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Abstract: Over the past ten years, there has been a lot of attention paid to the vehicle-to-grid concept. A typical
load on DC micro grids is the electric vehicle (EV), which can function as a distributed energy storage system to
increase the DC micro grid's stability and dependability, enable the integration of renewable energy sources, and
boost overall system effectiveness. This paper suggests a novel three-level Capacitor- Inductor- Capacitor (CL&LC)
resonant converter for off-board EV charger in order to achieve bidirectional power transmission between the DC
micro grid and EV. The proposed converter adapts to the wide voltage range of EVs by incorporating resonant
CL&LC components and combining the operating modes of the two three-level full bridges from 2500 V to 750 V.
To examine the frequency characteristics of the resonant converter, an equivalent circuit model using a first harmonic
approximation approach is built. Additionally, a working mode selection method based on the idea of the least
transformer RMS current is suggested. In order to confirm the viability and benefit of the three-level CL&LC
resonant converter, a 3.7 KW hardware prototype was built. The flying capacitor voltages of the proposed converter
are well balanced, and its efficiency changes little over a wide output voltage range.

Keywords: CL&LC, Electric vehicle, three-level, wide output voltage range.

1.0 INTRODUCTION

Over the past five years, interest in DC micro grids has grown steadily in both academics and business. While
AC micro grid performance has improved significantly over the past ten years, it is now widely acknowledged that
DC micro grids are more desirable because to their higher efficiency, easier interaction with RES and ESS, and better
compliance with consumer electronics. Additionally, when equipment is connected to a DC bus, problems like
reactive power, poor power quality, and frequency regulation don't exist. In contrast to conventional AC grids, DC
micro grids face some particular issues with DC circuit breakers, DC plugs, and DC electric arc detection. A typical
DC micro grid structure is shown in Fig. 1. Electric vehicles (EV) are one of them and a typical load on DC micro
grids. EV battery systems can perform the function of distributed ESS in addition to their traditional function as loads
of DC micro grids [1-3]. Most of the time, electric vehicles are not moving. Energy storage systems can be made
cheaper and smaller if electric vehicles are employed as ESS. If appropriately managed, they may promote the
integration of RES and increase system efficiency while also increasing the dependability and stability of the DC
micro grid. The off-board EV charger must have a bidirectional DC-DC converter that can function in both the
charging mode (G2V) and discharging mode in order to fulfil the function of distributed ESS.
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Fig.1: Structure of DC micro grid

POWER ELECTRONICS

Power electronics refers to the use of solid-state electronics for regulating and converting electric power.
Electrical and electronic engineering refers to it as a research field because it deals with the designing, calculation,
control, and integration of electronic systems where energy is processed with fast dynamics that are nonlinearly time
variable. The first powerful electronic devices were mercury arc valves. Modern systems carry out the conversion
using transistors, diodes, and other semiconductor switching devices that R.D. Middle Brook and others invented in
the 1950s. In contrast to electronic systems that are focused with the transmission and processing of signals and data,
power electronics processes significant amounts of electrical energy. An AC/DC converter is the most prevalent
power electronics component found in many consumer electronics products, including battery chargers, personal
computers, televisions, etc.[9,10]. Tens to several hundred watts are within its power range. The most common use in
industry is for a variable speed drive to control an induction motor. A few hundred watts to tens of megawatts are the
power capacities of VSDs.

DC to AC converters

DC to AC converters turn a DC source into an AC output waveform. Applications include solar generators,
active filters, flexible AC transmission systems (FACTS), voltage compensators, and adjustable speed drives (ASD).
Voltage source inverters and current source inverters are two unique groups of topologies for these converters. The
independently controlled output of voltage source inverters, also known as VSls, is a voltage waveform. The
controlled AC output of current source inverters (CSIs) is unique in that it has a current waveform. The DC to AC
power conversion is accomplished by static power converters, which are typically fully controllable semiconductor
power switches. Due to the discrete values used in the output waveforms, quick transitions rather than smooth ones
are produced. The modulation approach controlling how long and when the power valves are on and off allows for the
creation of almost sinusoidal waveforms around the fundamental frequency. The carrier-based technique, also known
as pulse width modulation, the space-vector technique, and the selective- harmonic technique are all common
modulation methods. Both single-phase and three-phase applications can effectively use voltage source inverters.
Power supplies, single-phase UPSs, and complex high-power topologies when utilized in multi cell arrangements are
all common uses for single-phase VSls, which employ half-bridge and full-bridge configurations. Applications
requiring sinusoidal voltage waveforms, such ASDs, UPSs, and some FACTS devices like the STATCOM, use three-
phase VSIs. Additionally, they are utilized in active filters and voltage compensators, two devices that call for
arbitrary voltages.

Buck Converter:

In Fig. 2.a, a buck converter (DC-DC) is depicted. Only a switch, which uses a device from the transistor family
as previously mentioned, is presented. Additionally, when the switch (i.e., a device) is turned off, a diode (known as a
freewheeling diode) is used to permit the load current to flow through it. It is an inductive (R-L) one load. A battery
(or back emf) may occasionally be connected in series with the load. Because of the load inductance, the load current
requires a path, which the diode provides; otherwise, the switching device could be harmed by the high induced emf
of the inductance as the load current tends to decrease. This circuit is known as a step-down chopper if the switching
device used is a thyristor since the output voltage is often lower than the input voltage.
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Fig.2a: Buck converter
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Boost Converter
(DC-DC):
In Fig. 2.b, a boost converter (DC-DC) is depicted. Only a switch, which typically employs a transistor-family
device, is displayed. The load is connected in series with a diode as well. The load is of the same type as that
previously described. The load has a low inductance. Assumed to be in series with the input supply is an inductance,

L. You may want to take note of where the switch and diode are located in this circuit in comparison to where they
are located in the buck converter.
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Fig.2b: Boost Converter
Fig. 2.c depicts a buck-boost converter (DC-DC). Only a switch, which typically employs a transistor-family
device, is displayed. The load is connected in series with a diode as well. You can observe how the diode is connected
by comparing it to how it is connected in a boost converter.
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Fig.2b: Buck Boost Converter

3.0 PULSE-WIDTH MODULATION (PWM)

A message is encoded using this modulation method and turned into a pulsing signal. This modulation method
can be used to encode data for transmission, but its primary function is to enable control over the power sent to
electrical equipment, particularly to inertial loads like motors. PWM and maximum power point tracking are the two
main algorithms used in photovoltaic solar battery chargers,[1] with PWM being one of them. By rapidly flipping the
switch between the supply and the load on and off, the average amount of voltage (and current) provided to the load is
managed. The total power provided to the load increases while the switch is on for a longer period of time compared
to when it is off. The load (the device that consumes the power) must perceive the resultant waveform as smoothly as
possible, so the PWM switching frequency must be much higher than what would affect the load. Depending on the
load and application, the rate (or frequency) at which the power supply must switch can vary significantly. For
instance, an electric stove requires switching several times per minute; a lamp dimmer requires 120 Hz; a motor drive
requires switching at a rate of a few kilohertz (kHz) to tens of kHz; and audio amplifiers and computer power supplies
require switching at rates well into the tens or hundreds of kHz.
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Fig.3a: PWM Pulses
The intersective approach, which just needs a comparator and a sawtooth or
triangle waveform (easily produced with a basic oscillator), is the easiest way to
create a PWM signal. The PWM signal (magenta) is in the high state when the
reference signal (the red sine wave in fig. 3) has a value greater than the
modulation waveform (blue), and in the low state otherwise.

Delta
In the use of delta modulation for PWM control, the output signal is integrated, and the result is compared

with limits, which correspond to a Reference signal offset by a constant. Every time the integral of the output signal

reaches one of the limits, the PWM signal changes state.®®! Figure 3
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Figure 3b : Principle of the delta PWM.

The output signal (blue) is compared with the limits (green). These limits correspond to the reference signal
(red), offset by a given value. Every time the output signal (blue) reaches one of the limits, the PWM signal changes
state. PWM sampling theorem

“The process of PWM conversion is non-linear and it is generally supposed that low pass filter signal
recovery is imperfect for PWM. The PWM sampling theorem 1 shows that PWM conversion can be perfect. The
theorem states that "Any band limited baseband signal within £0.63 can be represented by a pulse widthmodulation
(PWM) waveform with unit amplitude. The number of pulses in the waveform is equal to the number of Nyquist
samples and the peak constraint is independent of whether the waveform is two-level or three-level."
Telecommunications

In telecommunications, PWM is a form of signal modulation where the widths of the pulses correspond to
specific data values encoded at one end and decoded at the other.

Pulses of various lengths (the information itself) will be sent at regular intervals (the carrier frequency ofthe
modulation).
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The inclusion of a clock signal is not necessary, as the leading edge of the data signal can be used as the clock if
a small offset is added to the data value in order to avoid a data value with a zero-length pulse.
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Power delivery

Without experiencing the losses that would come with linear power delivery using resistive methods, PWM
can be utilized to regulate the amount of power given to a load. This method has drawbacks in that the energy given
to the load is not continuous and neither is the power drawn by the load, which is discontinuous rather than constant
(see Buck converter). However, if the load is inductive, the pulse train can be smoothed and the average analogue
waveform retrieved by employing additional passive electronic filters at a high enough frequency when necessary.
DC-DC CONVERTERS

a DC-DC converter with a high step-up voltage that can be applied to a variety of things, including battery
backup systems for uninterruptible power supplies, fuel cell energy conversion systems, solar energy conversion
systems, and the headlights of cars. The step-up voltage gain of a dc-dc boost converter is constrained by the impact
of power switches and the equivalent series resistance of inductors and capacitors in practice. Theoretically, a dc-dc
boost converter can achieve a high step-up voltage with a high effective duty ratio. To obtain a high-step-up voltage
gain with a high duty ratio, a conventional boost converter is typically used. However, the reverse recovery issue with
diodes and the losses of power switches and diodes, as well as the equivalent series resistance of inductors and
capacitors, limit the efficiency and voltage gain. Due to high voltage stress and power dissipation caused by the active
switch of these converters, the transformer’s leakage inductance.

4.PROPOSED THREE-LEVEL CLLC RESONANT CONVERTER

A. The topology of the three-level CL&LC resonant converter the proposed three-level CL&LC resonant
converter is shown in Fig. It consists of two three-level full bridges, an intermediate frequency transformer, two
resonant inductors and two resonant capacitors. Lrl and Lr2 represents the sum of the resonant inductance and the
transformer leakage inductance in the primary side and the secondary side, respectively. n is the transformer turns
ratio. The magnetizing inductance of the transformer is much larger than Lrl and Lr2, so the excitation current is
neglected in the discussion below. Cr1, Cr2, Lrl and Lr2
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4: Topology of the three-level CLLC
resonant converter
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form a series resonant network. Meanwhile, Crl and Cr2 are also used to offset the DC component produced by
the two three-level full bridges. In a practical application, the V2 DC port is connected to EV, the voltage of which
varies over a wide range, such as 210 V to 710 V. The V1 DC port is connected to a DC bus in a DC microgrid,
which usually maintains a constant voltage, such as 740 V. Obviously, the proposed CL&LC converter can operate in
two power directions due to the fully symmetrical structure. When the converter works in G2V mode, the primary
bridge operates as an inverter and the secondary bridge operates as a rectifier. When the converter works in V2G
mode, the primary bridge operates as a rectifier and the secondary bridge operates as an inverter. The three-level leg
can operate in four switching states, as shown in TABLE I. For instance, the positive voltage level could be achieved
by turning on S1 and S2 and turning off S3 and S4.

State Sl S2 S3 S4 Ve
P On On Off Off 0.50
o, On OFff On Off 0
O, OfF On OfF On 0
N OFfF OFF On On 0.5
- — [ - i [ — - 1

[ .« in e P | = - e “ wiam, P DT |

— -—

- L —

R T 3 —

P Pt R e

Table"4.1 SWitching states of a th‘r'ee-level leg of the primary
bridge

Figure 5: Four working modes of the primary three-level full bridge in no load condition. vEB is a quasi-
square wave with the amplitude equal to V1, 0.75V1, 0.5V1 and 0.25V1

The flying capacitor C5's voltage is unaffected by the output current ip in States P and N. The voltage of the
flying capacitor is affected differently for States O1 and O2 by the output current ip. For instance, C5 will charge in
State O1 and discharge in State O2 if ip is positive. Therefore, in order to maintain the flying capacitor voltage at
0.8V1, the two zero-level switching states need be chosen alternately. In Modes E and G, the DC component of the
capacitor voltage, vCr2, is equal to 0, and in Modes F and H, it is equal to 0.28V2. The DC component of vFD is
always grounded due to the capacitor Cr2's DC blocking function.

State W5 (ST w7 ON Vi L4, 0) Vs Ui, )

"o on on O on 0.8 0o.sl

", [T} on O on (8] 0.5l

L] Ly o o o 0.5 O
Table: Switching states of a three-level leg of the secondary
bridge
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Figure 6: The control block diagram when the converter operates in G2V mod

SIMULATION RESULTS:

The results are taking of two types of controllers like Pl and PID controllers
P1 controller: A P.I Controller is a feedback control loop that calculates an error signal by taking the difference
between the output of a system, which in this case is the power being drawn from the battery, and the set point. The
figure above shows a software level block diagram of the P.I control algorithm:
PID controller:

A proportional-integral-derivative controller (PID controller or three-term controller) is a control loop
mechanism employing feedback that is widely used in industrial control systems and a variety of other applications
requiring continuously modulated control. A PID controller continuously calculates an error value as the difference
between adesired set point (SP) and a measured process variable (PV) and applies a correction based on proportional,
integral, and derivative terms (denoted P, I, and D respectively), hence the name
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Figure 7: EV voltage of two different controllers
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Figure 8: DC to DC convert voltage of two different controllers
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Figure 9: DC to DC convert voltage of two different controllers

Figure 10: DC to DC convert current of two different controllers

MATLARB is a high-performance language for technical computing. It integrates computation, visualization,
and programming in an easy-to-use environment where problems and solutions are expressed in familiar
mathematical notation. Typical uses include Math and computation Algorithm development Data acquisition
Modeling, simulation, and prototyping Data analysis, exploration, and visualization Scientific and engineering
graphics Application development, including graphical user interface building. MATLAB is an interactive system
whose basic data element is an array that does not require dimensioning. This allows you to solve many technical
computing problems, especially those with matrix and vector formulations, in a fraction of the timeit would take to
write a program in a scalar no interactive language such as C or FORTRAN.

CONCLUSION

For an off-board EV charger on DC micro grids, a three-level CL&LC resonant converter is presented in this study
[1-3]. The converter's two three-level complete bridges each have four operating modes. The suggested converter
adapts to a wide range of output voltage range applications by combining the two full bridges' operating modes. To
examine the frequency characteristics, an equivalent circuit of the three-level CL&LC resonant converter is presented.
On the basis of the minimum transformer RMS current principle, a working mode selection algorithm is proposed. A
3.7 K. W hardware prototype was built to validate the proposed converter. Simulation results show that the converter
can operate stably in a wide output voltage range, and the efficiency of the proposed converter changes little over a
wide output voltage range. Moreover, the flying capacitor voltages of the three-level CL&LC resonant converter is
balanced well by selecting different switching states in different switching cycles.

REFERENCES

1. H. Lotfi and A. Khodaei, "AC Versus DC Microgrid Planning," IEEE Transactions on Smart Grid, vol. 8, DOI:
10.1109/TSG.2015.2457910, no. 1, pp 296 - 304, Jan. 2017.

Copyrights @Muk Publications Vol. 13 No.2 December, 2021
International Journal of Computational Intelligence in Control

790



2. T. Dragicevic, X. Lu, J. C. Vasquez, and ]J. M. Guerrero, "DC Microgrids — Part II: A Review of Power Architectures,
Applications, and Standardization Issues," IEEE Transactions on Power Electronics, vol. 31, DOI 10.1109/TPEL.2015.24642717,
no. 5, pp. 3528-3549, May 2016.

3. M. Wang, S. Tan, C. Lee, and S. Y. Hui, "A Configuration of Storage System for DC Microgrids," IEEE Transactions on Power
Electronics, vol. 33, DOI 10.1109/TPEL.2017.2723909, no. 5, pp. 3722-3733, May 2018.

4. ] Jiang, Y. Bao and L.Y. Wang, "Topology of a Bidirectional Converter for Energy Interaction between Electric Vehicles and the
Grid," Energies, vol. 7, DOI 10.3390/en7084858, pp. 48584894, August 2014.

5. M. G. Quilez, M. Abdel-Monem, M. E. Baghdadi, Y. Yang, J. V. Mierlo and O. Hegazy, "Modelling, Analysis and Performance
Evaluation of Power Conversion Unit in G2V/V2G Application—A Review," Energies, vol. 11, DOI 10.3390/en11051082, pp.
1-24, May 2018.

6. A. Mortezaei, M. Abdul-Hak and M.G. Simoes, " A Bidirectional NPC-based Level 3 EV Charging Systemwith Added Active
Filter Functionality in Smart Grid Applications," in Proc. IEEE Transportation Electrification Conference and Expo., DOI
10.1109/1TEC.2018.8450196, pp. 201-206, June 2018.

7. P. He and A. Khaligh, "Comprehensive Analyses and Comparison of 1 kW Isolated DC-DC Converters for Bidirectional EV
Charging Systems," IEEE Transactions on Transportation Electrification, vol. 3, DOI 10.1109/TTE.2016.2630927 no. 1, pp.
147-156, March 2017.

8. E. Rodriguez-Diaz, F. Chen, ]. C. Vasquez, J. M. Guerrero, R. Burgos, and D. Boroyevich, "Voltage-Level Selection of Future
Two-Level LVdc Distribution Grids: A Compromise Between Grid Compatibiliy, Safety, and Efficiency," IEEE Electrification
Magazine, vol. 4, DOI 10.1109/MELE.2016.2543979 no. 2, pp. 20-28, June 2016.

9. A. Filba-Martinez, S. Busquets-Monge, ]. Nicolas-Apruzzese, and ]. Bordonau, "Operating Principle and Performance
Optimization of a Three-Level NPC Dual-Active-Bridge DC - DC Converter," IEEE Transactions on Industrial Electronics, vol.
63, DOI 10.1109/TIE.2015.2480753, no.2, pp. 678-690, February 2016.

10. P. Liu, C. Chen, S. Duan, and W. Zhu, "Dual Phase-Shifted Modulation Strategy for the Three-Level Dual Active Bridge DC-
DC Converter," IEEE Transactions on Industrial Electronics, vol. 64, DOI10.1109/TIE.2017.2696488, no. 10, pp. 7819-7830,
October 2017.

11.Tabassum, Saleha, and B. Mouli Chandra. "Power Quality improvement by UPQC using ANN Controller." International Journal of
Engineering Research and Applications 2.4 (2012): 2019-2024.

12.Chandra, B. Mouli, and Dr S. Tara Kalyani. "FPGA controlled stator resistance estimation in [VC of IM using FLC." Global Journal
of Researches in Engineering Electrical and Electronics Engineering 13.13 (2013).

13.Chandra, B. Mouli, and S. Tara Kalyani. "Online identification and adaptation of rotor resistance in feedforward vector controlled
induction motor drive." Power Electronics (IICPE), 2012 IEEE 5th India International Conference on. IEEE, 2012.

14.Chandra, B. Mouli, and S. Tara Kalyani. "Online estimation of Stator resistance in vector control of Induction motor drive." Power
India Conference, 2012 IEEE Fifth. IEEE, 2012.

15.MURALI S., and B. MOULI CHANDRA. "THREE PHASE 11-LEVEL INVERTER WITH REDUCED NUMBER OF
SWITCHES FOR GRID CONNECTED PV SYSTEMS USING VARIOUS PWM TECHNIQUES."

16.BABU, GANDI SUNIL, and B. MOULI CHANDRA. "POWER QUALITY IMPROVEMENT WITH NINE LEVEL
MULTILEVEL INVERTER FOR SINGLE PHASE GRID CONNECTED SYSTEM."

17.NAVEENKUMAR, K., and B. MOULI CHANDRA. "Performance Evaluation of HVDC Transmission system with the
Combination of VSC and H-Bridge cells." Performance Evaluation 3.02 (2016).

18.Vijayalakshmi, R., G. Naga Mahesh, and B. Mouli Chandra. "Seven Level Shunt Active Power Filter for Induction Motor Drive
System." International Journal of Research 2.12 (2015): 578-583.

19.BAI, RM DEEPTHI, and B. MOULI CHANDRA. "Speed Sensorless Control Scheme of Induction Motor against Rotor Resistance
Variation." (2013).

20.Chandra, B. Mouli, and S. Tara Kalyani. "Online Rotor Time Constant Tuning in Indirect Vector Control of Induction Motor
Drive." International Journal on Engineering Applications (IREA) 1.1 (2013): 10-15.

21.Rajesh, P., Shajin, F. H., Mouli Chandra, B., & Kommula, B. N. (2021). Diminishing Energy Consumption Cost and Optimal
Energy Management of Photovoltaic Aided Electric Vehicle (PV-EV) By GFO-VITG Approach. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 1-19.

22.Reddy C, Narukullapati BK, Uma Maheswara Rao M, Ravindra S, Venkatesh PM, Kumar A, Ch T, Chandra BM, Berhanu AA.
Nonisolated DC to DC Converters for High-Voltage Gain Applications Using the MPPT Approach. Mathematical Problems in
Engineering. 2022 Aug 22;2022.

791



L. Venkateswarl et.al.,

23.Sravani, B., C. Moulika, and M. Prudhvi. "Touchless door bell for post-covid." South Asian Jowrnal of Engineering and Technology 12.2
(2022): 54-56.

24 Mounika, P., V. Rani, and P. Sushma. "Embedded solar tracking system using arduino." South Asian Journal of Engineering and
Technology 12.2 (2022): 14.

25.Prakash, A., Srikanth, T., Moulichandra, B., & Krishnakumar, R. (2022, February). Search and Rescue Optimization to solve
Economic Emission Dispatch. In 2022 First International Conference on Electrical, Electronics, Information and Communication
Technologies (ICEEICT) (pp. 1-5). IEEE.

26.Kannan, A. S., Srikanth Thummala, and B. Mouli Chandra. "Cost Optimization Of Micro-Grid Of Renewable Energy Resources
Connected With And Without Utility Grid." Materials Today: Proceedings (2021).

27.Chandra, B. M., Sonia, D., Roopa Devi, A., Yamini Saraswathi, C., Mighty Rathan, K., & Bharghavi, K. (2021). Recognition of
vehicle number plate using Matlab. J. Univ. Shanghai Sci. Technol, 23(2), 363-370.

28.Noushin, S. K., and Daka Prasad2 Dr B. Mouli Chandra. "A Hybrid AC/DC Micro grid for Improving the Grid current and
Capacitor Voltage Balancing by Three-Phase AC Current and DC Rail Voltage Balancing Method."

29.Deepika, M., Kavitha, M., Chakravarthy, N. K., Rao, J. S., Reddy, D. M., & Chandra, B. M. (2021, January). A Critical Study on
Campus Energy Monitoring System and Role of IoT. In 2021 International Conference on Sustainable Energy and Future Electric
Transportation (SEFET) (pp. 1-6). IEEE.

30.ANITHA, CH, and B. MOULI CHANDRA. "A SINGLE-PHASE GRID-CONNECTED PHOTOVOLTAIC INVERTER BASED
ON A THREE-SWITCH THREE-PORT FLYBACK WITH SERIES POWER DECOUPLING CIRCUIT."

31.Sai, V. N. V., Kumar, V. B. C,, Kumar, P. A, Pranav, L. S., Venkatesh, R., Srinivasulu, T. S., ... & Chandra, B. M. Performance
Analysis of a DC Grid-Based Wind Power Generation System in a Microgrid.

32.Prakash, A., R. Anand, and B. Mouli Chandra. "Forward Search Approach using Power Search Algorithm (FSA-PSA) to solve
Dynamic Economic Load Dispatch problems." 2019 5th International Conference on Advanced Computing & Communication Systems
(ICACCS). IEEE, 2019.

33.Dr. M. Thangamani, Jafar Ali Ibrahim, Information Technology E-Service Management System, International Scientific Global
Journal in Engineering Science and Applied Research (ISGJESAR). Vol.l. Issue 4, pp. 13-18, 2017.
http://isgjesar.com/Papers/Volumel,Issue4/paper2.pdf

[34] Ibrahim, Mr S. Jafar Ali, K. Singaraj, P. Jebaroopan, and S. A. Sheikfareed. "Android Based Robot for Industrial
Application." International Journal of Engineering Research & Technology 3, no. 3 (2014).

[35]  Ibrahim, S. Jafar Ali, and M. Thangamani. "Momentous Innovations in the Prospective Method of Drug Development."
In Proceedings of the 2018 International Conference on Digital Medicine and Image Processing, pp. 37-41. 2018.

[36]  Ibrahim, S. Jafar Ali, and M. Thangamani. "Prediction of Novel Drugs and Diseases for Hepatocellular Carcinoma Based on Multi-
Source  Simulated Annealing Based Random  Walk." Journal of medical systems 42, no. 10 (2018): 188.
https://doi.org/10.1007/s10916-018-1038-yISSN 1311-8080, https://acadpubl.eu/hub/2018-119-16/1/94.pdf

[37]  Jafar Ali Ibrahim. S, Mohamed Affir. A “Effective Scheduling of Jobs Using Reallocation of Resources Along With Best Fit Strategy
and Priority”, International Journal of Science Engineering and Advanced Technology(IJSEAT) - ISSN No: 2321- 6905, Vol.2, Issue.2,
Feb-2014, http://www.ijseat.com/index.php/ijseat/article/view/62

[38] M. Thangamani, and Jafar Ali Ibrahim. S, "Knowledge Exploration in Image Text Data using Data Hiding Scheme," Lecture Notes
in Engineering and Computer Science: Proceedings of The International MultiConference of Engineers and Computer Scientists
2018, 14-16 March, 2018, Hong Kong, pp352-357http://www.iaeng.org/publication/IMECS2018/IMECS2018 pp352-357.pdf

[39] M. Thangamani, and Jafar Ali Ibrahim. S, "Knowledge Exploration in Image Text Data using Data Hiding Scheme," Lecture Notes
in Engineering and Computer Science: Proceedings of The International MultiConference of Engineers and Computer Scientists
2018, 14-16 March, 2018, Hong Kong, pp352-357http://www.iaeng.org/publication/IMECS2018/IMECS2018 pp352-357.pdf

(40]  S. Jafar Ali Ibrahim and M. Thangamani. 2018. Momentous Innovations in the Prospective Method of Drug Development. In
Proceedings of the 2018 International Conference on Digital Medicine and Image Processing (DMIP '18). Association for Computing
Machinery, New York, NY, USA, 37-41. https://doi.org/10.1145/3299852.3299854

[41] S. Jafar Ali Ibrahim and Thangamani, M “Proliferators and Inhibitors Of Hepatocellular Carcinoma”, International Journal of Pure
and Applied Mathematics (IJPAM) Special Issue of Mathematical Modelling of Engineering ProblemsVol 119 Issue. 15. July 2018

(42] Thangamani, M., and S. Jafar Ali Ibrahim. "Ensemble Based Fuzzy with Particle Swarm Optimization Based Weighted Clustering
(Efpso-Wc) and Gene Ontology for Microarray Gene Expression."In Proceedings of the 2018 International Conference on Digital
Medicine and Image Processing, pp. 48-55. 2018. https://dl.acm.org/doi/abs/10.1145/3299852.3299866

(43] Dr.R.Chinnaiyan, Abishek Kumar (2017) “ Reliability Assessment of Component Based Software Systems using Basis Path Testing” ,
IEEE International Conference on Intelligent Computing and Control Systems, ICICCS 2017, 512 - 517

[44] Dr.R.Chinnaiyan, AbishekKumar(2017) ,”Construction of Estimated Level Based Balanced Binary Search Tree”, 2017 IEEE
International Conference on Electronics,Communication, and Aerospace Technology (ICECA 2017), 344 - 348, 978-1-5090-5686-6.

[45] R.Chinnaiyan, S.Somasundaram (2012) , Reliability Estimation Model for Software Components using CEP”, International Journal
of Mechanical and Industrial Engineering (JMIE) , ISSN No.2231-6477, Volume-2, Issue-2, 2012, pp.89-93.

Copyrights @Muk Publications Vol. 13 No.2 December, 2021
International Journal of Computational Intelligence in Control

792


http://isgjesar.com/Papers/Volume1,Issue4/paper2.pdf
https://doi.org/10.1007/s10916-018-1038-y
https://acadpubl.eu/hub/2018-119-16/1/94.pdf
http://www.ijseat.com/index.php/ijseat/article/view/62
http://www.iaeng.org/publication/IMECS2018/IMECS2018_pp352-357.pdf
http://www.iaeng.org/publication/IMECS2018/IMECS2018_pp352-357.pdf
https://doi.org/10.1145/3299852.3299854
http://ijpam.eu/index.html
http://ijpam.eu/index.html
https://dl.acm.org/doi/abs/10.1145/3299852.3299866

[46] R.Chinnaiyan, S. Somasundaram (2011) ,”An SMS based Failure Maintenance and Reliability Management of Component Based
Software Systems”, European Journal of Scientific Research, Vol. 59 Issue 1, 9/1/2011, pp.123 ( cited in EBSCO, Impact Factor:
0.045)

[47] R.Chinnaiyan, S.Somasundaram(2011), “An Experimental Study on Reliability Estimation of GNU Compiler Components - A
Review”, International Journal of Computer Applications, Vol.25, No.3, July 2011, pp.13-16. (Impact Factor: 0.814)

[48] R.Chinnaiyan, S.Somasundaram(2010) “Evaluating the Reliability of Component Based Software Systems “ ,International Journal of
Quality and Reliability Management , Vol. 27, No. 1., pp. 78-88 (Impact Factor: 0.406)

[49] Dr.R.Chinnaiyan, AbishekKumar(2017), Estimation of Optimal Path in Wireless Sensor Networks based on Adjancy List, 2017 IEEE
International Conference on Telecommunication,Power Analysis and Computing Techniques (ICTPACT2017) ,6,7,8th April
2017,IEEE 978-1-5090-3381-2.

[50] Ibrahim, S. Jafar Ali, and M. Thangamani. "Enhanced singular value decomposition for prediction of drugs and diseases with
hepatocellular carcinoma based on multisource bat algorithm based random walk." Measurement 141 (2019): 176-183.
https://doi.org/10.1016/j.measurement.2019.02.056

[51] Compound feature generation and boosting model for cancer gene classification Ibrahim, S. Jafar Ali Ibrahim., Affir,
AM., Thangamani, M.International Journal of Engineering Trends and Technology, 2020, 68(10), pp. 48-51, Doi
No:doi:10.14445,/22315381/1JETT-V68110P208 https://ijettiournal.org/Volume-68/Issue-10/IJETT-V68110P208.pdf

[52] Innovative drug and disease prediction with dimensionality reduction and intelligence based random walk methods, Ibrahim,
S.J.A., Thangamani, M.International Journal of Advanced Trends in Computer Science and Engineering, 2019, 8(4), pp. 1668-1673,
https://www.warse.org/IJATCSE/static/pdf/file/ijatcse93842019.pdf

[53] R. Ganesan, M. Thangamani, S. Jafar Ali Ibrahim, “Recent Research Trends and Advancements in Computational Linguistics”,
International Journal of Psychosocial Rehabilitation Vol 24, no 8 (2020):1154-1162, DOI: 10.37200/1JPR/V2418/PR280128

(54] C. Narmatha, Dr. M. Thangamani , S. Jafar Ali Ibrahim, “ Research Scenario of Medical Data Mining Using Fuzzy and Graph theory”,
International Journal of Advanced Trends in Computer Science and Engineering, Vol 9, No 1 (2020): 349-355

[55] Dr.R.Chinnaiyan , R.Divya (2018), “ Reliable AIBasedSmartSensorsforManaginglrrigationResources in Agriculture” , Lecture Notes on
DataEngineeringand CommunicationsTechnologies,SpringerInternationalconferenceonComputerNetworksandInventiveCommunicati
onTechnologiesICCNCT-2018),August2018

[56] Dr.R.Chinnaiyan,S.Balachandar(2018),“Reliable Digital Twin for Connected Footballer”
,LectureNotesonDataEngineeringandCommunicationsTechnologies,SpringerInternationalconferenceonComputerNetworksandInventi
veCommunicationTechnologies(ICCNCT- 2018),August 2018

[57] Dr.R.Chinnaiyan,S.Balachandar(2018),“Centralized Reliability and Security Management
ofDatainInternetofThings(loT)withRuleBuilder”LectureNotesonDataEngineeringandCommunicationsTechnologies,SpringerInternatio
nalconferenceonComputerNetworksandInventiveCommunicationTechnologies(ICCNCT- 2018),August 2018(Online)

(58] Dr.R.Chinnaiyan,AbishekKumar(2017)“ReliabilityAssessmentofComponentBasedSoftware Systems using Basis Path Testing”
IEEEInternational Conference on Intelligent Computingand ControlSystems, ICICCS2017, 512- 517

[59] Dr.R.Chinnaiyan, AbishekKumar(2017,”Construction of Estimated Level Based
BalancedBinarySearchTree”,201 7IEEEInternational ConferenceonElectronics, Communication,and Aerospace Technology(ICECA2017)
,344 -348,978-1-5090-5686-6.

[60] Dr.R.Chinnaiyan, AbishekKumar(2017), Estimationof Optimal Path in Wireless Sensor Networks
basedonAdjancyList,201 7IEEEInternationalConference on Telecommunication,Power Analysisand Computing Techniques
(ICTPACT2017) ,6,7,8thApril2017,JEEE978-1-5090-3381-2.

[61] Dr.R.Chinnaiyan,R.Divya(2017),”ReliabilityEvaluationofWirelessSensorNetworks”, JEEEInternational =~ Conference on Intelligent
Computingand ControlSystems, ICICCS2017, 847- 852

[62] Dr.R.Chinnaiyan,Sabarmathi.G(2017),”InvestigationsonBigDataFeatures,ResearchChallengesandApplications”,JEEEInternational
Conference on Intelligent Computing and ControlSystems,ICICCS 2017, 782-786

[63] G.Sabarmathi,Dr.R.Chinnaiyan(2018),“EnvisagationandAnalysisofMosquitoBorneFevers AHealthMonitoringSystembyEnvisagative
Computing using Big Data Analytics”inlCCBI12018-
Springeron19.12.2018t020.12.2018(RecommendedforScopusIndexedPublicationlEEEXploredigital library)

[64] G.Sabarmathi,Dr.R.Chinnaiyan,ReliableDataMiningTasksandTechniquesforIndustrialApplications,JAETSDJOURNALFORADVANC
EDRESEARCHINAPPLIEDSCIENCES, VOLUME 4, ISSUE 7, DEC/2017,PP-138-142,ISSN NO:2394-8442

793


https://doi.org/10.1016/j.measurement.2019.02.056
https://www.scopus.com/authid/detail.uri?authorId=57198098842
https://www.scopus.com/authid/detail.uri?authorId=57219950707
https://www.scopus.com/authid/detail.uri?authorId=57219950707
https://www.scopus.com/authid/detail.uri?authorId=36613687500
https://www.scopus.com/authid/detail.uri?authorId=36613687500
https://ijettjournal.org/Volume-68/Issue-10/IJETT-V68I10P208.pdf
https://www.scopus.com/authid/detail.uri?authorId=57198098842
https://www.scopus.com/authid/detail.uri?authorId=57198098842
https://www.scopus.com/authid/detail.uri?authorId=36613687500
https://www.warse.org/IJATCSE/static/pdf/file/ijatcse93842019.pdf
https://doi.org/10.37200/IJPR/V24I8/PR280128

