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Abstract

In this paper, an ANFIS-based MPPT controller for a DC-DC converter is developed and its performance is
analyzed. There are two power sources, a DC-to-DC booster converter, and a load in the proposed system. The
proposed algorithm utilizes neural networks and fuzzy logic. The MPPT controllers use Adaptive Neuro-Fuzzy
Inference System (ANFIS) to enhance converter performance. As a result of high oscillations in conventional
algorithms such as Perturb and Observe (P&O), the paper proposes Al-based methods for enhancing efficiency.
ANFIS is more efficient in tracking MPP than ANN-based controllers with fewer settling times, overshoots,
oscillations, and delays. To demonstrate the ANFIS controller's ability to follow reference voltages and
currents, its performance is simulated and compared with the MPPT controller based on artificial intelligence
techniques. The simulation results show that MPPT controllers based on ANFIS provide better performance
than MPPT controllers based on Artificial Intelligence Techniques under various operating conditions.
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1.INTRODUCTION

As a substitute for conventional energy sources, renewable energy sources (RES) are now more frequently used.
In the current scenario of depleting fossil fuel reserves, global warming, greenhouse gases, and increasing
environmental pollution, photovoltaic energy (PV) is becoming increasingly popular as a renewable source of
energy. Generally, the MPPT controller is composed of a DC-DC power converter which is controlled by an
algorithm to drive the panel’s operating point to the MPP. The MPPT techniques can be grouped into two
categories: conventional techniques, such as perturbation and observation (P&O) [1-3], incremental
conductance (IC) [4,5], and open-circuit voltage (OCV) method [6, 7], Artificial neural networks (ANNS) are
Al-based techniques [8], fuzzy logic (FL) [9], particle swarm optimization (PSO) [10], and adaptive neuro-fuzzy
inference system (ANFIS) [11]. The advantage of the Al-based model is the fast Maximum Power Point (MPP)
approximation according to the parameters of the PV panel. The Artificial Neural Network (ANN) is the
component of Al. The advantage of ANN based algorithm is this is that there is no need to solve the complex
mathematical relation between output power, irradiance of solar PV system, temperature of solar PV system.
The proposed ANN based MPPT system can search the MPP quickly and exactly in accordance with the change
in environmental conditions. A multilayer neural network with one or more hidden layers can approximate any
continuous nonlinear function. Neural networks are parallel in design and have a simple structure comprised of
many processing elements. Furthermore, ANNSs generalize the learning experience and even provide predictions
for new knowledge, reducing online learning time and improving learning effectiveness. The main objective is
to achieve fast and stable response for the real power, controlled by an ANN based controller. The solar system
uses ANN based technique to achieve effective maximum power point tracking.

This paper presents a comparison of two popular artificial intelligence techniques ANN and ANFIS based
controllers under non-linear changing solar irradiation conditions. ANFIS has more efficiency than ANN based
controller in tracking MPP with less settling time, better efficiency, accuracy and fast response making the
system more effective.
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A simple block diagram of DC-DC converter for SECS using ANFIS based MPPT Controller is shown in Figure
1. Proposed system consist of PV array, power electronics interfacing devices such as DC-DC Boost converter,
load arrangement and ANFIS based MPPT Controller. In order to improve the performance of maximum power
point tracking of solar PV system, an effective ANFIS based MPPT Controller is developed and compared with
the conventional ANN based MPPT controller.

Fig. 1: Block Diagram of DC-DC Converter for SECS using ANFIS based MPPT Controller
2. PV System Model

PV module is composed of solar cells. Individual solar cells are connected in series and parallel and mounted on
a single panel. Single diode model of PV cell is most widely used model. Output power can be calculated by
current voltage relationship. This current voltage relationship is based on electrical characteristics of the model.
An equivalent circuit of a single diode model is shown in the figure 2.

Fig. 2: Equivalent Circuit of Solar PV Cell

The voltage-current relationship can be written as:
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The value of open circuit voltage at reference condition is given by manufacturer.
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Value of ... can be calculated by:
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The value of a can be calculated by following equation:
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The value of series resistance is provided by some manufacturers. To estimate the value of R, following

equation can be used:
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After the study of the PV module, it can be said that the temperature plays an important role in the performance
of PV module. It is necessary to design a thermal module for the PV system as temperature is major aspect to be
considered. Temperature of PV module varies when there is a change in irradiance, its output current and
voltage, and the equation can be expressed as:
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3. Flowchart for ANFIS based MPPT Controller

In order to improve the efficiency of MPPT controllers, Al techniques are widely used due to the nonlinear
output characteristics of PV systems. The PV array parameters as well as the ambient parameters are used to
determine the maximum operating voltage. To design MPPT controller using ANFIS, first task is to gather the
input—output dataset for training purpose. The training data is generated using the efficient PV model. A step-
by-step process of data generation is illustrated in the flowchart shown in Fig. 3.
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Fig. 3: Flowchart of Dataset for ANFIS

4. MATLAB/Simulink Model of 2 kw DC-DC Converter for Solar Energy Conversion System with

ANFIS based MPPT Controller

In this study DC-DC boost converter for Solar Energy Conversion System with ANFIS MPPT Controller.
Simulations using MATLAB R2020a software have been carried out to evaluate the performance of the system

with implemented control scheme.

controllers based on ANFIS is discussed in this section.
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The overall simulation model for DC-DC boost converters with MPPT

Fig. 4: Simulink Model of DC-DC boost converter for Solar Energy Conversion System with ANFIS MPPT

4.1 ANFIS Training Results

Controller

Figure 5 (a) displays ANFIS model structure. There are two inputs are taken and one output is derived. The two
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inputs are PV voltage and PV current and one out is the duty ration for the boost converter.
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Fig. 5 (b): Membership Function for ANFIS based MPPT Controller

i 3 l [ ) I | e ATA 'I
i { ] (£
= = _—
' ___;-_*__J L——f—" |_ | | |
N (= ) | |
ot | : | | i
| m— =T I —
... n_'ln_‘—um]ll ™ 1 |!m\—r_mj-~n } = ‘ {
]-n o ) l*--'- ][“* CIEIEE|
|me.'*‘ I

Fig. 5 (c): Rules for ANFIS based MPPT Controller
5. Simulation Result

This section shows the comparative study of proposed MPPT controller. It shows comparison performance of
between Levenberg based ANN MPPT Controller and ANFIS based MPPT Controller. For each controller
simulation is carried out for 4 seconds and with the same input irradiance and temperature. Details study is
shown in following subsections.

5.1 PV Array Results Comparison

Figure 6 shows the simulation results of PV array with Levenberg based Artificial Neural Network MPPT
Controller and ANFIS based MPPT Controller. Waveform of PV output voltage, PV output current and PV
output power with Irradiance shown in this Figure 6.1. Temperature is kept constant at 25° C and Irradiance step
change from 600-1000 W/m?.
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Figure 5.1 (a) shows the PV voltage comparison of Levenberg based Artificial Neural Network MPPT
Controller and ANFIS based MPPT Controller. It is clearly seen that PV voltage performance by ANFIS based
MPPT Controller is superior than Levenberg ANN MPPT Controller. During the time interval 1s to 1.5s from
Levenberg based Artificial Neural Network MPPT Controller PV output voltage is 172, whereas ANFIS based
MPPT Controller gives 175V.

PV output current performance is shown in Figure 5.1 (b). Simulation result shows that during the time interval
1 s to 1.5s, PV output current from Levenberg based Artificial Neural Network MPPT Controller PV output
current is 8.7A, whereas ANFIS based MPPT Controller gives 9A.

Figure 5.1 (c) shows the PV power output comparison. During the time interval 1s to 1.5s ideal power output
should be 15.70kW whereas from Levenberg based ANN MPPT Controller PV output power is 15.40kW and
ANFIS based MPPT Controller gives 15.60kW during this irradiance change from 600-1000 W/m?. ANFIS
based MPPT Controller gives nearly ideal performance as seen from the figure 5.1 (c).

(@)

(b)

(©
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Fig. 6: Simulation Comparison Results of Incremental Conductance and Levenberg based ANN MPPT
Controller at Irradiance Step Change from 600-1000 W/m?with Resistive Load: (a) PV Output Voltage, (b) PV
Output Current and (c) PV Output Power with Irradiance

5.2 Boost Converter Results Comparison

Figure 5.2 shows the simulation results comparison. Figure 5.2 shows the output current of boost converter
which is kept constant at 500V.

(@)

(b)
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Fig. 7: Simulation Comparison Results of Incremental Conductance and Levenberg based ANN MPPT
Controller at Irradiance Step Change from 600-1000 W/m? with Resistive Load: (a) Duty Cycle of Boost
Converter, (b) Dc Link Voltage, (c) Dc Link Current

Figure 7 shows the duty ratio comparison. Duty ratio generated by Levenberg based ANN MPPT Controller is
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pulsating whereas duty ration generated using the proposed ANFIS based MPPT Controller are smooth and
shows better dynamic performance. As the boost converter output reference is set to 500V, the simulated result
from both MPPT controller are shown in Figure 5.2 (b). Output from Levenberg based Artificial Neural
Network MPPT Controller is shown in red, ANFIS based MPPT Controller is shown in blue. ANFIS based
MPPT Controller shows the better performance compared with incremental conductance.

During the time interval 1s to 1.5s Levenberg based ANN MPPT Controller converter output voltage is 372V
and ANFIS based MPPT Controller gives 380V and 3.9A shown in Figure 7 (b & ¢).

Fig. 8 Simulation Result Comparison of efficiency for Levenberg based ANN MPPT Controller and ANFIS
based MPPT Controller.

Fig. 8: Simulation Result Comparison of efficiency for Levenberg based ANN MPPT Controller and ANFIS
based MPPT Controller

Table 1: Simulation Result

Parameters Levenberg ANFIS based
based ANN MPPT Controller
MPPT
Controller
PV Array Parameters
PV Current 8.7A 9A
PV Voltage 172 175V
PV Power 15.40kW 15.60kW
Boost Converter Parameter
Dc Link 372V 380V
Voltage
Dc Link 3.8A 3.9A
Current

7. CONCLUSION

This paper presents a DC-DC converter with maximum power point tracking (MPPT) technique for standalone
solar energy conversion systems based on ANFIS. ANFIS algorithms for MPPT with Levenberg based Artificial
Intelligence Technique based MPPT algorithms for PV system is compared. The model has been tested for
different input and output conditions. Simulation results and real time applications show that for wide range of
input irradiance ANFIS controller shows better performance than the Levenberg based Artificial Intelligence
Technique based MPPT algorithms. Proposed ANFIS based MPPT controller shows 0.2 % improvement in PV
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power output compare to Levenberg based Artificial Intelligence Technique based MPPT algorithms. The
average efficiency of Proposed ANFIS based MPPT controller is 99.9% and average efficiency of Artificial
Intelligence Technique based MPPT algorithms is 99.7%. From the simulation results of the system, it is clear
that ANFIS based MPPT controller for MPPT shows effective results as compared to Levenberg based Artificial
Intelligence Technique based MPPT controllers.

REFERENCES

[1] Sharma, D., and Purohit, G., 2012, “Advanced Perturbation and Observation (P&QO) Based Maximum
Power Point Tracking (MPPT) of a Solar Photo-Voltaic System” 2012 IEEE India International Conference
on Power Electronics (IICPE), Delhi, India, Dec. 6-8.

[2] Sweidan, T. O., and Widyan, M. S., 2017, “Perturbation and Observation as MPPT Algorithm Applied on
the Transient Analysis of PV-Powered DC Series Motor,” 8th International Renewable Energy Congress
(IREC), Amman, Jordan, Mar. 21-23, pp. 1-6.

[3] Kamran, M., Mudassar, M., Fazal, M. R., Asghar, M. U., Bilal, M., and Asghar, R., 2018, “Implementation
of Improved Perturb & Observe MPPT Technique with Confined Search Space for Standalone Photovoltaic
System,” J. King Saud Univ.—Eng. Sci., 32(1), pp. 432-441.

[4] Putri, R. 1., Wibowo, S., and Rifa’i, M., 2015, “Maximum Power Point Tracking for Photovoltaic Using
Incremental Conductance Method,” Energy Procedia, 68, pp. 22-30.

[5] Safari, A., and Mekhilef, S., 2011, “Incremental Conductance MPPT Method for PV Systems,” 24th
Canadian Conference on Electrical and Computer Engineering(CCECE), Niagara Falls, ON, Canada, May
8-11, pp. 000345-000347.

[6] Das, P., 2016, “Maximum Power Tracking Based Open Circuit Voltage Method for PV System,” Energy
Procedia, 90, pp. 2-13.

[7] Ch, S. B., Kumari, J., and Kullayappa, T., 2011, “Design and Analysis of Open Circuit Voltage Based
Maximum Power Point Tracking for Photovoltaic System,” Int. J. Adv. Sci. Technol., 2, pp. 51-60.

[8] Dzung, P. Q., Le Dinh, K., Hong Hee, L., Le Minh, P., and Nguyen Truong Dan, V., 2010, “The New
MPPT Algorithm Using ANN-Based PV,” International Forum on Strategic Technology, Ulsan, South
Korea, Oct. 13-15, pp. 402—407.

[9] Mahamudul, H., Saad, M., and Ibrahim Henk, M., 2013, “Photovoltaic System Modeling with Fuzzy Logic
Based Maximum Power Point Tracking Algorithm,” Int. J. Photoenergy, 2013, p. 762946.

[10]Liu, Y., Huang, S., Huang, J., and Liang, W., 2012, “A Particle Swarm Optimization-Based Maximum
Power Point Tracking Algorithm for PV Systems Operating Under Partially Shaded Conditions,” IEEE
Trans. Energy Convers., 27(4), pp. 1027-1035.

[11] Aldair, A. A., Obed, A. A., and Halihal, A. F., 2018, “Design and Implementation of ANFIS-Reference
Model Controller Based MPPT Using FPGA for Photovoltaic System,” Renew. Sustain. Energy Rev., 82,
pp. 2202-2217.

[12]Nema, P; Nema, R.K and Rangnekar, S. “A Current and Future state of art development of Hybrid Energy
system using Wind and PV Solar,” Elsevier Renewable and Sustainable Reviews,Vol. 13, October 2009,
pp.2096-2103.

[13] Sassi, A., Zaidi, N., Nasri, O and Slama, J.B.H. 2017. Energy management of PV/wind/battery hybrid
energy system based on batteries utilization optimization, IEEE International Conference on Green Energy
Conversion Systems held at Tunisia during Mar. 23-25, 2017, pp. 1-7.

[14]Rehman, S; Alam, MD.M; Meyer, J.P and Al-Hadhrami, L.M. " Feasibility study of a wind-pv-diesel
hybrid power system for a village," Elsevier Renewable Energy, vol. 38, Febuary 2012, pp.258- 268.

[15] Khan, B.H “Non-Conventional Energy Resources,” Tata McGraw-Hill Pub.Co., 2009.

[16] Dali, M., Belhadj, J., Roboam, X.: ‘Hybrid solar-wind system with battery storage operating in grid—
connected and standalone mode: Control and energy management-experimental investigation’, Energy,
2010, 35, pp. 2587-2595.

[17TNguyen, X. H. and Nguyen, M. P. 2015. Mathematical modeling of photovoltaic cell/module/arrays with
tags in Matlab/Simulink, Environmental Systems Research.4(1):1-13.

21398 ijariie.com 3196



Vol-9 Issue-4 2023 IJARIIE-ISSN(O)-2395-4396

[18] Kamal, T., Karabacak, M., Hassan, S. Z., Li, H., Arsalan, A., & Rajkumar, R. K. 2017. Integration and
control of an off-grid hybrid wind/PV generation system for rural applications. International Conference on
Innovations in Electrical Engineering and Computational Technologies held at Karachi, during 5-7 April
2017, pp. 1-6.

[19] Priyadarshi, N., Padmanaban, S., Ionel, D. M., Popa, L. M. and Azam, F., “Hybrid PV-Wind, micro-grid
development using quasi-z-source inverter modeling and control-experimental investigation,” Energies, vol.
11, pp.1-15, 2018.

[20]Zeng, J., Ning, J., Du, X., Kim, T., Yang, Z. and Winstead, V., “A four-port DC-DC converter for a
standalone wind and solar energy system,” IEEE Transactions on Industry Applications, vol. 56, pp. 446-
454, 2020.

[21]Khateb, A. H. E., Rahim, N. A., Selvaraj, J. and Williams, B. W., “DC-to-DC converter with low input
current ripple for maximum photovoltaic power extraction,” IEEE Transactions on Industrial Electronics,
vol. 62, pp. 2246-2256, 2015.

[22] Ahmadi, M. and Shenai, K., “New, efficient, low-stress buck/boost bidirectional DC-DC converter,” In:
Proceedings of IEEE Energy tech conference held at Cleveland during May 29-31, 2012, pp. 1-6.

[23] Wandhare, R.G. and Agarwal, V., “Novel integration of PV-Wind energy system with enhanced
efficiency,” IEEE Transactions on Power Electronics, vol. 30, pp. 3638-3649, 2015.

[24] Sharma, A. and Jamuna, K., “Coordination of energy storage devices in hybrid power systems,” In:
Proceedings of Springer International conference on Emerging Trends in Electrical, Communications and
Information Technologiesheld at India during November 15-16, 2016, pp. 327-336.

[25] Manandhar, U., Tummuru, N. R. and Kollimalla, S. K., “Validation of faster joint control strategy for
battery- and super capacitor-based energy storage system,” IEEE Transactions on Industrial Electronics,
vol. 65, pp. 3286-3295, 2018.

[26] Lei, M., Yang, Z., Wang, Y., and Honghua, X., “Design of energy storage control strategy to improve the
PV system power quality,” In: Proceedings of IEEE 42™ Annual Conference of the Industrial
Electronics Society (IECON) held at Italy during October 23-26, 2016, pp. 2022-2027.

[27] Faria, J., Pombo, J., Calado, M. and Mariano, S., “Power management control strategy based on artificial
neural networks for standalone PV applications with a hybrid energy storage system,” Energies, vol. 12,
no.2, pp. 1-24, 2019.

21398 ijariie.com 3197


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=28
https://ieeexplore.ieee.org/xpl/conhome/6294016/proceeding
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
https://link.springer.com/book/10.1007/978-981-10-1540-3
https://link.springer.com/book/10.1007/978-981-10-1540-3
https://ieeexplore.ieee.org/xpl/conhome/7782522/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7782522/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7782522/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7782522/proceeding

