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Experiment 7: Environmental Impact Assessment
Objective:

Assess the environmental impact of EV usage and identify ways to reduce it using publicly
available EV dataset.

Introduction:

Evaluating the environmental impact of EV usage involves analyzing energy consumption and
emissions data. This experiment aims to assess the carbon footprint of EVs and explore
strategies to minimize their environmental impact.

Materials Needed:

e Publicly available EV energy consumption and emissions dataset
e Data logging tools
e Computer with Python/R for data analysis
e Power Bl for visualization
Procedure:

1. Data Collection:

o Download a publicly available dataset containing energy consumption data and
emissions information from different energy sources. Possible sources include
governmental environmental agencies and research institutions.

2. Data Preprocessing:

o Clean and preprocess the data to remove inconsistencies or errors.

o Normalize the data to ensure consistency across different measurements.
3. Carbon Footprint Analysis:

o Calculate the carbon footprint of the EV based on its energy consumption and the
emissions data of the energy sources.

o Perform scenario analysis to evaluate the impact of different energy mixes on the
carbon footprint.

4. Life Cycle Assessment (LCA):

o Conduct a life cycle assessment to evaluate the environmental impact of the EV
and its components from production to disposal.

o ldentify key stages in the life cycle that contribute to the environmental impact.

5. Optimization Strategies:

o Explore strategies to minimize the environmental impact, such as using
renewable energy sources and improving energy efficiency.

o Analyze the potential benefits of these strategies on the overall carbon footprint.

6. Visualization:
o Create Power Bl reports on carbon footprint and environmental impact.

15
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o Develop comparative dashboards showing scenarios with different energy mixes
and their impact on emissions.
Expected Results:

e Detailed assessment of the carbon footprint and environmental impact of EV usage.
e Life cycle assessment highlighting key stages contributing to the environmental impact.
e Visualizations comparing the environmental impact of different energy mix strategies.

Conclusion:

This experiment provides valuable insights into the environmental impact of EVs. By assessing
the carbon footprint and exploring strategies to reduce emissions, the sustainability of EVs can
be significantly improved.
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REACH OUT TO US

DIYguru Mobility Pvt. Ltd. 374, MG Road, Delhi - 110030 Ph: 011-42340578 / 9910918719
E-Mail: support@diyguru.org

CENTER FOR FUTURE MOBILITY

OFFICE LOCATIONS (COEs)
Delhi (HQ) 374, MG Road, Delhi — 110030

Pune (COE) 523, Gera’s Imperium Rise, Wipro Circle, Rajiv Gandhi Infotech Park, Hinjewadi
Phase 2, Pune, Maharashtra 411057, India

Mumbai (COE) 5th Floor, Ark-7, Station Rd, next to Rangoli Sarees, Juhu Chandan Society,
Jambli Naka, Thane West, Thane, Maharashtra 400601, India

Bangladesh: DIYguru, Level 6, Niketan, Gulshan, Dhaka 1212

Malaysia: DIYguru, No 06-01 Jalan Padan, Johar Bahru
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