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ABSTRACT: This paper deals with the design and simulation of a simple but efficient photovoltaic System with an
improved maximum power point tracking (MPPT) method using a modified particle swarm optimization (PSO)
algorithm and Induction motor is used as a load . The speed of Induction motor is control using a Field oriented control
in addition to PSO based PV system. The main advantage of the method is the reduction of the steady state oscillation
once the maximum power point (MPP) is located. .The PV array is modelled and its voltage-current characteristics and
power-voltage characteristics are simulated and optimized. Furthermore, this method has the ability to track the MPP
for the extreme environmental condition like large fluctuations of insolation and partial shading condition.

KEYWORDS: Buck—boost converter, DC-AC converter , max-imum power point tracking (MPPT), partial shading,
particle swarm optimization (PSO), photovoltaic (PV) system. Field Oriented Control.

I. INTRODUCTION

The Conventional sources of energy are rapidly depleting. Moreover the cost of energy is rising and therefore
photovoltaic system is a promising alternative. They are abundant, pollution free, distributed throughout the earth and
recyclable. The hindrance factor is it’s high installation cost and low conversion efficiency. Therefore our aim is to
increase the efficiency and power output of the system. It is also required that constant voltage be supplied to the load
irrespective of the variation in solar irradiance and temperature. To optimize the utilization of large arrays of PV
modules, maximum power point tracker (MPPT) is normally employed in conjunction with the power converter. Most
common MPPT techniques are Incremental conductance, Perturbation and Observation method (P&O), Hill Climbing
method (HC).These technique produce oscillation during maximum power point tracking. In an effort to overcome
aforementioned disadvantages, artificial intelligence approach such as fuzzy logic controller (FLC) and neural network
(NN), evolutionary algorithm (EA) techniques, are used. Among the EA techniques, particle swarm optimization (PSO)
is highly potential due to its simple structure, easy implementation, and fast computation capability , and to be very
effective to deal with the MPPT problem. Induction motors are relatively rugged and inexpensive machines.
Therefore much attention is given to their control for various applications with different control requirements.
The most popular induction motor drive control method has been the field oriented control (FOC) Field oriented
control is a vector control. The concept of field orientation control is used to accomplish a decoupled control of
flux and torque.

II. MODELLING OF PV MODULE

Due to the low voltage generated in a PV cell (around 0.5V), several PV cells are connected in series (for high voltage)
and in parallel (for high current) to form a PV module for desired output. Separate diodes may be needed to avoid
reverse currents, in case of partial or total shading, and at night. The p-n junctions of mono-crystalline silicon cells may
have adequate reverse current characteristics and these are not necessary. Reverse currents waste power and can also
lead to overheating of shaded cells. Solar cells become less efficient at higher temperatures and installers try to provide
good ventilation behind solar panels .The building block of PV arrays is the solar cell, which is basically a p-n junction
that directly converts light energy into electricity: it has a equivalent circuit as shown below in Figure.2.
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Fig .1. Equivalent circuit of PV cell

The current source Iph represents the cell photo current; Rj is used to represent the non-linear impedance of the p-n
junction; Rsh and Rs are used to represent the intrinsic series and shunt resistance of the cell respectively. Usually the
value of Rsh is very large and that of Rs is very small, hence they may be neglected to simplify the analysis. PV cells
are grouped in larger units called PV modules which are further interconnected in series-parallel configuration to form
PV arrays or PV generators. The PV mathematical model used to simplify our PV array is represented by the equation

I=np, Iph-nplis [exp(q/KTA * V/ng)-1] (1)

where I is the PV array output current; V is the PV array output voltage; ns is the number of cells in series and np is the
number of cells in parallel; q is the charge of an electron; k is the Boltzmann’s constant; A is the p-n junction idealist
factor; T is the cell temperature (K); Irs is the cell reverse saturation current.

The cell reverse saturation current Irs varies with temperature according to the following equation:

Irs=Irr[T/T: P exp ( q Ec/KA) [ 1/ T, 1/ T] ()

Where Tr is the cell reference temperature, Irr is the cell reverse saturation temperature at Tr and EG is the band gap of
the semiconductor used in the cell.

The photo current Iph depends on the solar radiation and cell temperature as follows
Iph =[ L+ Ki ( T-Tr)] S/100 3)

where Iscr is the cell short-circuit current at reference temperature and radiation, Ki is the short circuit current
temperature coefficient, and S is the solar radiation in mW/cm2.

PV ARRAY CHARACTERISTICS
The current to voltage characteristic of a solar array is non-linear, which makes it difficult to determine the MPP. The
Figure below gives the characteristic -V and P-V curve for fixed level of solar irradiation and temperature.
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Fig .2. P-V, I-V curve of a solar cell at given temperature and solar irradiation

The characteristic I-V curve tells that there are two regions in the curve: one is the current source region and another is
the voltage source region. In the voltage source region (in the right side of the curve), the internal impedance is low and
in the current source region (in the left side of the curve),the impedance is high. Irradiance temperature plays an
important role in predicting the I-V characteristic, and effects of both factors have to be considered while designing the
PV system. Whereas the irradiance affects the output, temperature mainly affects the terminal voltage
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III. MAXIMUM POWER POINT TRACKING CONTROLLER

The efficiency of a solar cell is very low. In order to increase the efficiency, methods are to be undertaken to match the
source and load properly. One such method is the Maximum Power Point Tracking (MPPT). This is a technique used to
obtain the maximum possible power from a varying source. In photovoltaic systems the -V curve is non-linear, thereby
making it difficult to be used to power a certain load. This is done by utilizing a boost converter whose duty cycle is
varied by using a MPPT algorithm.

A. General Overview of PSO

PSO is a stochastic, population-based EA search method, modeled after the behavior of bird flocks. The PSO algorithm
maintains a swarm of individuals (called particles), where each particle represents a candidate solution. Particles follow
a simple behavior: emulate the success of neighboring particles and its own achieved successes. The position of a
particle is, therefore, influenced by the best particle in a neighborhood Pbest as well as the best solution found by all the
particles in the entire population Gbest . The particle position xi is adjusted using neighborhood Pbest as well as the
best solution found by all the particles in the entire population Gbest . The particle position xi is adjusted using the
following equation.

Xik+1 — Xik + ¢ik+1 (4)

It follows a simple behavior: emulate the success of neighboring particles and its own achieved successes. The position
of a particle is, therefore, influenced by the best particle.

Fig.3. Movement of particles in the optimization process
where the velocity component @i represents the step size. The velocity is calculated by
i =W K+ 111 { Presii - XiK} +¢212 {Goest - Xi¥} &)

where w is the inertia weight, c1 and c2 are the acceleration coefficients, rl1 , r2 € U(0, 1), Pbesti is the personal best
position of particle i, and Gbest is the best position of the particles in the entire population .It shows the typical
movement of particles in the optimization process. If position is defined as the actual duty cycle while velocity shows
the perturbation in the present duty cycle, can be rewritten as

dik+l — dik + ¢ik+l (6)

PSO, resulting perturbation in the present duty cycle depends on Pbesti and Gbest . If the present duty cycle is far
from these two duty cycles, the resulting change in the duty cycle will also be large, and vice versa. Therefore, PSO can
be thought of as an adaptive form of HC. In the latter, the perturbation in the duty cycle is always fixed but in PSO it
varies according to the position of the particles. With proper choice of control parameters, a suitable MPPT controller
using PSO can be easily designed.

B. Application of PSO for MPPT

To illustrate the application of the PSO algorithm in tracking the MPP using the direct control technique, first a solution
vector of duty cycles with Np particles is determined,

The objective function is defined as

P(d¥) > P (di*") N
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To start the optimization process, the algorithm transmits three duty cycles di (i = 1, 2, 3) to the power converter.

These duty cycles served as the Pbesti in the first iteration.

In the second iteration, the resulting velocity is only due to the Gbest term. This results in a zero velocity and
accordingly the duty cycle is unchanged. . In the subsequent iteration, due to very low velocity, the value of the duty
cycle is approaching a constant. Therefore, the operating point will be maintained and the oscillation around the MPP
diminishes.

Change in duty cycle is calculated by following equation

dnew = dota — 1/K1(Potg,mpp —Pwmpp) ®)
where dold is the previous Gbest duty cycle and K1 = APMPP/Ad is the slope of the linear segment
The value ofK1 is selected accordingly using the following relationship

Ki= Ky if AP>0
Ki/2 if AP >0

Where AP =(P -Poi4) )

Note that AP > 0 and AP <0 indicate decreasing and increasing insolation, respectively. To perturb the new duty cycle
is given below

d¥new = [di — K2,d2’d3 + k] for ko > 0.05. (10)

C. Control strategy of MPPT controller
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Fig .4. Flowchart of PSO based MPPT controller
IV. FIELD ORIENTED CONTROL FOR INDUCTION MOTOR

The most popular induction motor drive control method has been the field oriented control (FOC)

The recent trend in FOC is towards the use of sensor less techniques that avoid the use of speed sensor and
flux sensor. The Field Orientated Control (FOC) consists of controlling the stator currents represented by a vector. This
control is based on projections which transform a three-phase time and speed dependent system into a two co-ordinate
(dand qco-ordinates) time invariant system. These projections lead to a structure similar to that of a DC machine
control. Field orientated controlled machines need two constants as input references: the torque component (aligned
with the qco-ordinate) and the flux component (aligned with d co-ordinate). As Field Orientated Control is simply
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based on projections the control structure handles instantaneous electrical quantities. This makes the control accurate in
every working operation (steady state and transient) and independent of the limited bandwidth mathematical model.

Transformation involved
* (a,b,c)=> (a,B) (the Clarke transformation) which outputs a two co-ordinate time variant system.
*  (a,B)=>(d,q) (the Park transformation) which outputs a two co-ordinate time invariant system.

Park-It. lVDC
V

ISqref VSqref Soref
—’O—'.—’ dq/—
Isdref Vsdre Vgref
o |t/ o'y

|

SV || 3-phase
PWM| | Inverter

|

|

dgq e of s

isq

a’B asbw B
Parkt. Clarke .

Fig.5. Basic scheme of FOC for AC-motor
V. PSO BASED PHOTO VOLTAIC SYSTEM

To collect maximum power from PV system, Particle Swarm Optimization(PSO) based maximum power tracking
method is implemented.PSO is an Evolutionary Algorithm derived from Hill Climbing(HC) MPPT technique and
Intelligence technique. Particle swarm optimization (PSO) is highly potential due to its simple structure, easy
implementation, and fast computation capability Since PSO is based on search optimization, in principle, it should be
able to locate the MPP for any type of P—V curve regardless of environmental variations. The main advantage of the
method is the reduction of the steady state oscillation once the maximum power point (MPP) is located.
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Fig.6.simulation model for the PV system with the buck—boost converter and MPPT controller.

Working is given below

e Simulate the PV array and measure Voltage and Current. From Voltage and Current, Power is calculated .This
power is given to MPPT controller.

e MPPT controller worked based on PSO algorithm. Compared to other conventional MMPT techniques, it has faster
tracking speed .MPPT Controller helps to take maximum power from PV array.
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e The algorithm is implemented using a prototype DC-DC converter fed by a custom-designed solar array simulator.
Converter regulate the power and given to load. Load used is a resistive load

SIMULATION DIAGRAM OF EXISTING SYSTEM

Figure.7. Overall simulation diagram with PV array and DC-DC converter

OUTPUT WAVEFORMS

Tracking duty cycle

Tracking Power

Tracking Voltage

Tracking Current
VI. PROPOSED SYSTEM
Present System concentrate on the implementation of Particle Swarm Optimization technique in PV system to collect

maximum power from incident solar radiation. In proposed system instead of resistive load an Induction motor is
connected to the existing system. Field Oriented Control is used to control the motor speed.
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Fig.8. Block diagram of Proposed System.

System consist of PV array. MPPT Controller , DC-DC Converter ,field oriented controller, and Induction machine.
Voltage, current generated from PV array is given to MPPT controller. Controller helps to track maximum power with
the help of PSO algorithm. PWM signal generated from MPPT controller is given to DC-DC converter. DC output
given to an inverter unit which convert DC to AC.

AC is given to Induction motor and its speed is controlled using field oriented controller

SIMULATION DIAGRAM OF PROPOSED SYSTEM
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Fig .9. Simulation of proposed system
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VII. CONCLUSION

In this paper, a PSO with the capability of direct duty cycle is used to track the MPP of a PV system. The speed of
Induction motor is control using a Field oriented control in addition to PSO based PV system. It is shown that the
proposed MPPT controller exhibits an adaptive form of the HC method. To improve the tracking speed, a simple and
efficient method is proposed to reinitialize the particles to search for the new MPP, resulting in superior dynamic
response. The results indicate that the proposed controller outperforms the HC and gives a number of advantages: 1) it
has a faster tracking speed; 2) it exhibits zero oscillations at the MPP; 3) it could locate the MPP for any environmental
variations including partial shading condition and large fluctuations of insolation; and 4) the algorithm can be easily
developed using a low-cost microcontrollers.

REFERENCES

—

L. Bangyin, D. Shanxu, and C. Tao, “Photovoltaic DC-building-modulebased BIPV system-concept and design
considerations,” IEEE Trans. Power Electron., vol. 26, no. 5, pp. 1418—1429, May 2011.

. Young-Hyok, J. Doo-Yong, K. Jun-Gu, K. Jae-Hyung, L. Tae-Won, and W. Chung-Yuen, “A real maximum power
point tracking method for mismatching compensation in PV array under partially shaded conditions,” IEEE Trans.
Power Electron., vol. 26, no. 4, pp. 1001-1009, Apr. 2011.

3. Y. Bo, L.Wuhua, Z. Yi, and H. Xiangning, “Design and analysis of a gridconnected photovoltaic power system,”

IEEE Trans. Power Electron., vol. 25, no. 4, pp. 992—1000, Apr. 2010.

C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic
Controller Using State Space Techniques’- Taylor &Francis, Electric Power Components and Systems, Vol.39 (8),
pp.780-793, May 2011. DOI: 10.1080/15325008.2010.541746

5. S.Thirunavukkarasu, C. Nagarajan, 2024, “Performance Investigation on OCF and SCF study in BLDC machine
using FTANN Controller," Journal of Electrical Engineering And Technology, Volume 20, pages 2675-2688,
(2025), doi.org/10.1007/s42835-024-02126-w

6. E. Serban and H. Serban, “A control strategy for a distributed power generation microgrid application with voltage-
and current-controlled source converter,” IEEE Trans. Power Electron., vol. 25, no. 12, pp. 2981-2992, Dec. 2010.

7. K. Abdelsalam, A. M. Massoud, S. Ahmed, and P. N. Enjeti, “High-performance adaptive perturb and observe
MPPT technique for photovoltaic-based microgrids,” IEEE Trans. Power Electron., vol. 26, no. 4, pp. 1010-1021,
Apr. 2011.

8. M. A. Masoum, H. Dehbonei, and E. F. Fuchs, “Theoretical and experimental analyses of photovoltaic systems with
voltage and current-based maximum power point tracking,” IEEE Power Eng. Rev., vol. 22, no. 8, pp. 62—62, Oct.
2002.

9. H. Patel and V. Agarwal, “Maximum power point tracking scheme for PV systems operating under partially shaded
conditions,” IEEE Trans. Ind. Electron., vol. 55, no. 4, pp. 1689-1698, Apr. 2008.

10.K. H. Hussein, I. Muta, T. Hoshino, and M. Osakada, “Maximum photovoltaic power tracking: an algorithm for
rapidly changing atmospheric conditions,” IEE Proc.-Gen., Transmiss., Dist., vol. 142, no. 1, pp. 59—-64, Jan. 1995.

11.N. Femia, G. Petrone, G. Spagnuolo, and M. Vitelli, “Optimization of perturb and observe maximum power point

tracking method,” IEEE Trans. Power Electron., vol. 20, no. 4, pp. 963-973, Jul. 2005.

N

>

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 3454



http://www.ijeetr.org/
http://www.ingentaconnect.com/search;jsessionid=1kg6ea6iv8e98.x-ic-live-01?option2=author&value2=Periasamy,%20P.%20S.

International Journal of Engineering & Extended Technologies Research (IJEETR)

._'I, [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N ’ ~
g §'g | Volume 8, Issue 2, March - April 2026 |
Tyt
IJEETR DOI:10.15662/1JEETR.2026.0802347

12. Safari and S. Mekhilef, “Simulation and hardware implementation of incremental conductance MPPT with direct
control method using cuk converter,” IEEE Trans. Ind. Electron., vol. 58, no. 4, pp. 1154—-1161, Apr. 2011.

13.N. Alajmi, K. H. Ahmed, S. J. Finney, and B. W. Williams, “Fuzzylogic- control approach of a modified hill-
climbing method for maximum power point in microgrid standalone photovoltaic system,” IEEE Trans. Power
Electron., vol. 26, no. 4, pp. 1022—-1030, Apr. 2011.

14. M. Miyatake, F. Toriumi, T. Endo, and N. Fujii, “A Novel maximum power point tracker controlling several
converters connected to photovoltaic arrays with particle swarm optimization technique,” in Proc. Eur. Conf.
Power Electron. Appl., 2007, pp. 1-10.

15.V. Phimmasone,Y.Kondo, T. Kamejima, andM.Miyatake, “Evaluation of extracted energy from PV with PSO-
basedMPPT against various types of solar irradiation changes,” presented at the Int. Conf. Electrical Machines and
Systems, Incheon, Korea, 2010.

16. V. Phimmasone, T. Endo, Y. Kondo, and M. Miyatake, “Improvement of themaximum power point tracker for
photovoltaic generators with particle swarm optimization technique by adding repulsive force among agents,” in
Proc. Int. Conf. Electr. Mach. Syst., 2009, pp. 1-6.

17.Y. Liu, D. Xia, and Z. He, “MPPT of a PV system based on the particle swarm optimization,” in Proc. 4th Int. Conf.
Electric Utility Deregulation and Restruct. Power Technol., 2011, pp. 1094—-1096.

18.M. A. Hassan and M. A. Abido, “Optimal design of microgrids in autonomous and grid-connected modes using
particle swarm optimization,” IEEE Trans. Power Electron., vol. 26, no. 3, pp. 755-769, Mar. 2011.

19.K. Ishaque, Z. Salam, and H. Taheri, “Simple, fast and accurate twodiode model for photovoltaic modules,” Solar
Energy Mater. Solar Cells, vol. 95, pp. 586-594, 2011.

20.K. Ishaque, Z. Salam, and H. Taheri, “Accurate MATLAB simulink PV system simulator based on a two-diode
model,” J.PowerElectron., vol. 11, pp. 179-187, 2011.

21. User’s Manual, “Programmable Photovoltaic Array Simulator PVAS1,” Arsenal Research, AIT Austrian Institute of
Technology, Australia, 2007.

22.K.Prakashraj, G.Vijayakumar, S.Saravanan and S.Saranraj, “IoT Based Energy Monitoring and Management
System for Smart Home Using Renewable Energy Resources,” International Research Journal of Engineering and
Technology, Vol.7, Issue 2, pp.1790-1797, 2020.

23.J Mohammed siddi, A. Senthil kumar, S.Saravanan, M. Swathisriranjani, “Hybrid Renewable Energy Sources for
Power Quality Improvement with Intelligent Controller,” International Research Journal of Engineering and
Technology, Vol.7, Issue 2, pp.1782-1789, 2020.

24. T.R. Vignesh, M.Swathisriranjani, R.Sundar, S.Saravanan, T.Thenmozhi,” Controller for Charging Electric
Vehicles Using Solar Energy”, Journal of Engineering Research and Application, vol.10, Issue.01,pp.49-53, 2020.

25.G. Poovarasan, S. Susikumar, S. Naveen, N. Mohananthini, S. Saravanan,” Study of Poultry Fodder Passing
Through Trolley in Feeder Box,” International Journal of Engineering Technology Research & Management,
vol.4, Issue.1, pp.76-83, 2020.

26.M.Revathi, S.Saravanan, R.Raja, P.Manikandan,” A Multiport System for A Battery Storage System Based on
Modified Converter with MANFIS Algorithm,” International Journal of Engineering Technology Research &
Management, vol.4, issue 2, pp.217-222, 2020.

27.D Boopathi, S Saravanan, Kaliannan Jagatheesan, B Anand, “Performance estimation of frequency regulation for a
micro-grid power system using PSO-PID controller”, International Journal of Applied Evolutionary Computation
(IJAEC), Vol.12, Issue.4, pp.36-49, 2021.

28.V Kumarakrishnan, G Vijayakumar, D Boopathi, K Jagatheesan, S Saravanan, B Anand,” Frequency regulation of
interconnected power generating system using ant colony optimization technique tuned PID controller”, Control
and Measurement Applications for Smart Grid: Select Proceedings of SGESC 2021, pp..129-141.

29. G Vijayakumar, M Sujith, S Saravanan, Dipesh B Pardeshi, MA Inayathullaa," An optimized MPPT method for PV
system with fast convergence under rapidly changing of irradiation”, 2022 International Virtual Conference on
Power Engineering Computing and Control: Developments in Electric Vehicles and Energy Sector for Sustainable
Future (PECCON), pp.1-4.

30.VM Geetha, S Saravanan, M Swathisriranjani, CS Satheesh, S Saranraj, “Partial Power Processing Based
Bidirectional Converter for Electric Vehicle Fast Charging Stations”, Journal of Physics: Conference Series,
Vol.2325, Issue.1, pp.012028, 2022.

31.M Santhosh Kumar, G Dineshkumar, S Saravanan, M Swathisriranjani, M Selvakumari, “Converter Design and
Control of Grid Connected Hybrid Renewable Energy System Using Neuro Fuzzy Logic Model”, 2022 Second
International Conference on Computer Science, Engineering and Applications (ICCSEA), pp.1-6, 2022.

32.C Gnanavel, A Johny Renoald, S Saravanan, K Vanchinathan, P Sathishkhanna, “An Experimental Investigation of
Fuzzy-Based Voltage-Lift Multilevel Inverter Using Solar Photovoltaic Application”, Smart Grids and Green
Energy Systems, pp.59-74, 2022.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 3455



http://www.ijeetr.org/
https://www.igi-global.com/article/performance-estimation-of-frequency-regulation-for-a-micro-grid-power-system-using-pso-pid-controller/279061
https://www.igi-global.com/article/performance-estimation-of-frequency-regulation-for-a-micro-grid-power-system-using-pso-pid-controller/279061
https://link.springer.com/chapter/10.1007/978-981-16-7664-2_11
https://link.springer.com/chapter/10.1007/978-981-16-7664-2_11
https://ieeexplore.ieee.org/abstract/document/9851107/
https://ieeexplore.ieee.org/abstract/document/9851107/
https://iopscience.iop.org/article/10.1088/1742-6596/2325/1/012028/meta
https://iopscience.iop.org/article/10.1088/1742-6596/2325/1/012028/meta
https://ieeexplore.ieee.org/abstract/document/9936331/
https://ieeexplore.ieee.org/abstract/document/9936331/
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119872061.ch5
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119872061.ch5

International Journal of Engineering & Extended Technologies Research (IJEETR)

M'I, [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N ’ ~

%’ §'§ | Volume 8, Issue 2, March - April 2026 |

TR

IJEETR DOI:10.15662/1JEETR.2026.0802347

33.V Kumarakrishnan, G Vijayakumar, D Boopathi, K Jagatheesan, S Saravanan, B Anand, “Optimized PSO
technique based PID controller for load frequency control of single area power system”, Solid State Technology,
Vol.63. Issue.5, pp.7979-7990, 2020.

34.G. Poovarasan, S. Susikumar, S. Naveen, N. Mohananthini, S. Saravanan, “Implementation of loT Based Poultry
Feeder Box”, International Journal of Innovative Research In Technology, Vol.6, Issue.2, pp.33-38, 2020.

35.N.Gokulnath, B.Jasim Khan, S.Kumaravel, Dr.A.Senthil Kumar and Dr.S.Saravanan, “Soldier Health and Position
Tracking System”, International Journal of Innovative Research In Technology, Vol-6 Issues 12, pp.39-45, 2020.

36.P.Navaneetha, R.Ramiya Devi, S.Vennila, P.Manikandan and Dr.S.Saravanan, “ IOT Based Crop Protection
System against Birds and Wild Animal Attacks”, International Journal of Innovative Research In Technology, Vol-
6 Issues 11, pp.133-143, 2020.

37.K. Punitha, M. Rajkumar, S. Karthick and Dr. S. Saravanan, “ Impact of Solar And Wind Integration on
Frequency Control System”, International Research Journal of Engineering and Technology, Vol 7 Issue 3,
pp.1357-1362,2020.

38. A.Arulkumar, S.Balaji, M.Balakrishnan, G.Dineshkumar and S.Saravanan, “Design And Implementation of Low
Cost Automatic Wall Painting Machine” International Journal of Engineering Technology Research &
Management, Vol-4 Issues 03, pp.170-176, 2020.

39. V.Periyasamy, S.Surya, K. Vasanth, Dr.G.Vijayakumar and Dr.S.Saravanan, “Design And Implementation of Iot
Based Modern Weaving Loom Monitoring System” International Journal of Engineering Technology Research &
Management, Vol-4 Issues 04, pp.11-18, 2020.

40.M.Yogheshwaran, D.Praveenkumar, S.Pravin, P.M.Manikandan and Dr.S.Saravanan, “IoT Based Intelligent Traffic
Control System” International Journal of Engineering Technology Research & Management, Vol-4 Issues 04,
pp-59-63, 2020.

41.R.Pradhap, R.Radhakrishnan, P.Vijayakumar, R.Raja and Dr.S.Saravanan, “Solar Powered Hybrid Charging
Station For Electrical Vehicle” International Journal of Engineering Technology Research & Management, Vol-4
Issues 04, pp.19-27, 2020.

42.S.Shenbagavalli, T.Priyadharshini, S.Sowntharya, P.Manikandan and Dr.S.Saravanan, “Design and Implementation
of Smart Traffic Controlling System” International Journal of Engineering Technology Research & Management,
Vol-4 Issues 04, pp.28-36, 2020.

43.M.Pavithra, S.Pavithra, R.Rama Priya, M.Vaishnavee, M.Ranjitha and S.Saravanan, “Fingerprint Based Medical
Information System Using IoT” International Journal of Engineering Technology Research & Management, Vol-4
Issues 04, pp.45-51, 2020.

44. A.Ananthan, A.M.Dhanesh, J.Gowtham, R.Dhinesh, G.Jeevitha and Dr.S.Saravanan, “IoT Based Clean Water
Supply” International Journal of Engineering Technology Research & Management, Vol-4 Issues 03, pp.154-162,
2020.

45.R.Anbarsan, A.Arsathparvez, K.S.Arunachalam, M.Swathisriranjani and Dr.S.Saravanan, “Automatic Class Room
Light Controlling Using Arduino” International Journal of Engineering Technology Research & Management,
Vol-4 Issues 03, pp.192-201, 2020.

46. S.Karthikeyan, A.Krishnaraj, P.Magendran, T.Divya and Dr.S.Saravanan , “The Dairy Data Acquisition System”
International Journal of Engineering Technology Research & Management, Vol-4 Issues 03, pp.163-169, 2020.
47.M.Amaran, S.Mannar Mannan, M.Madhu, Dr.R.Sagayaraj and Dr. S.Saravanan, “Design And Implementation of
Low Cost Solar Based Meat Cutting Machine” International Journal of Engineering Technology Research &

Management, Vol-4 Issues 03, pp.202-208, 2020.

48.N.Harish, R.Jayakumar, P.Kalaiyarasan, G.Vijayakumar and S. Saravanan, “IoT Based Smart Home Energy Meter”
International Journal of Engineering Technology Research & Management, Vol-4 Issues 03, pp.177-183, 2020.

49.K.Subashchandrabose, G.Moulieshwaran, M.Raghul, V.Dhinesh and S.Saravanan, “Design of Portable Sanitary
Napkin Vending Machine”, International Journal of Engineering Technology Research & Management, Vol-4
Issues 03, pp.52-58, 2020.

50. D.Hemalatha, S.Indhumathi, V.Myvizhi and S.Saravanan, “Design and Implementation of Intelligent Controller for
Domestic Applications”, International Journal of New Innovations in Engineering and Technology, Vol.22,
Issue.3, pp.4-7,2023.

51.8S. Divyasri, E. Indhu, M. P. Keerthana, M. Selvakumari and S. Saravanan, “Gas Cylinder Monitoring System using
[oT”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.67-71, 2023.

52.J.Arul, R.Balaji, S.Jeyamoorthy, M.Manipathra, R.Sundar and S.Saravanan, “IoT based Air Conditioner Control
using ESP32”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.48-
52,2023.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 3456



http://www.ijeetr.org/
https://www.researchgate.net/profile/Boopathi-d/publication/347994741_Optimized_PSO_Technique_Based_PID_Controller_for_Load_Frequency_Control_of_Single_Area_Power_System/links/5fec3214a6fdccdcb816b892/Optimized-PSO-Technique-Based-PID-Controller-for-Load-Frequency-Control-of-Single-Area-Power-System.pdf
https://www.researchgate.net/profile/Boopathi-d/publication/347994741_Optimized_PSO_Technique_Based_PID_Controller_for_Load_Frequency_Control_of_Single_Area_Power_System/links/5fec3214a6fdccdcb816b892/Optimized-PSO-Technique-Based-PID-Controller-for-Load-Frequency-Control-of-Single-Area-Power-System.pdf

International Journal of Engineering & Extended Technologies Research (IJEETR)

M'I, [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N ’ ~

%’ §'§ | Volume 8, Issue 2, March - April 2026 |

TR

IJEETR DOI:10.15662/1JEETR.2026.0802347

53.Vundel Munireddy, J.Prahathesvaran, C.R.Thirunavukarasu, M.Santhosh Kumar and S.Saravanan, “loT Based
Charge Controller for Direct Fast Charging of Electric Vehicles Using Solar Panel”, International Journal of New
Innovations in Engineering and Technology, Vol.22, Issue.3, pp.77-81, 2023.

54.D.Monish Kumaar, K.Akash, S.Aswinkumar, S.Saravanan and R. Sagayaraj, “loT based Industry Surveillance and
Air Pollution Monitoring using Drones”, International Journal of New Innovations in Engineering and Technology,
Vol.22, Issue.3, pp.14-18, 2023.

55. T.Silambarasan, R.Surya, J.Pravinkumar, R.Sundar and S Saravanan, “loT based Monitoring System For Sewage
Sweeper”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.88-93,
2023.

56.R.Aravinthan, Alwin.Augustin, P.Divagaran, S.Saravanan and P.Manikandan, “loT Based Power Consumption and
Monitoring System”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3,
pp-43-47, 2023.

57.S.Partheeban, S.Sundaravel, S.Umapathi, R.Sagayaraj and S.Saravanan, “IoT based Safety Helmet for Mining
Workers”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.116-120,
2023.

58. K.Eswaramoorthi, R.Manikandan, R.Balamurugan, C.Ramkumar and S.Saravanan, “Smart Parking System using
IoT”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.53-57, 2023.

59.S.Nirmalraj, C.Pranavan, M.Prem and S.Saravanan, “Smart Trolley With IoT Based Billing System”, International
Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.111-115, 2023.

60. V.Gunasekaran, M.Gowtham , S. Anbubalaji, S.Saravanan and R.Prakash, “Solar based Electric Wheel Chair”,
International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.8-13, 2023.

61.P Thava Prakash, P.Venketesan, D.Vignesh, S.Prakash, S.Saravanan, “Design of Low Cost E-Bicycle using
Brushless DC Motor with Speed Regulator”, International Journal of New Innovations in Engineering and
Technology, Vol.22, Issue.3, pp.148-153, 2023.

62.D.Tamilarasan, V.S.Vairamuthu, Y.Vasanth, K.Umadevi, S.Saravanan, “GSM based Agricultural Motor Control”,
International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.172-177, 2023.

63.P. Vimal, S.Veerasigamani, R.Srihari, C.S.Satheesh, S.Saravanan, “IoT Based Optimal Power Management System
For Smart Grid”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3,
pp.160-165, 2023.

64.S.Abimanyu, P.Jagadheeswaran, S.Jaganath, K.Sanjay, R.Sivapranesh, K.Velmurugan, N.Mohananthini,
C.S.Satheesh, S.Saravanan, “Portable Solar Tree”, International Journal of New Innovations in Engineering and
Technology, Vol.22, Issue.3, pp.154-159, 2023.

65. M.Karthikeyan, S.Bilalahamad, V.A.Chandru, V.Deepika and S.Saravanan, “Design and Development of IoT based
Motor Starter”, International Journal of New Innovations in Engineering and Technology, Vol.22, Issue.3, pp.178-
183, 2023.

66.R.Anbarsan, A.Arsathparvez, K.S.Arunachalam, M.Swathisriranjani and S.Saravanan, “Automatic Class Room
Light Controlling Using Arduino” International Journal of Engineering Technology Research & Management
(IJETRM), Vol-4 Issues 03, pp.192-201, 2020.

67.S Karthikeyan, A.Krishnaraj, P.Magendran, T.Divya and S.Saravanan , “The Dairy Data Acquisition System”
International Journal of Engineering Technology Research & Management (IJETRM), Vol-4 Issues 03, pp.163-
169, 2020.

68. N.Harish, R.Jayakumar, P.Kalaiyarasan, G.Vijayakumar and S. Saravanan, “IoT Based Smart Home Energy Meter”
International Journal of Engineering Technology Research & Management (IJETRM), Vol-4 Issues 03, pp.177-
183, 2020.

69.G. Poovarasan, S. Susikumar, S. Naveen, N. Mohananthini, S. Saravanan,” Study of Poultry Fodder Passing
Through Trolley in Feeder Box,” International Journal of Engineering Technology Research & Management,
vol.4, Issue.1, pp.76-83, 2020.

70. A.Ananthan, A.M.Dhanesh, J.Gowtham, R.Dhinesh, G.Jeevitha and S.Saravanan, “IoT Based Clean Water Supply”
International Journal of Engineering Technology Research & Management (IJETRM), Vol-4 Issues 03, pp.154-
162, 2020.

71.Ram Kumar C, Saravanan S, and Nagarajan C,“Hybrid LSTM and Deep Reinforcement Learning for Autonomous
Battery Health Optimization in Electric Vehicles”, Electrical Power Systems Research, Vol-253 Issues 112535,
ISSN No:0378-7796,2025.

72. Gopinathan, V. R. (2024). Real-Time Fault-Tolerant Multi-Cloud Database Architectures for High Availability
Applications. International Journal of Future Innovative Science and Technology (IJFIST), 7(4), 13148.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 3457



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

M'I, [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N ’ ~

%’ §'§ | Volume 8, Issue 2, March - April 2026 |

TR

IJEETR DOI:10.15662/1JEETR.2026.0802347

73.Chandra, S., Rengarajan, A., Sahoo, G. S., & Sharma, S. (2023, December). Identifying Neuronal Damage and
Plasticity by Analyzing Changes in Diffusion Tensor Imaging. In International Conference on Data Science,
Machine Learning and Applications (pp. 433-438). Singapore: Springer Nature Singapore.

74.Sugumar, R. (2025). Federated Al in Offline-First Mobile Health Architectures for Privacy-Preserving Clinical
Intelligence. International Journal of Science, Research and Technology, 8(4), 14589-14600.

75. Murugeshwari, B., Rajalakshmi, S., & Sudharson, K. (2023). Hybrid Approach for Privacy Enhancement in Data
Mining Using Arbitrariness and Perturbation. Computer Systems Science & Engineering, 44(3).

76.Pandey, V. K., Mishra, S., Rengarajan, A., Savita, & Roomi, M. M. (2024, March). Enhancing Weather Forecasting
with Machine Learning Techniques. In International Conference on Renewable Power (pp. 147-156). Singapore:
Springer Nature Singapore.

77.Soundappan, S. J. (2025). Next Generation Al Enabled Holistic Cognitive Platform for Secure Cloud Network
Intelligence Enterprise Systems and Digital Trust Optimization. International Journal of Computer Technology and
Electronics Communication, 8(5), 11534-11542.

78.Mathew, A. (2022). Leveraging Big Data Analytics to Power Al and ML (Machine Learning) Automation.
Educational Research (IIMCER), 4(5), 131-134.

79. Sugumar, R. (2024). Al-Augmented Quality Engineering for Performance Optimization and Test Orchestration in
Distributed Systems. International Journal of Science, Research and Technology, 7(5), 12835-12846.

80. Akila, R. (2024). A deep reinforcement learning approach for optimizing inventory management in the agri-food
supply chain. J. Electrical Systems, 20(4s), 2238-2247.

81. Mahendran, M., Anbazhagan, K., Pavithran, G., Nivas, A., & Pandey, S. D. (2022). Earthquake Damage Prediction
using Machine Learning. Grenze International Journal of Engineering & Technology (GIJET), 8(1).

82. Gopinathan, V. R. (2025). Enterprise Al Frameworks for Financial Data Engineering Behavioural Analytics and
Intelligent Cloud Solutions. International Journal of Research Publications in Engineering, Technology and
Management (IJRPETM), 8(4), 12499-12506.

83.Kondalsamy, P., & Kaliappan, K. (2025). An Optimal Prediction of Leaf Disease Based on Hybrid Deep Learnings
and Metaheuristic Technique. Traitement du Signal, 42(1), 363.

84.Deivendran, P., Babu, P. S., Malathi, G., Anbazhagan, K., & Kumar, R. S. (2023). Emotion Recognition for
Challenged People Facial Appearance in Social using Neural Network. arXiv preprint arXiv:2305.06842.

85. Sugumar, R. (2025). Unified Al Framework for Predictive Data Engineering and Real Time Prescription and
Billing Systems. International Journal of Advanced Engineering Science and Information Technology (IJAESIT),
8(5), 17261.

86. Vekariya, V., Kumar, S., & Rengarajan, A. (2024). A distinctive and smart agricultural knowledge-based
framework using ontology. In Sustainability in Digital Transformation Era: Driving Innovative & Growth (pp.
207-213). CRC Press.

87. Gopinathan, V. R. (2025). Software engineering practices for Al-driven systems: From development to deployment
(MLOps perspective). International Journal of Science, Research and Technology, 8(1), 13493-13500.

88.Mathew, A. R. (2022). Threats and protection on E-sim: a prospective study. Novel Perspectives of Engineering
Research, 8, 76-81.

89.Naveena, S., & Kavitha, K. (2025). Gossypium herbaceum: Folium disease identification and classification using
Efficient Net-Coordinate Convolutional Neural Network (EcoNet). Engineering Applications of Artificial
Intelligence, 152, 110701.

90. Rengarajan, A., Mishra, A., Kulhar, K. S., Shrivastava, V. P., & Alawneh, Y. J. J. (2024, March). Role of Deep
Reinforcement Learning in Mitigating Cyber Security Issues: A Review. In International Conference on
Renewable Power (pp. 37-48). Singapore: Springer Nature Singapore.

91. Achari, A. P. S. K., & Sugumar, R. (2024, November). Performance analysis and determination of accuracy using
machine learning techniques for naive bayes and random forest. In AIP Conference Proceedings (Vol. 3193, No. 1,
p- 020199). AIP Publishing LLC.

92.Mathew, A., & Alex, H. (2022). Detect & protect-medical device cybersecurity. Curr. Overview Sci. Technol. Res,
1, 60-68.

93.Sammy, F., Chettier, T., Boyina, V., Shingne, H., Saluja, K., Mali, M., ... & Shobana, A. (2025). Deep Learning-
Driven Visual Analytics Framework for Next-Generation Environmental Monitoring. Journal of Applied Science
and Technology Trends, 114-122.

94. Anbazhagan, K. (2024). Trustworthy and Adaptive Al Systems for Enterprise Analytics Cybersecurity and Decision
Optimization Using API-First and Cloud-Native Architectures. International Journal of Technology, Management
and Humanities, 10(03), 65-74.

95.Mathew, A. (2021). Deep reinforcement learning for cybersecurity applications. Int J Comput Sci Mob Compu,
10(12), 32-38.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 3458



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

._'I, [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N ’ ~

%’ §'z | Volume 8, Issue 2, March - April 2026 |

TR

IJEETR DOI:10.15662/1JEETR.2026.0802347

96. Dhinakaran, D. (2022). Joe Prathap P. M, Selvaraj D, Arul Kumar D and Murugeshwari B," Mining Privacy-
Preserving Association Rules based on Parallel Processing in Cloud Computing,". International Journal of
Engineering Trends and Technology, 70(3), 284-294.

97.Karthika, K., Anusha, K., Kavitha, K., Harshadha, R., Dharshini, D. S., & Sundhar, N. A. (2025, April). Frequency
Reconfigurable Antenna using Advanced Materials: A Study. In 2025 3rd International Conference on
Advancements in Electrical, Electronics, Communication, Computing and Automation (ICAECA) (pp. 1-6). IEEE.

98. Thavamani, C., & Rengarajan, A. (2024). Clustering related behaviour of users by the use of partitioning and
parallel transaction reduction algorithm. International Journal of Advanced Intelligence Paradigms, 29(2-3), 122-
132.

99. Sugumar, R. (2025). Unified Al Framework for Predictive Data Engineering and Real Time Prescription and
Billing Systems. International Journal of Advanced Engineering Science and Information Technology (IJAESIT),
8(5), 17261.

100.Soundappan, S. J., & Sugumar, R. (2016). Optimal knowledge extraction technique based on hybridisation of
improved artificial bee colony algorithm and cuckoo search algorithm. International Journal of Business
Intelligence and Data Mining, 11(4), 338-356.

101.SakthiPreetha, A., Kavitha, K., Karthika, K., & Manohari, R. G. (2025, April). A Novel Metasurface-Embedded
Antenna for WBAN Communications. In 2025 3rd International Conference on Advancements in Electrical,
Electronics, Communication, Computing and Automation (ICAECA) (pp. 1-4). IEEE.

102.Murugeshwari, B., Selvaraj, D., Sudharson, K., & Radhika, S. (2023). Data Mining with Privacy Protection Using
Precise Elliptical Curve Cryptography. Intelligent Automation & Soft Computing, 35(1).

103.Gopinathan, V. R. (2025). Software engineering practices for Al-driven systems: From development to
deployment (MLOps perspective). International Journal of Science, Research and Technology, 8(1), 13493-13500.

104.Anbazhagan, K., Kumar, R., Thilagavathy, R., & Anuradha, D. (2024, March). Shortest Job First with Gateway-
based Resource Management Strategy for Fog Enabled Cloud Computing. In 2024 4th International Conference on
Data Engineering and Communication Systems (ICDECS) (pp. 1-6). IEEE.

105.Kannadhasan, S., Vasuki, S., Kavitha, K., Karthikeyan, P., & Usha, S. G. A. (Eds.). (2025, April). Preface: Role of
Artificial Intelligence and IoT in Engineering, Technology & Science [ICRAETS 2024]. In AIP Conference
Proceedings (Vol. 3258, No. 1, p. 010001). AIP Publishing LLC.

106.Dhinakaran, D., Prathap, P. J., Selvaraj, D., Kumar, D. A., & Murugeshwari, B. (2022). Mining privacy-preserving
association rules based on parallel processing in cloud computing. International Journal of Engineering Trends and
Technology, 70(3), 284-294.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 3459



http://www.ijeetr.org/

	Publication History: Received: 25.02.2026; Revised: 20.03.2026; Accepted: 25.03. 2026; Published: 28.03.2026.

