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The novel hybrid power system integrating energy storage, electric vehicle
(EV) charging infrastructure and renewable energy sources improve
sustainability and resilience. This work proposes a power management
system controlled by artificial intelligence for EV charging infrastructure.
The battery’s state of charge (SoC) is continuously monitored by artificial
neural network (ANN) algorithm improves the health of the battery and
efficient operation of the system. The buck boost DC-DC converter performs
dynamic switching mechanism, which adjusts to changing solar conditions
and energy demands, guarantees a steady power supply. Depending on the
situation, the ANN algorithm used in the battery’s SoC control mechanism
decides whether to priorities the EV charging or the inverter to supply the
grid. The work is evaluated with the MATLAB simulation for different
conditions and results are compared with different controllers such as PlI,
PID, and ANN. The experiment performed uses internet of things (loT) for
transferring the data from the EV motor, acts as an input for the controller to
perform the novel hybrid power management operation with cloud
technology. The experimental prototype evaluates the results connected to
the photovoltaic (PV) system and battery management system (BMS) which
lowers reliance on non-renewable resources, increases overall energy
efficiency, and ensures a steady supply of power under a various condition.
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1. INTRODUCTION

An ecologically friendly and sustainable transportation system is one that is largely dependent on
electric vehicles (EV). Their significance goes beyond the automobile sector; they have a worldwide impact
on energy policy, urban development, and technological innovation [1]-[5]. EVs that have the capacity to
charge in both directions that can be used as portable energy storage devices. EV batteries have the capacity
to store extra energy from the source when connected to the renewable energy sources. The stored can be
utilized during times of low energy demand or when the production of renewable energy surpasses the usage.
When the EVs are connected to the grid system they can also the release stored energy back into the grid to
enhance the supply during periods of high demand or grid instability [6]-[8]. Vehicle to home (V2H) and
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vehicle to grid (V2G) have enormous potential to improve the electrical grid’s resilience, sustainability, and
flexibility [4]. However, V2G capabilities are anticipated to become more significant in the future energy
environment as the technology advances and EV penetration rises [9]-[12]. To optimise charging schedules
depending on variables including energy pricing, grid circumstances, and customer preferences, intelligent
charging infrastructure interfaces with EVs and the grid is needed [13]-[16]. By doing this, it is ensured that
EV charging is synchronised to minimise expenses, lessen grid load, and optimise the utilisation of
renewable energy sources [17]-[20].

Cutting-edge surveillance systems optimise charging and discharging schedules to extend battery
lifespan by continuously evaluating the efficacy and overall wellness of EV batteries [21]. The integration of
the ANFIS controller-based cascaded bidirectional DC-DC converter with the drive system allows for
efficient energy conversion and precise speed control in applications such as EVs, renewable energy
integration, or industrial automation. ANFIS controller calculates the appropriate control signals to adjust the
motor drive system, ensuring precise speed control and dynamic response [22]. The need of predictive
control, optimised resource allocation, fault detection, adaptive control, and integration with 10T and smart
grid technologies offered by the artificial neural networks (ANN), improve system intelligence, resilience
and efficiency. Real-time such as demand-side control devices, energy storage systems, renewable energy
generators and grid conditions can be analysed by ANN algorithms [23]-[26]. The ANN-based control
optimizes the charging and discharging of batteries based on, load requirements and grid conditions to
minimize costs and maximize self-consumption of solar energy [27]. This work also optimizes resource
utilization by implementing an intelligent algorithm to select the condition to operate the EV charging or to
supply the grid and dynamically manage power distribution, ensuring efficient energy utilization and
resilience with the bidirectional DC-DC converter. The literature survey from the previous work mentions
that, despite of advancements in EVs and their integration with renewable energy, still several research gaps
remain. The work investigates the hybrid power management system is capable of seamlessly transitioning
between renewable energy sources and mains power, guaranteeing a reliable energy supply under varying
conditions. The work is evaluated with the MATLAB simulation for different conditions and results are
compared with different controllers such as PI, PID, and ANN. The experiment performed uses loT for
transferring the data from the EV motor to an input for controller to perform the novel hybrid power
management operation with cloud technology. The proposed work is categorising; (i) introduction, (ii)
proposed system design, (iii) experimental analysis of the proposed system with PI, PID controller, (iv)
experimental analysis of the proposed system with ANN controller, (v) experimental analysis of the proposed
system with prototype, and (vi) conclusion.

2. RESEARCH METHOD

The significant progress in EV technology and their integration with renewable energy systems,
several critical research gaps persist. One key area that requires further investigation is the scalability of V2G
and V2H systems, particularly concerning their long-term effects on EV battery health. The frequent
bidirectional charging and discharging impact battery lifespan and performance is essential for the
widespread adoption of these technologies. Additionally, there is a need to optimize intelligent charging
infrastructure to adapt to real-time grid dynamics, ensuring that EVs can seamlessly interact with the grid and
renewable energy sources. Furthermore, the practical implementation of advanced control systems like
adaptive neuro-fuzzy inference system (ANFIS) and ANN in real-world scenarios is still underexplored.
Research is needed to refine these systems for effective fault detection, adaptive control, and seamless energy
management.

2.1. System design and setup

The Figure 1 shows the flow of the system and the initial phase encompasses the installation and
configuration of the photovoltaic (PV) source, establishing a robust framework for harnessing solar energy.
This involves selecting suitable PV panels, DC-DC converter circuit, inverters, and associated components to
maximize efficiency and output. The PV panels connected to charge the battery system. A maximum power
point tracking (MPPT) algorithm was incorporated into the system to maximize the energy harvested under
varying solar irradiance conditions to ensure the PV system operated at its peak efficiency. The DC-DC
converter used here is buck converter used to reduce the voltage at working conditions between battery
connected to the PV system and EV battery. A buck converter was implemented to regulate the voltage
between the PV panels and the battery system. The converter design includes a pulse width modulation
(PWM) controlled switching circuit, and feedback control to maintain stable voltage reduction across
different load and irradiance conditions. The selection of appropriate battery technologies, such as lithium-
ion or advanced lead-acid batteries, is crucial to ensuring efficient energy storage. This phase involves
detailed considerations of battery capacity, voltage, and charging characteristics, aligning with the system’s
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overall energy needs. Lithium-ion batteries were chosen due to their high energy density, efficiency, and long
cycle life. The battery bank was sized to match the system’s energy requirements, taking into account load
demands, solar generation capacity, and desired autonomy. The detailed considerations of battery charging
and discharging characteristics need to be analyzed, including incorporating a battery management system
(BMS) to monitor the state of charge (SoC) and ensure safe operation.

A bi-directional grid-tied inverter is used to convert stored DC energy from the batteries into AC for
household use or to feed back into the grid in case of VV2G and V2H. The inverter was selected based on its
compatibility with the PV system, battery storage, and grid connection. The inverter also supported seamless
switching between grid and off-grid modes to ensure uninterrupted power supply. The control circuit,
including microcontrollers and relays, was designed to manage power flow between different sources.
The relays were programmed to execute switching commands based on signals from the microcontroller,
which monitored real-time data such as solar output, battery SoC, and load demand.

PV DC - DC -
BATTERY CONVERTER

: .,/ cloup
: | DATA
PHOTOVOLTAIC i \ .
SYSTEM : | :
|
v : :
ML USING
NODEMCU [«
EV BATTERY L___.“" ANN
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Figure 1. Proposed block diagram

2.2. ANN algorithm, control implementation, and system integration

An ANN algorithm was developed and trained using historical data, including solar irradiance
patterns, load demands, and battery SoC levels. The ANN was designed to predict energy generation and
consumption patterns, allowing it to make real-time decisions on power distribution. The control logic was
implemented on a microcontroller, which interfaced with sensors and relays. The microcontroller used inputs
such as PV output, battery SoC, and grid status to execute the ANN’s decisions. It adjusted the power flow in
real time, ensuring a seamless transition between energy sources while minimizing losses. The relays used in
the system ensure smooth transitions and controls the prioritization of power outputs by effectively operating
with commands from controller circuit. Throughout the implementation, rigorous testing and validation
procedures are conducted to assess the system’s performance under different scenarios, including varying
solar conditions, fluctuating energy demands, and charging patterns for EVs. Continuous monitoring and
adjustments are made to refine the algorithm and optimize the overall system efficiency. This iterative
process allows for the identification and resolution of any technical challenges, ensuring the proposed hybrid
power system operates seamlessly and effectively in real-world conditions. The hardware setup includes
sensors for monitoring parameters like solar output, battery voltage, and current flows, all interfaced with the
microcontroller for real-time data acquisition. The ANN-based control algorithm was embedded into the
microcontroller, and a user interface was developed for system monitoring and manual control. This interface
provided live feedback on system performance and allowed for manual override in case of emergencies.

2.3. Analysis, testing, and validation

The testing isconducted using MATLAB/Simulink to simulate various operational scenarios.
The simulations tested the system’s response to varying solar conditions, load changes, and EV charging
patterns. Key performance indicators such as energy efficiency, SoC stability, and power quality were
evaluated to ensure the system met design specifications. After successful simulations, the system was
deployed in a controlled environment for real-world testing. The system’s performance is monitored under
different weather conditions, varying load demands, and fluctuating EV charging requirements. The data on
energy generation, storage efficiency, and the effectiveness of the ANN in managing power flow are
collected. The data is analyzed to assess the ANN’s performance in optimizing energy distribution and
maintaining system stability. Statistical analysis is conducted to evaluate the system’s reliability and identify
areas for further refinement.
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3. EXPERIMENTAL ANALYSIS

This study investigated the implementation of a hybrid power system integrating PV panels, battery
storage, and EV charging with an ANN-based energy management algorithm. While previous research has
explored hybrid power systems and their control strategies, there is a gap in understanding how intelligent
energy management can optimize power distribution between PV, batteries, and the grid in real-world
dynamic conditions. In this section, it is explained the results of research and at the same time is given
the comprehensive discussion. The dynamics of the system, including the behaviour of batteries, PV system
connected and their interaction is analysed.
- Proposed system with PI, PID controller, and ANN

This simulation shown in Figure 2, aimed to determine the optimal mode of operation of the system
with PI, PID algorithm, represents an intelligent approach to optimize energy utilization by dynamically
determining whether to operate from a battery or the main power supply. This system utilizes real-time data
and feedback mechanisms to make decisions that enhance efficiency and sustainability. This simulation of
proposed system shown in Figure 3, determines the optimal mode of operation between battery and main
power supply. This advanced system employs Al algorithms here used is ANN to continuously analyze
various factors, such as electricity demand, battery SoC. The ANN algorithms continuously learn and adapt
to changing usage and make the power management system more responsive and efficient over time.
The large dataset such as containing various battery parameters such as voltage, current, temperature,
SoC are analysed with the ANN. The effectiveness of the ANN algorithm for battery management depends
on factors such as the quality of the dataset, the design of the neural network architecture, and the suitability
of the chosen performance metrics.

WM,
]
E

Figure 2. PI, PID based simulation of the proposed Figure 3. ANN based simulation of the proposed
system system

J

The output voltage from the main supply range fluctuates between 230 V to -230 V which indicates
that the electrical supply is derived from the open loop connection. EV battery is in the process of charging
and the Figure 4 indicates that the EV battery is less than 50%, it suggests that the SoC of the battery is
below half of its full capacity. From the Figure 5 it is noted that output voltage range fluctuating between
20 V to -20 V indicates that the electrical supply is derived from the battery connection using Pl and PID
controller. EV battery is in the process of discharging and the Figure 6 indicates that the EV battery is greater
than 50%, it suggests that the SoC of the battery is above half of its full capacity using Pl and PID controller.

ANN has been employed to determine the mode of operation, and it outputs a voltage range
fluctuating between 20V to -20V, it suggests that the electrical supply is originating from the battery
connection and the Figure 7, indicates that the EV battery is less than 50%. From the Figure 7, observed that
the ANN controller response of proposed controller is settled at 0.01 sec without any overshoot.
The ANN response is made up with a fine response and without any oscillations compared with the PI PID
controller responses. The Table 1 illustrates the performance evaluation of DC-DC converter using
MATLAB with the PI, PID, and ANN. The result shows that ANN operated with the short duration
to perform the task.
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Table 1. Performance evaluation of DC-DC converter using MATLAB with different controller

Controller . Voltage L . Time L
Maximum Minimum Maximum Minimum
Pl 9V -19V 0.09 Sec 0.08 Sec
PID 18V -17V 0.06 Sec 0.05 Sec
ANN 20V -20V 1.001 Sec 0.9 Sec

4. RESULTS AND DISCUSSION

The system is the resembles V2H system that allows the use of electricity already stored in the EV
to power the household, while the V2G system supports selling the electricity already stored in the EVs to the
grid. The manner of operation is determined by ANN. The PV battery will investigate if the battery SoC is
50% or above then it investigates EV battery. If less than 50% is present in EV battery, PV battery
exclusively feeds EV battery; otherwise, EV battery will deliver energy to the grid. The primary source
charges the EV battery and provides electricity to the consumer if the PV battery SoC is less than 50%.

The Figure 8, below illustrates that the BMS hybrid mode control with ANN. The work shown has
major benefits in terms of improving overall performance and optimizing energy economy. The hybrid
strategy efficiently balances energy consumption, increases battery life, and boosts the dependability of
energy storage systems by smoothly merging machine learning algorithms with conventional BMS.
The proposed hardware system shown in Figure 9, connected to the solar system and the entire system is
trained with the ANN by the different data set values. The ANN collects data from the battery and process
the values collected and train them accordingly to perform the conditions.

\\\\\\\\\\\\\

Figure 8. Hardware diagram Figure 9. Proposed system ANN data training
connected with PV system
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- Condition 1 and 2

The SoC of the lead acid battery which is charged by solar energy and the lithium-ion battery in the
electrical vehicle is 50% above is shown in Figure 10. The energy from the both battery delivers the DC
current to the inverter. The DC current is converted into AC supply and it is given to the grid to supply the
home. The SoC of the lead acid battery if it is 50% below, so the ANN shifts to main supply and if the SoC
of the EV battery is 50% shown in Figure 11, below then the EV battery gets charged at the same time from
the main supply. If it exceeds then the energy from the EV battery is given to the inverter and supplied to the
mains.

‘A TRRRRARANNNRL
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Figure 10. Experimental results of condition 1 in  Figure 11. Experimental results of condition 2 in
prototype prototype

This work investigated the implementation of a hybrid power system integrating PV, battery storage,
and EV charging with an ANN-based energy management algorithm. While previous research has explored
hybrid power systems and their control strategies, there is a gap in understanding how intelligent energy
management can optimize power distribution between PV, batteries, and the grid in real-world dynamic
conditions. The experimental results showed that the ANN-based control algorithm effectively optimized
energy distribution within the hybrid system. During periods of high solar irradiance, the system stored
excess energy in the batteries, allowing for efficient energy usage during low irradiance periods. The ANN
successfully managed power flow by prioritizing renewable energy sources, reducing reliance on grid power
by approximately 30% compared to traditional control methods. The system maintained a stable SoC for the
batteries, ensuring a consistent supply for EV charging and household demands. The work indicates that the
integration of an ANN-based energy management system can significantly improve the efficiency and
reliability of hybrid power systems. Compared to conventional control methods, the ANN demonstrated
superior adaptability to fluctuating solar conditions and load demands, reducing energy losses and optimizing
battery usage. This aligns with findings from other studies that highlight the potential of intelligent control in
renewable energy integration, particularly in enhancing the sustainability of energy systems.

5. CONCLUSION

The work proposes a power management system that monitors the SoC is continuously by ANN
algorithm. The DC-DC converter circuit’s dynamic switched depending on the two conditions of the two
batteries connected to the PV and EV. The ANN algorithm used in the battery’s SoC control mechanism
priorities the EV charging circuit or the inverter circuit to supply the grid. These conditions used in the
proposed work not only encourages the use of renewable energy sources efficiently but also takes care of the
battery health. The work is evaluated with the MATLAB simulation for different conditions and results are
compared with different controllers such as PI, PID, and ANN. The prototype operates in the two conditions
and the ANN shifts the conditions and effectively utilize the battery and the excess energy is delivered to the
grid through the inverter. The findings provide strong evidence that intelligent energy management can
significantly enhance renewable energy utilization, maintain battery health, and reduce grid dependence.
This research contributes to the development of more sustainable and resilient energy infrastructures,
promoting a cleaner and more efficient energy future. In the future the research has possibility to explore the
incorporation of additional renewable sources, such as wind energy, to create a more resilient and flexible
hybrid system. Additionally, advanced control algorithms like reinforcement learning could be investigated
to further optimize energy management. Exploring scalable solutions for microgrids or community-based
energy systems could also broaden the impact of this research.

Smart hybrid power management system in electric vehicle for efficient ... (Vinoth Kumar Ponnusamy)



494

m} ISSN:2252-8776

FUNDING INFORMATION

Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT

Name of Author C M So Va Fo |1 R D O E Vi Su P Fu
Vinoth Kumar v v v v v v v v
Ponnusamy
Gunapriya Devarajan v v v v v v
Gomathi Easwaram v v v v v v v
Geetha Murugesan v v v v
Rathinam Marimuthu v 4 v v v
Sekar
R. Delshi Howsalya 4 v v v
Devi
C : Conceptualization I . Investigation Vi : Visualization
M : Methodology R : Resources Su : Supervision
S0 : Software D : Data Curation P : Project administration
Va : Validation O : Writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT

Authors state no conflict of interest.

DATA AVAILABILITY

Derived data supporting the findings of this study are available from the corresponding author

Vinoth Kumar Ponnusamy on request.

REFERENCES

(1]
[2

3]

[4]

[5]
[6]
[71

(8]

[°]
[10]

[11]

J. Cao, X. Chen, R. Qiu, and S. Hou, “Electric vehicle industry sustainable development with a stakeholder engagement system,”
Technology in Society, vol. 67, p. 101771, Nov. 2021, doi: 10.1016/j.techsoc.2021.101771.

K. H. Wang, M. Umar, R. Akram, and E. Caglar, “Is technological innovation making world ‘Greener’? An evidence from
changing growth story of China,” Technological Forecasting and Social Change, vol. 165, p. 120516, Apr. 2021,
doi: 10.1016/j.techfore.2020.120516.

S. Escolar, F. J. Villanueva, M. J. Santofimia, D. Villa, X. del Toro, and J. C. Lopez, “A multiple-attribute decision making-based
approach for smart city rankings design,” Technological Forecasting and Social Change, vol. 142, pp. 42-55, May 2019,
doi: 10.1016/j.techfore.2018.07.024.

A. Alsharif, C. W. Tan, R. Ayop, A. Dobi, and K. Y. Lau, “A comprehensive review of energy management strategy in vehicle-
to-grid technology integrated with renewable energy sources,” Sustainable Energy Technologies and Assessments, vol. 47,
p. 101439, Oct. 2021, doi: 10.1016/j.seta.2021.101439.

A. Dik, S. Omer, and R. Boukhanouf, “Electric vehicles: V2G for rapid, safe, and green EV penetration,” Energies, vol. 15, no. 3,
p. 803, Jan. 2022, doi: 10.3390/en15030803.

S. S. Ravi and M. Aziz, “Utilization of electric vehicles for vehicle-to-grid services: progress and perspectives,” Energies, vol. 15,
no. 2, p. 589, Jan. 2022, doi: 10.3390/en15020589.

H. S. Das, M. M. Rahman, S. Li, and C. W. Tan, “Electric vehicles standards, charging infrastructure, and impact on grid
integration: A technological review,” Renewable and Sustainable Energy Reviews, vol. 120, p. 109618, Mar. 2020,
doi: 10.1016/j.rser.2019.109618.

M. T. Hussain, D. N. Bin Sulaiman, M. S. Hussain, and M. Jabir, “Optimal management strategies to solve issues of
grid having electric vehicles (EV): a review,” Journal of Energy Storage, vol. 33, p. 102114, Jan. 2021,
doi: 10.1016/j.est.2020.102114.

J. Yang, G. Xiong, and D. Shi, “Innovation and sustainable: can innovative city improve energy efficiency?,” Sustainable Cities
and Society, vol. 80, p. 103761, May 2022, doi: 10.1016/j.5¢s.2022.103761.

M. A. H. Rafi and J. Bauman, “A comprehensive review of DC fast-charging stations with energy storage: architectures, power
converters, and analysis,” |IEEE Transactions on Transportation Electrification, vol. 7, no. 2, pp. 345-368, Jun. 2021,
doi: 10.1109/TTE.2020.3015743.

S. Chakraborty, H. N. Vu, M. M. Hasan, D. D. Tran, M. El Baghdadi, and O. Hegazy, “DC-DC converter topologies for electric
vehicles, plug-in hybrid electric vehicles and fast charging stations: State of the art and future trends,” Energies, vol. 12, no. 8,
p. 1569, Apr. 2019, doi: 10.3390/en12081569.

IntJ

Inf & Commun Technol, Vol. 14, No. 2, August 2025: 488-496



Int J Inf & Commun Technol ISSN:2252-8776 O 495

[12] P. V. Kumar, R. S. Athithya, R. I. Valli, S. Abinaya, and B. Hema, “Battery management for electric vehicle using low voltage
DC-DC converter,” in ICSPC 2023 - 4th International Conference on Signal Processing and Communication, Mar. 2023,
pp. 6267, doi: 10.1109/ICSPC57692.2023.10125922.

[13] P.V.Kumar, A. R. Kumar, and R. Tiwari, “Performance analysis of solar connected fly-back boost c-onverter for electric vehicle
applications,” in 2021 7th International Conference on Advanced Computing and Communication Systems, ICACCS 2021, Mar.
2021, pp. 1638-1643, doi: 10.1109/ICACCS51430.2021.9441688.

[14] P. V. Kumar, A. Suresh, and M. R. Rashmi, “Optimal design of fused chopper based standalone hybrid wind solar system,”
Indian Journal of Science and Technology, vol. 9, no. 21, Jun. 2016, doi: 10.17485/ijst/2016/v9i21/95154.

[15] Z. Junwei, Z. Xutao, and T. Yang, “Analytical solution for deep pressure tunnels using composite stratum under a groundwater
table,” Ain Shams Engineering Journal, vol. 12, no. 2, pp. 1419-1434, Jun. 2021, doi: 10.1016/j.asej.2020.10.007.

[16] K. A. M. Junaid et al., “PV-based DC-DC buck-boost converter for LED driver,” e-Prime - Advances in Electrical Engineering,
Electronics and Energy, vol. 5, p. 100271, Sep. 2023, doi: 10.1016/j.prime.2023.100271.

[17] H. Yu, S. Niu, Y. Shang, Z. Shao, Y. Jia, and L. Jian, “Electric vehicles integration and vehicle-to-grid operation in active
distribution grids: A comprehensive review on power architectures, grid connection standards and typical applications,”
Renewable and Sustainable Energy Reviews, vol. 168, p. 112812, Oct. 2022, doi: 10.1016/j.rser.2022.112812.

[18] B. Aljafari, G. Devarajan, S. Arumugam, and I. Vairavasundaram, “Design and implementation of hybrid PV/Battery-based
improved single-ended primary-inductor converter-fed hybrid electric vehicle,” International Transactions on Electrical Energy
Systems, vol. 2022, pp. 1-11, Aug. 2022, doi: 10.1155/2022/2934167.

[19] A. Elezab, O. Zayed, A. Abuelnaga, and M. Narimani, “High efficiency LLC resonant converter with wide output range of
200-1000 V for DC-connected EVs ultra-fast charging stations,” IEEE Access, vol. 11, pp. 33037-33048, 2023,
doi: 10.1109/ACCESS.2023.3263486.

[20] R.Pilla, T. S. Gorripotu, and A. T. Azar, “Design and analysis of search group algorithmbased PD-PID controller plus redox flow
battery for automatic generation control problem,” International Journal of Computer Applications in Technology, vol. 66, no. 1,
pp. 19-35, 2021, doi: 10.1504/1JCAT.2021.119605.

[21] S. Sethuraman and G. Karuppasamy, “Hetero intimate interface CN/Fe—SnO2 micro flowers towards superior photocatalytic
applications,” International Journal of Hydrogen Energy, vol. 47, no. 59, pp. 24691-24707, Jul. 2022,
doi: 10.1016/j.ijhydene.2022.05.232.

[22] A. Alzahrani, G. Devarajan, S. Subramani, I. Vairavasundaram, and C. U. Ogbuka, “Analysis and validation of multi-device
interleaved DC-DC boost converter for electric vehicle applications,” IET Power Electronics, vol. 16, no. 9, pp. 1548-1557,
Jul. 2023, doi: 10.1049/pel2.12494.

[23] V. Franki, D. Majnari¢, and A. Viskovi¢, “A comprehensive review of artificial intelligence (Al) companies in the power sector,”
Energies, vol. 16, no. 3, p. 1077, Jan. 2023, doi: 10.3390/en16031077.

[24] A. B. Kanase-Patil, A. P. Kaldate, S. D. Lokhande, H. Panchal, M. Suresh, and V. Priya, “A review of artificial intelligence-based
optimization techniques for the sizing of integrated renewable energy systems in smart cities,” Environmental Technology
Reviews, vol. 9, no. 1, pp. 111-136, Jan. 2020, doi: 10.1080/21622515.2020.1836035.

[25] J. Faria, J. Pombo, M. do Rosario Calado, and S. Mariano, “Power management control strategy based on artificial neural
networks for standalone PV applications with a hybrid energy storage system,” Energies, vol. 12, no. 5, p. 902, Mar. 2019,
doi: 10.3390/en12050902.

[26] K. El Mezdi et al., “Nonlinear control design and stability analysis of hybrid grid-connected photovoltaic-battery
energy storage system with ANN-MPPT method,” Journal of Energy Storage, vol. 72, p. 108747, Nov. 2023,
doi: 10.1016/j.est.2023.108747.

[27] S. F. Razmi, M. H. Moghadam, and M. Behname, “Time-varying effects of monetary policy on Iranian renewable energy
generation,” Renewable Energy, vol. 177, pp. 1161-1169, Nov. 2021, doi: 10.1016/j.renene.2021.06.020.

BIOGRAPHIES OF AUTHORS

Vinoth Kumar Ponnusamy By 2 received his graduate in Electrical and Electronics
Engineering, Post Graduate in Power Electronics and Drives and Ph.D. in Power Electronics. He is
having 12 years of teaching experience. He is currently working as associate professor in the
Department of Electrical and Electronics Engineering, Sri Krishna College of Engineering and
Technology, Coimbatore. He has published more than 20 papers in journals, conference, published
6 patents and 6 books. He received grants from DST and seed money for projects. Also received best
faculty awards, special contributor in consultancy projects. He can be contacted at email:
vinothkumarp@skcet.ac.in.

Dr. Gunapriya Devarajan B4 2 received the Master of Engineering and Ph.D. degree from
Anna University, India. She has almost 17 years of teaching experience. She is currently working as
an associate professor with the Department of Electrical and Electronics Engineering, Sri Eshwar
College of Engineering, Coimbatore, Tamil Nadu. She has published 27 technical articles, six patents
and three book chapters. Her research interests include power electronics and drives, electric
vehicles and intelligent control. She can be contacted at email: gunapriya.d@sece.ac.in.

Smart hybrid power management system in electric vehicle for efficient ... (Vinoth Kumar Ponnusamy)


https://orcid.org/0000-0001-7206-7202
https://scholar.google.com/citations?user=T6fGVx4AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57222360626
https://www.webofscience.com/wos/author/record/ABB-8049-2021
https://orcid.org/0000-0002-8558-2147
https://scholar.google.com/citations?hl=en&user=09-xzPEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57215683224
https://www.webofscience.com/wos/author/record/32215397

ISSN:2252-8776

Dr. Gomathi Easwaram Bl €2 received her B.E. degree in Electronics and Communication
Engineering from ManonmaniamSundaranar University in 1996. She received her Master’s degree in
Control and Instrumentation from Anna University, Chennai in 2005. She has20 years of experience
in teaching in the Department of Electronics and Communication Engineering. Presently she is
working as a professor and head in the Department of Artificial Intelligence and Data Science at
Coimbatore Institute of Engineering and Technology, Coimbatore. She can be contacted at email:
egomathimanian@gmail.com.

Geetha Murugesan B4 Ed © received her B.Tech. degree in Information Technology from Anna
University and her M.E. degree in Computer science from Anna University. She is currently working
as assistant professor at M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India. She is a
life member in various professional bodies. Her area of specialization in computer applications. She
can be contacted at email: geetham@gmail.com.

Rathinam Marimuthu Sekar Bl 12 received his B.E. degree in Electrical and Electronics
Engineering from Bharathiyar University and his M.E. degree in Power Electronics and Drives from
Vellore Institute of Technology. He is currently working as Professor and Head at SSM Institute of
Engineering and Technology, Dindigul, Tamil Nadu, India. He is a life member in various
professional bodies. His area of specialization in power electronics for renewable energy systems,
power quality, electrical machines. He can be contacted at email: ssvedha08@gmail.com.

R. Delshi Howsalya Devi @ Ed Ed € received her B.E. degree in Computer Science from Syed
Ammal Engineering College and her M.E. degree in Computer Science from J.J College
of Engineering. She is currently working as Professor and Head at Karpaga Vinayaga
College of Engineering and Technology, Tamil Nadu, India. Her area of specialization is data
mining, data science, artificial intelligence, and data structures. She can be contacted at email:
delshi@rocketmail.com.

Int J Inf & Commun Technol, Vol. 14, No. 2, August 2025: 488-496


https://orcid.org/0000-0001-8500-6660
https://scholar.google.com/citations?pli=1&authuser=1&user=aylYuSAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57201463948
https://www.scopus.com/authid/detail.uri?authorId=58094914300
https://orcid.org/0000-0003-3234-8434
https://scholar.google.com/citations?user=j8YsXkYAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57218613414
https://www.webofscience.com/wos/author/rid/AAR-8615-2020
https://orcid.org/0000-0001-7820-399X
https://scholar.google.co.in/citations?user=LlpqadkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=56274611200
https://www.webofscience.com/wos/author/record/ABF-3116-2021

