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Abstract— The hybrid electric vehicle plays an important
role in the automobile industry. The development of hybrid
electric vehicles helps in the reduction of greenhouse gases and
need not to depend on fossil fuels. The hybrid electric vehicle
integrates with both the internal combustion engine and the
electric motor. This helps to improve the sustainability of the
system. This is enhanced through DC-DC converters. They help
to transfer seamless transfer of energy through various sources
and loads to the vehicle's electrical system. The overall
performance of the system is achieved through efficiently
converting and regulating the voltage levels. This also helps to
improve the energy utilization of the electric vehicles. The
smooth energy flow is achieved through the development of
various control strategies. The various challenges in the
functioning of hybrid electric vehicles are resolved through
adopting deep learning techniques. Deep learning is artificial
intelligence which functions based on the activities of human
intelligence. The energy management is obtained through
optimizing control parameters. The battery state of charge and
energy exhaustion are detected and monitored through
optimization techniques. The genetic algorithm is used for
optimization of power management to obtain a more reliable
and efficient system. This helps to provide automatic decision-
making on how to distribute power from the hybrid energy
sources. This is obtained as a sustainable transportation option
due to its improved efficiency with reduced emissions.

Keywords— Hybrid electric vehicle, Greenhouse gases, DC-
DC converters. Deep learning, Genetic algorithm, Sustainable
transportation option

I. INTRODUCTION

The hybrid electric vehicle is an innovative
development to enhance power consumption. Various
innovations were adopted early in the automobile industry to
produce sophistication with producing environmentally
friendly vehicles [1]. The important aspect of designing
electric vehicles is to obtain the convenience and capabilities
as similar to traditional vehicles. They are adopted with dual
source with battery stack [2]. The dual power set up helps in
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the optimization of energy from the available sources. This
helps in obtaining reliable and efficient functioning.

Various kinds of hybrid electric vehicles are
classified based on their performance and structure. The
internal combustion engine and the electric motor are
mechanically connected to the wheels in the parallel form of
hybrid electric vehicles [3]. The vehicle can have the
potential to operate on the engine and the electric motor
alternatively. Parallel hybrids are the familiar examples [4].

The internal combustion engine is used to generate
electricity to charge the vehicle's batteries in the series form
of hybrid electric vehicles. The electric motor is the only
source of propulsion for the wheels for movement. They can
run only on electricity for a limited distance before the engine
paves the way for recharging the batteries [5]. The plug-in
hybrids are much more relevant to the parallel hybrids. They
have larger battery packs that can be recharged by plugging
into an electrical source. The benefits of hybrid electric
vehicles include enhanced fuel efficiency with improved
system performance [6]. Artificial intelligence plays a
significant role in the field of automobiles. The various
innovations and automations are implemented through
artificial intelligence evolving machine learning and deep
learning techniques [7]. Deep learning can able to progress
progressive control algorithms that are used for the
optimization of the operation of the internal combustion
engine in hybrid electric vehicles. The optimization
algorithms help to achieve the most effective power
distribution based on driving conditions and performance
aspects [8]. Artificial intelligence can able to analyze data
from various sensors and sources.

The battery state of charge can be monitored and
analyzed properly through the aid of artificial intelligence
techniques. They help to adjust the power distribution for the
optimization of battery management. Another factor involves
regenerative braking which includes two parameters such as
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deacceleration and braking [9]. This helps in the
identification and providing the balance between
regenerative and friction braking. The vehicle's speed and
distance are controlled through the adaptive cruise control
parameters [10]-[14]. It helps in route planning to find the
best optimum routes. Artificial intelligence can monitor
vehicle performance and provide predictive maintenance
alerts with notifications.
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Fig 1: Hybrid electric vehicles
Figure 1 represents the hybrid electric vehicles. Thus deep

learning with an optimization algorithm can able to provide
higher efficiency for hybrid electric vehicles.

II. EXISTING SYSTEM

The existing system is implemented without the aid
of machine learning which results in various drawbacks as
shown in figure 2. The various drawbacks are listed below.
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Fig 2: Existing system

e  The machine learning algorithm required an amount
of data to to trained. Collecting and managing the
necessary data is a challenging task which needs
prior work [15]-[18].

e The performance and functioning of electric
vehicles are highly complex and require extensive

knowledge to understand and functioning of the
system [19].

e The machine learning model depends upon the
quality of the data. These complex structures are
highly difficult to analyse and interpret [20]-[22].

e The machine learning data can overfit the training
data. This leads to poor generalization. They may
lead to various vulnerable attacks and malicious
activities in the network [23].

e The machine learning models lead to a lack of
transparency in the system. This leads to higher
difficulty in explaining the decisions and various
behaviours in the system [24].

e  This leads to various ethical questions regarding the
rules and regulations as prescribed. Various issues
such as accountability and decision-making may
arise [25]-[29].

To overcome the various drawbacks of the existing system,
the proposed system is implemented using deep learning
techniques.

III. PROPOSED SYSTEM

The development of a hybrid electric vehicle (HEV)
with DC-DC converters using a hybrid energy source
involves combining two or more power sources to improve
vehicle efficiency and reduce emissions.

Hybrid energy source:

The hybrid energy source involves two or more forms of
energy sources. They are listed below.

Internal Combustion Engine (ICE): Fueled by gasoline or
diesel.

Electric Motor(s): Powered by batteries or various electrical
sources.

Battery Pack: Stores electrical energy for Future usage
Regenerative Braking: Captures kinetic energy during
braking and converts it into electrical energy.

Auxiliary Power Unit (APU): A small engine or generator
used to charge the battery

The DC-DC converters are an important part of the
hybrid electric vehicles. This is important for converting the
electrical power between the various sources and loads in the
system. They are used for converting the voltage levels
between the high-voltage battery pack and the lower-voltage
electrical system. When the internal combustion engine starts
to ignite, the automobile acts as a generator to produce output.
The electrical energy is converted into an appropriate voltage
level using DC-DC converters. The genetic algorithm is used
to optimize the power consumption in hybrid electric
vehicles.
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Fig 3: Stages in the proposed system

Figure 3 represents the various stages in the proposed system.

IV. IMPLEMENTATION OF THE PROPOSED SYSTEM

The proposed system is implemented through
various stages as listed below.

Stage 1: Research analysis

TABLE I: Trends and consumer preferences

Market Segment =~ Compact HEVs

Consumer Fuel efficiency

Preferences

Competitor Honda Insight

Analysis

Key Findings Strong demand for compact HEVs

Table I shows the trends and consumer preferences.
Stage 2: Conceptual design

TABLE II: High level design of HVEs

Powertrain Parallel Hybrid

Configuration

Energy Source Lithium-ion Battery + Regenerative
Braking
DC-DC Buck-Boost Converter

Converter

Table II demonstrates the High level design of HVEs
Stage 3: Detailed design

TABLE III: Component and subsystems

Electric Motor 50 kW Supplier A
Battery Pack 10 kWh Supplier B
DC-DC Buck-Boost Supplier A
Converter

Table III shows the components and subsystems
Stage 4: Prototype development

TABLE IV: Working prototype of EVs

Task Progress Issues

Fabrication 90% Material delay

Powertrain 80% Material delay

Integration

Fabrication 70% Issues in
software
integration

Table IV represents the working prototype of EVs
Stage 5: Testing and validation

TABLE V: Prototype testing

Fuel Efficiency 60 mpg >50 mpg
Emissions 30% 90 g/km
Power 80% High
consumption

Table V shows the Prototype testing.

Stage 6: Modelling and simulation



TABLE VI: Modeling

Task Description

Vehicle Mathematical model of the vehicle's
Modeling performance

Energy Source Energy source's output

Modeling

Converter DC-DC converter performance
Simulations

Table VI demonstrates the modeling of electric vehicles.
Stage 7: Integration and testing

TABLE VII: Testing process

Component A vehicle with the chosen
Integration components
System Testing Testing hybrid system's performance

and efficiency

Safety Safety standards.

Evaluation

Table VII represents the testing process.
Stage 8: Cost analysis

TABLE VIII: Pricing strategies

Components Rs 12000
Labor Rs 5000
Rand D Rs 2000
Total Cost Rs 19000

Table VIII shows the Pricing strategies.
Stage 9: Certification and compliance

TABLE IX: Regulations and standard

Regulatory Safety and emissions standards.

Compliance

Certification Regulatory approval
Tests
Documentation Documentation  for  compliance

purposes.

Table IX depicts the regulations and standards
Stage 10: Production and launch

TABLE 10: Final process in the execution of HEV

Production Setup =~ Production line for the hybrid vehicle.
Marketing and = Launch the hybrid electric vehicle
Sales

Post-Launch Provide customer support

Support

Table 10 demonstrates the final process in the execution of
HEV

V. SIMULATION RESULT

The performance analysis of the proposed system is
evaluated through running in Matlab Simulink as

demonstrated in Figure 4.
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Fig 4: Matlab implementation
Results:

Total energy consumed: 44.91 kWh
Fuel cell energy contribution: 6.64 kWh
Battery energy contribution: 38.27 kWh
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Fig 5: Performance metrics

Figure 5 demonstrates the performance metrics of using
hybrid optimization techniques.

VI. CONCLUSION

The development of hybrid electric vehicles provides
an important aspects in the field of the automobile industry
with improved automation. The advanced technology
integrates with the traditional internal combustion engines
(ICE) with electric power sources such as batteries and
regenerative braking systems. This helps in the reduction of
fuel consumption and fuel emissions. This helps in obtaining
a more sustainable and efficient mode of transportation. This
can be able to switch between the power sources through
optimizing improved performance and fuel efficiency. The
transfer of energy is done through the DC-DC converters.
This helps to monitor and analyze the vehicle operation at its
peak efficiency. This helps to reduce fuel consumption and
able to obtain reduced cost parameters. This helps to reduce
the overall environmental impact. The integration of hybrid
energy sources promotes the reduction in the emission of
greenhouse gases. Thus the developed system provides much
reliable and environmentally friendly system for
transportation system.

REFERENCES

[1] Mehdi, H. M., Azeem, M. K., & Ahmad, 1. (2023). Artificial
intelligence based nonlinear control of hybrid DC microgrid for
dynamic stability and bidirectional power flow. Journal of Energy
Storage, 58. https://doi.org/10.1016/j.est.2022.106333

[2] Jimenez, E. S., Hoang, T. T., Cuppen, A. N., Nair, N. K. C., & Ukil, A.
(2023). Topology comparative assessment for hybrid medium-voltage
AC/DC networks. Electric Power Systems Research, 222.
https://doi.org/10.1016/j.epsr.2023.109491

[3] Masood, U., Azeem, M. K., Ahmad, 1., & Jabbar, A. ul. (2023). Robust
adaptive nonlinear control of plugin hybrid electric vehicles for vehicle
to grid and grid to vehicle power flow with hybrid energy storage
system. 154 Transactions, 139.
https://doi.org/10.1016/j.isatra.2023.03.035

[4] Schaumburg, J., Kuprat, J., Langwasser, M., & Liserre, M. (2023).
Efficiency Optimization via Mission Profile-Based Power Routing by

[l

(6]

(7

[8]

91

[10]

[11]

[12]

[13]

[14

[l

[15]

[1e]

[17]

[18]

[19]

[20]

Design of Hybrid Grid Connecting Converter Architecture. /[EEE Open
Journal of Power Electronics, 4.
https://doi.org/10.1109/0OJPEL.2023.3241778

Balapanuru, O., Lokhande, M. M., Aware, M. v., & Gupta, S. (2023).
Unsymmetrical Dual-Input Isolated High Gain Bidirectional DC-DC
Converter with Inherent Current Sharing for Light EV Applications.
IEEE Transactions on Transportation Electrification.
https://doi.org/10.1109/TTE.2023.3273113

Mahdy, A., Hasanien, H. M., Turky, R. A., & Abdel Aleem, S. H. E.
(2023). Modeling and optimal operation of hybrid wave energy and PV
system feeding supercharging stations based on golden jackal optimal
control strategy. Energy, 263.
https://doi.org/10.1016/j.energy.2022.125932

Benhammou, A., Tedjini, H., Hartani, M. A., Ghoniem, R. M., &
Alahmer, A. (2023). Accurate and Efficient Energy Management
System of Fuel Cell/Battery/Supercapacitor/AC and DC Generators
Hybrid Electric Vehicles. Sustainability (Switzerland), 15(13).
https://doi.org/10.3390/su151310102

Motwani, J. K., Liu, J., Burgos, R., Zhou, Z., & Dong, D. (2023).
Hybrid Modular Multilevel Converters for High-AC/Low-DC
Medium-Voltage Applications. IEEE Open Journal of Power
Electronics, 4. https://doi.org/10.1109/0JPEL.2023.3259741

Raju, Mr. B., & Sivaganesan, Dr. S. (2023). Development of a
Bidirectional DC/DC Converter with Dual-Battery Energy Storage for
a Hybrid Electric Vehicle System. International Journal for Research
in Applied Science and Engineering Technology, 11(3).
https://doi.org/10.22214/ijraset.2023.49579

Pereira, T., Wei, Y., Pascal, Y., Mantooth, H. A., & Liserre, M. (2023).
Self-Tuning Multiport Resonant DC/DC Converter Based on Actively-
Controlled Inductors for Hybrid Storage System Integration. /EEE
Transactions on Power Electronics, 38(4).
https://doi.org/10.1109/TPEL.2022.3232188

Waghmare, T., & Chaturvedi, P. (2023). Sliding mode controller for
multiphase bidirectional flyback converter topology in hybrid electric
vehicle applications. Energy Reports, 9.
https://doi.org/10.1016/j.egyr.2023.05.051

Bhattacharyya, P., Ghorai, S., Sen, S., & Giri, S. K. (2023). A Flexible
Non-Isolated Multiport Converter to Integrate Battery and
Ultracapacitor for Electric Vehicle Applications. [EEE Transactions
on  Circuits and  Systems II:  Express Briefs, 70(3).
https://doi.org/10.1109/TCSI1.2022.3217844

Farivar, G. G., Manalastas, W., Tafti, H. D., Ceballos, S., Sanchez-
Ruiz, A., Lovell, E. C., Konstantinou, G., Townsend, C. D., Srinivasan,
M., & Pou, J. (2023). Grid-Connected Energy Storage Systems: State-
of-the-Art and Emerging Technologies. Proceedings of the IEEE,
111(4). https://doi.org/10.1109/JPROC.2022.3183289

Wangsupphaphol, A., Phichaisawat, S., Nik Idris, N. R., Jusoh, A.,
Muhamad, N. D., & Lengkayan, R. (2023). A Systematic Review of
Energy Management Systems for Battery/Supercapacitor Electric
Vehicle Applications. In Sustainability (Switzerland) (Vol. 15, Issue
14). https://doi.org/10.3390/sul51411200

Mohan, B., Ramesh, M. v., Kumar, P. M., & Vr, R. (2023).
CHARGING STATION FOR ELECTRIC VEHICLE USING
HYBRID SOURCES. Journal of Theoretical and Applied Information
Technology, 101(7).

Bendjedia, B., Rizoug, N., Boukhnifer, M., & Degaa, L. (2023). Energy
management strategies for a fuel-cell/battery hybrid power system.
Proceedings of the Institution of Mechanical Engineers. Part I: Journal
of Systems and Control Engineering, 237(4).
https://doi.org/10.1177/0959651820958515

Aravind, R., Chokkalingam, B., & Mihet-Popa, L. (2023). A
Transformerless Non-Isolated Multi-Port DC-DC Converter for
Hybrid Energy Applications. IEEE Access, 11.
https://doi.org/10.1109/ACCESS.2023.3280195

Gotz, J. D., Bigai, M. H., Harteman, G., Martins, M. S. R., Converti,
A., Siqueira, H. V., Borsato, M., & Corréa, F. C. (2023). Design of a
Takagi—Sugeno Fuzzy Exact Modeling of a Buck—Boost Converter.
Designs, 7(3). https://doi.org/10.3390/designs7030063

Eddine, G. H., Anwar, Z., & Ibrahim, D. (2023). A Super-twisting
SMC Design for Bidirectional DC-DC Converters in Electric Vehicle
Applications. All Sciences Abstracts, 1(2). https://doi.org/10.59287/as-
abstracts.1191

Hou, N., Zhang, Y., Li, Y., Ding, L., & Li, Y. (2023). Topologies and
Operations of Hybrid-Type DC-DC Converters Interfacing DC-
Current Bus and DC-Voltage Bus. IEEE Journal of Emerging and



[21

[22

[23

[24

[25

—

—

[t}

[}

=

Selected Topics in Power Electronics,
https://doi.org/10.1109/JESTPE.2022.3187074

Yesilyurt, H., Sahin, Y., & Ting, N. S. (2023). Fully soft-switched half-
bridge DC-DC converter for hybrid electric vehicle battery charge
applications. Electrical Engineering, 105(5).
https://doi.org/10.1007/s00202-023-01826-2

Pathak, P. K., Yadav, A. K., Kumar, S., Twala, B., & Kamwa, L. (2023).
Design of smart battery charging circuit via photovoltaic for hybrid
electric ~ vehicle.  [ET  Renewable  Power  Generation.
https://doi.org/10.1049/rpg2.12656

Touileb, R., & Abbou, A. (2023). Simulation and optimization of
hydrogen consumption in a fuel cell/battery hybrid vehicle.
International Journal of Power Electronics and Drive Systems, 14(2).
https://doi.org/10.11591/ijpeds.v14.i2.pp662-672

Kotb, R., Chakraborty, S., Tran, D. D., Abramushkina, E., el Baghdadi,
M., & Hegazy, O. (2023). Power Electronics Converters for Electric
Vehicle Auxiliaries: State of the Art and Future Trends. In Energies
(Vol. 16, Issue 4). https://doi.org/10.3390/en16041753

Jaga, O. P., Gupta, R., Jena, B., & GhatakChoudhuri, S. (2023). Bi-
directional DC/DC Converters Used in Interfacing ESSs for RESs and

11(4).

[26]

[27]

[28]

EVs: A Review. In IETE Technical Review (Institution of Electronics
and Telecommunication Engineers, India) (Vol. 40, Issue 3).
https://doi.org/10.1080/02564602.2022.2116362

Mani, V., Yarlagadda, S. R., Ravipati, S., & Swarnamma, S. C. (2023).
ANN Optimized Hybrid Energy Management Control System for
Electric Vehicles. Studies in Informatics and Control, 32(1).
https://doi.org/10.24846/V3211Y202310

Matukumalli, V., Naga Sasidhar Maddi, S., Krishna Angirekula K.,
Reddy Puhcherla V., Senthil kumar, A. M., Maridurai, T., ..
Kasinathan, D. (2021). Augment reality chatbot using cloud. Materlals
Today: Proceedings, 46, 4254-4257.
doi:10.1016/j.matpr.2021.03.058.

Enireddy, V., Finney Daniel shadrach, S., Shobha rani, P., Anitha, R.,
Vallinayagam, S., Maridurai, T., Balakrishnan, E. (2021).
Prediction of human diseases using optimized clustering techniques.
Materials Today: Proceedings, 46, 4258-4264.
doi:10.1016/j.matpr.2021.03.068



