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Learning outcomes

The course aims to teach students:

* the integration of Internet of Things (loT) principles into
electrical vehicles (EVs),

* practical skills in sensor and actuator implementation,
exploring connectivity protocols,

* data analytics and machine learning (ML) applications
tailored for EVs,

e security and privacy issues in loT-enabled EVs.



Subject content
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14.

15.

loT applications for energy management in EVs.

loT technologies utilization for improvement of the charging process and efficiency of EVs.

Introduction to Vehicle-to-Everything (V2X) communication and its relevance in loT-enabled EVs.
Designing V2X communication protocols. V2X applications for traffic management and safety.

Benefits and challenges of loT in EV industry.

Privacy and security issues in loT-enabled EVs.

Utilization of encryption and secure communication protocols to protect user privacy and data integrity in
connected EVs.

Investigation of emerging loT trends for EVs.



8. loT applications for energy
management in EVs

loT applications play an important role in managing energy usage in
EVs, increasing efficiency, extending battery life, and improving the
overall driving experience.

loT sensors monitor battery health, charge cycles, and temperature
in real time, enabling for more efficient charging and discharging
procedures that extend battery life and reliability.

IWE]' Load balancing and

Power Management

loT enables smart charging, which allows EVs to interact with the b
grid and charge during off-peak hours, lowering prices and reducing
strain on the power infrastructure.

& Data Analytics and
M <= Reporting

loT applications in EVs measure energy regeneration during braking
and monitor energy consumption trends, assisting drivers in
optimizing their driving for maximum efficiency.

Effective energy management via loT reduces the carbon footprint
of EVs, promotes sustainable energy practices, and makes EVs a
more realistic option for environmentally friendly transportation.



9. loT technologies utilization for
improvement of the charging process and
efficiency of EVs

loT technologies in EVs charging infrastructure:

* Enhance efficiency by enabling real-time monitoring and -
adaptive management of charging stations. - Roaming & g

» Charge point reservation
» Charging start/stop

 Facilitate smart charging solutions that adjust charging g
rates based on grid demand and energy prices.

Cloud-based charging
management platform

* Enable predictive maintenance and reliability, minimizing ' - Batiry harg capacty E | o e [ [E#E s
downtime and ensuring infrastructure reliability. A e i Craegng St
Electric Vehicle ~ system + Power conversion "‘:::’T f.f:f;'.'és
* Provide data-driven insights for infrastructure planning, O : ; Elery g = =
empowering stakeholders to make informed decisions on °°

charging station placement and operation.

Configuration management ® Dynamic load management

e Eﬂ?fg)f QOHSUWPNOH Authentication (AAA) e Firmware OTA e Cybersecurity
» Unltrpnc!ng ‘ Remote management ¢ APls & integrations
+ Bi-directional charging Reports & dashboards e Alerts & notifications

* Promote sustainable energy management by integrating

+ Peak load balance

Energy Supply

EVs into smart grids through Vehicle-to-Grid (V2G) [la Oy}
systems.



V2X communication in EVs:

communication and its relevance in

10. Vehicle-to-Everything (V2X)

loT-enabled EVs

Enhances connectivity: V2X communication creates a highly interconnected ecosystem for EVSs,
improving traffic safety and efficiency.

Improves traffic management: Real-time data exchange with traffic management systems
facilitates smoother traffic flow and reduces congestion.

Enables autonomous driving: V2X communication provides critical information about surroundings,
enhancing safety and operational efficiency.

Optimizes energy efficiency and smart charging: V2X communication optimizes energy
consumption and charging processes, aligning charging times with renewable energy availability.

Opens user-centric applications: V2X communication opens new avenues for real-time traffic
alerts, navigation assistance, and personalized mobility services.



11. Designing V2X communication
protocols. V2X applications for traffic
management and safety.

Enhanced traffic efficiency: V2X communication protocols allow for real-time data exchange
between vehicles and infrastructure, reducing congestion and optimizing traffic flow.

Improved road safety: V2X applications allow vehicles to communicate hazards, assisting drivers in
avoiding accidents and promoting proactive traffic management for increased safety.

Reduced environmental impact: By streamlining traffic and reducing idle time, V2X technology can
help to reduce emissions and promote sustainable urban development.

Technological integration for smart cities: V2X communication is critical for the development of
smart cities, as it integrates with loT and other systems to create responsive and adaptable urban
environments.

Protocol design challenges and solutions: To ensure reliable, fast, and secure communication for
future transport networks, V2X protocols must address issues such as latency, data security, and
standardization.



12. Benefits and challenges of IoT in

EV industry

Benefits of loT integration within EVs

o_—] loT enhances user experience with 0-.

i personalized settings and real-time ofub,

{ « . . \\//.
insights *e

55% of drivers in the U.S. claimed that data
access improved their driving experience

0_ Smart charging optimizes energy o
@

IE=}’\ consumption and extends battery life

Charging through |loT can reduce energy
waste by up to 30% and decrease
charging times by 20%

vehicle performance

e.‘ . Data-driven insights help improve
=

loT can reduce vehicle downtime by 25%
by predicting issues

Source: EVreporter, Forbes, Statista

Improved connectivity allows vehicles
to communicate seamlessly with
infrastructure

By 2025, 90% of new cars will be
connected via loT

loT enables better fleet management
through real-time data

Fleet operators using loT report a 25%
improvement in route optimization



Challenges of loT integration within EV:

12. Benefits and challenges of IoT in
EV industry

Integration with legacy systems: Older infrastructure and software may not be compatible with modern
loT platforms, creatln%a barrier to adoption. Solutions include implementing middleware solutions and
transitioning to cloud-based architectures.

Data security and privacy concerns: Ensuring data security and managing compliance with privacy laws
IS @ major concern. Solutions include end-to-end encryption, regular software updates, and conducting
security and technology audits.

High infrastructure costs: Leveraging cloud-based |oT platforms and utilizing a scalable infrastructure
can help manage these costs.

Connectivity and network reliability: Using hybrid connectivity solutions and edge computing measures
can ensure continuous connectivity and manage data overload.

Data overload and management: Utilizing cloud storage solutions with scalable capacity and data
compression techniqgues can manage bandwidth and storage requirements.



13. Privacy and security issues in
loT-enabled EVs

Data privacy risks: loT-enabled EVs collect large amounts of user data (e.g., location, driving habits,
personal identifiers), raising concerns about data misuse, unauthorized access, and user privacy
violations in the event of a security breach.

Vulnerability to cyberattacks: The interconnected nature of loT in EVs provides multiple entry points for
hackers, potentially leading to malicious control over vehicle functions, endangering passenger safety
and public security.

Weaknesses in data transmission: Communication protocols in loT-enabled EVs frequently lack end-to-
end encryption, leaving data vulnerable to interception, manipulation, and unauthorized access during
transmission between devices and cloud services.

Inadequate regulatory framework: As loT developments in EVs progress more quickly than regulations,
inconsistent standards for data protection, liability, and security measures are created, putting users
and manufacturers at risk.

Managing innovation and security: As loT technology advances in EVs, manufacturers must strike a
balance between improved connectivity and cutting-edge features and the strong security framework
needed to safeguard user information and vehicle systems.



14. Utilization of encryption and secure
communication protocols to protect user
privacy and data integrity in connected EV

Improved data privacy through encryption: By putting sophisticated encryption algorithms into place,
connected EVs can lower the risk of data breaches by ensuring that sensitive data (such as location and
personal information) is kept private and only accessible by authorized parties.

Protection against unauthorized access: The integrity of data transferred between EV systems and cloud
serdvers is protected by secure communication protocols, which guard against unauthorized interception
and tampering.

Mitigating cyber threats with secure protocols: By implementing secure protocols in connected EVs, user
safety is Improved by reducing susceptibilities to cyberattacks such as spoofing, data manipulation, and
man-in-the-middle attacks.

Maintaining data integrity for essential functions: Secure protocols and encryption safeguard the
precision and consistency of real-time data (such as navigation and telemetry) utilized for essential EV
functions, guaranteeing dependable operation and safe user experiences.

Role of strong encryption standards in regulatory compliance: By using robust encryption and secure
protocols, EV manufacturers can comply with privacy and security laws, which promotes user confidence
and compliance in international markets.



15. Investigation of emerging loT
trends for EVs

Smart charging and energy management: loT technologies enable real-time
monitoring and optimization of charging schedules, reducing costs and enhancing
energy efficiency.

¢ive new trends in Evg

V2X communication: loT-enabled V2X technology enhances safety, reduces traffic
congestion, and facilitates autonomous driving.

© Smart power
© Wireless charging distribution

© Autonomous driving a O V2H & V2G

Q‘

© Connected vehicles

Predictive maintenance and diagnostics: loT data collection aids in early detection
of potential issues, reducing downtime, and enhancing component lifespan.

Enhanced user personalization: loT allows tailored in-car experiences and real-
time recommendations.

Blockchain integration for security and transparency: Blockchain technology
enhances data transparency, privacy, and security in EV networks.



15. Investigation of emerging loT
trends for EVs

Future EVs are expected to use cleaner energy sources than lithium-ion batteries, potentially
shifting toward hydrogen fuel cells.

While lithium-ion batteries are currently the most efficient, there is ongoing research into solar
energy solutions, with some EVs already using solar panels for backup power.

loT is anticipated to play a critical role in EVs, helping to improve efficiency and support smart city
infrastructures, although adoption is challenged by costs, complexity, and privacy concerns.

Increased investment suggests loT-enabled EVs will become mainstream, supporting more
sustainable urban planning and traffic management.
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