W'

Al RESEARCH H H‘§u55 |E'r':-l U

CENTRE

Is EV a new ERA or
revolution in the
mobility industry?

WHITE PAPER
AI RESEARCH CENTRE




(v

Al RESEARCH

CENTRE

Publication Date : February 28, 2025
Authors : Al Resereach, Woxsen University
Lead Researcher : Dr. Amar Kumar Verma

Contributors : Praveen R.




TABLE OF CONTENTS

Executive Summary 03
Introduction 04
Problem Statement 06
Solution 07
Implementation & 07
Deployment

Case Studies 09
Cballepges & Future Research 10
Direction

Conclusion 11




EXECUTIVE SUMMARY

Issues of sustainability are prompting the transition from internal combustion engine (ICE)
to electric vehicles (EVs), but there are serious safety and reliability concerns for both
manufacturers and users.Failure of electric motors and component failure are two of the
most significant issues, since they account for a high percentage of EV failures. Onboard
diagnosis (OBD) equipment with advanced data collection and processing features has
evolved as essential tools to prevent these risks, enhance operation security, reduce
maintenance expenditures, and enable real-time defect detection. With predictive analysis,
automatic fault detection, and self-repairing abilities, the integration of artificial intelligence
(AI) and machine learning (ML) in fault diagnosis systems is transforming EV maintenance.
Al-based predictive maintenance lowers unplanned downtime and raises cost-effectiveness
by utilizing historical and real-time data to identify potential problems prior to occurrence.
In addition, Al-based self-healing systems adjust system parameters to minimize identified
anomalies autonomously, while machine learning algorithms classify defects based on
severity to facilitate priority intervention. Through ongoing monitoring of critical
components and warning operators of impending failures, these innovations significantly
enhance EV reliability and safety. Al-based diagnostics will be crucial to ensuring the long-
term sustainability, efficiency, and reliability of electric vehicles as they continue to evolve,
which will benefit both manufacturers and consumers.




INTRODUCTION

Issues related to sustainability and the environment are the primary drivers for electric
vehicles (EVs) to increasingly become an alternative to conventional internal combustion
(IC) engines based on fossil fuels. Nevertheless, Original Equipment Manufacturers
(OEMs) and end users are increasingly concerned about the safety and reliability of EVs
as the market grows. System failures caused by defective electric motors or other
components are among the primary concerns affecting EV performance and lifespan. As
opposed to traditional IC engines, electric motors depend on sophisticated electronic and
mechanical subsystems, so detecting problems and performing maintenance are essential
aspects of EV design. Integration of a specialized diagnostic module into the EV design
and production process in the early stages is required to solve numerous safety problems
and enhance operational security. These diagnostic systems not only safeguard motors
from unsafe operating conditions but also contribute to extending their lifespan while
significantly reducing maintenance costs.

vBy utilizing diagnostic trouble codes
(DTCs) to observe the onboard electrical
system and critical motor components,
onboard diagnostic (OBD) systems are of
vital importance in defect detection since
they enable the detection of potential
faults.Nevertheless, the capability of
conventional OBD systems—which were
originally developed for IC vehicles—to
detect some electric motor issues is
drastically constrained. Problems related
to the rotor, stator, and bearing
components usually remain unknown or
take long periods of time to detect, causing
extended vehicle down-time and added
maintenance costs. This shortcoming
highlights the need for advanced
diagnostic tools intended specifically for
EVs.

Through the provision of precise fault
codes that support precise problem
diagnostics and minimize the role of
human error in the maintenance process,
data-driven OBD systems confront these
challenges. These revolutionary diagnostic
tools maximize EV reliability using real-
time data gathering and complex fault
investigation approaches, ensuring better
operating efficiency as well as security.
Through enabling predictive analytics and
pre-fault detection, they also contribute to
the development of  cost-efficient
maintenance programs, which ultimately
reduces unplanned breakdowns and repair
costs. The creation of advanced fault

diagnostics will be of vital importance to
sustaining long-term vehicle reliability and
consumer confidence in electric mobility
with increasing use of EVs.
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Figure: Trend analysis: EV market growth and regional adoption.
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PROBLEM STATEMENT

In electric vehicles (EVs), conventional onboard diagnostic (OBD) tools are largely incapable
of detecting motor-specific faults, especially rotor, stator, and bearing faults.If undetected,
these faults can cause serious operational problems, including extended vehicle downtime,
compromised safety, and higher maintenance costs. The intricate electrical and mechanical
interdependencies of EV powertrains are not optimally adapted to generic fault detection
techniques used by conventional OBD systems, which were originally developed for internal
combustion engine (ICE) cars. Thus, ineffective maintenance procedures and extended fault
rectification are consequences of these conventional diagnostic tools' frequent failure to
detect electric motor faults correctly.

The widespread use of generic fault detection techniques leads to defective diagnostic tests,
where motor performance anomalies may go undetected or be misdiagnosed, and this can
lead to unwanted part replacements and heightened repair expenses. Sophisticated diagnosis
systems that can detect motor-specific faults in real-time are needed because of the degree
to which EVs rely on electric motors for propulsion. To meet this challenge and improve the
accuracy and efficacy of problem detection, OBD systems must utilize artificial intelligence
(AI) and machine learning (ML).

By leveraging huge volumes of real-time sensor data to more accurately detect and diagnose
faults, an Al-driven, data-driven OBD system can transform EV diagnostics. Al-driven
systems can update diagnostic programmes dynamically and learn from past experience in
real time, unlike conventional rule-based diagnostic systems.The self-learning feature allows
for easier detection of new motor faults before catastrophic failure, thus minimizing the risk
of surprise breakdowns and promoting on-time maintenance.Machine learning algorithms
can even identify major faults from wear and tear, reducing false alarms and optimizing
maintenance schedules.

Al-powered OBD technology lowers maintenance costs, enhances motor life, and increases
vehicle reliability with self-refreshing diagnostic protocols and enhanced fault detection.
Making EVs safer and more reliable, the use of such smart diagnostic tools benefits
manufacturers by reducing warranty claims and repair costs but also making the driving
experience better for customers. The use of Al-powered OBD systems will be key to making
EV technology long-term viable and effective as electric mobility gains more momentum.




AI RESEARCH CENTRE’S
SOLUTION

The technician should have expertise in detecting rotor and stator along with bearing
failures in electric two-wheeled and four-wheeled vehicles. A system which detects electrical
motor malfunctions in EVs allows both safe performance and reduced maintenance
expenses. Onboard diagnostics enhanced diagnostic accuracy which allowed maintenance
teams to deliver cost-effective precise solutions. The tool serves EV manufacturing along
with R&D and industrial applications thus providing valuable diagnostic capabilities for
various technological equipment.

The electric vehicle industry could reach longer lasting and reliable vehicles if it embraces
data-driven defect detection technologies as a substantial advancement. The advancement of
electrical mobility requires innovative diagnostic technology to build a safe and effective
system for EV users.

By identifying motor problems early and guaranteeing safe and economical maintenance,
data-driven OBD systems can improve EV reliability.

IMPLEMENTATION &
DEPLOYMENT

To improve the identification of motor-specific faults in electric vehicles (EVs), the existing
method of analysis integrates data analytics, machine learning (ML), and artificial
intelligence (AI). Traditional diagnosis methods often fail due to the complexity of electric
motor faults, particularly those of the rotor, stator, and bearing submodules. But incipient
fault detection and real-time monitoring are greatly improved by using data-driven onboard
diagnostic (OBD) systems. With real-time capture and processing of running data from
different sensors integrated into the motor and powertrain components, the sophisticated
systems allow accurate fault detection prior to minor faults turning into full-scale
breakdowns.




One of the greatest strengths of Al-powered OBD systems is that they learn and improve
over time. To provide support for a large range of motor configurations and solve the
problem of motor variability, diagnostic algorithms automatically adapt themselves from
experience gained over time. Dynamic learning of historical trends of motor performance
by Al-based models enhances the accuracy of fault diagnosis and decreases the rate of false
negatives, in comparison with traditional diagnosis based on prior-defined fault thresholds.
This ability to improve itself guarantees the diagnostic system will remain effective and
useful even with the addition of new motor designs and structures.

Furthermore, these systems can remove unjustified maintenance activities and false alarms
by employing Al and ML algorithms for differentiating normal fluctuations in motor
behavior from true fault states. Maintenance expenses are therefore lessened, and vehicle
downtime is minimized, which fosters operational efficiency and total EV reliability. One
major improvement in electric vehicle diagnostics is the incorporation of sophisticated
problem detection algorithms in OBD systems, which will eventually boost safety, facilitate
motor longevity, and increase manufacturer and user confidence in EV technology.
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CASE STUDIES

Electric vehicles (EVs) equipped with Al-enabled, machine learning-based onboard
diagnostics (OBD) offer transformative applications across various industries:

a)EV Production & Research & Development: OBD systems using Al can be employed by
manufacturers to identify potential electric motor defects in the design and test phases.

b)Logistics & Fleet Management: Al-enabled diagnostics enable fleet managers to avoid
downtime through pre-emptive motor breakdown prediction.

c)Intelligent Cities and Public Transport: Al-based predictive maintenance for electric buses
and other public transport systems can be utilized by governments and local authorities.

d)Industrial & Heavy-Duty EVs: Predictive maintenance is beneficial for industries utilizing
automated guided vehicles (AGVs), mining equipment, and electric forklifts.
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CHALLENGES & FUTURE
RESEARCH DIRECTION

Al-based OBD systems have some challenges despite their advantages:

a)Standardization Problems: Incompatibility problems stem from the lack of a shared
standard for Al-based diagnostics across EV makers.

b)Cybersecurity Threats: To protect against data leaks and system tampering, Al-based OBD
systems must have robust security protocols.

c)Cost of Deployment: Companies might need to invest a significant amount of money to
deploy Al-driven diagnostics on existing EV platforms.
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CONCLUSION

The maintenance and reliability of electric vehicles have undergone a revolutionary
transformation with the advent of Al-driven, data-based OBD systems. Traditional
diagnostic methods fail to detect motor-specific faults, leading to costly repairs and lost
productivity. EV manufacturers, fleet managers, and service providers can save costs,
enhance defect detection, and conduct predictive maintenance by leveraging machine
learning and artificial intelligence.

We're calling upon academics, businesspeople, and lawmakers to join us in revolutionizing
EV diagnostics. By employing Al-driven problem detection systems, we can enhance car
safety, optimize maintenance schedules, and help shape the future of electric mobility.

PAGE 11




REFERENCES

1.Mo, T, Li, Y, Lau, K, Poon, C., Wu, Y., & Luo, Y. (2022). Trends and Emerging
Technologies for the Development of Electric Vehicles. Energies.

2.Ravi, S., & Aziz, M. (2022). Utilization of Electric Vehicles for Vehicle-to-Grid Services:
Progress and Perspectives. Energies.

3.Husain, 1., Ozpineci, B., Islam, M., Gurpinar, E., Su, G., Yu, W., Chowdhury, S., Xue, L,
Rahman, D., & Sahu, R. (2021). Electric Drive Technology Trends, Challenges, and
Opportunities for Future Electric Vehicles. Proceedings of the IEEE, 109, 1039-1059.

4.Henderson, J. (2020). EVs Are Not the Answer: A Mobility Justice Critique of Electric
Vehicle Transitions. Annals of the American Association of Geographers, 110, 1993 - 2010.

5.De Rubens, G., Noel, L., Kester, J., & Sovacool, B. (2020). The market case for electric
mobility: Investigating electric vehicle business models for mass adoption. Energy.

PAGE 12




rlw W'

Al RESEARCH WOXSEN u
CENTRE UMIVERSITY



