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Abstract: This paper presents a maximum power point 

tracking (MPPT) design for a photovoltaic (PV) system 

using a  grey wolf optimization (GWO) technique. The 

GWO is a new optimization method which overcomes the 

limitations such as lower tracking efficiency, steady state 

oscillations, and transients as encountered in perturb 

and observe (P&O) and PSO  techniques. The problem of 

tracking the global peak (GP) of a PV array under partial 

shading conditions (PSCs) is attempted employing the 

GWO-based MPPT technique. The proposed scheme is 

studied for a PV array under PSCs which exhibits 

multiple peaks and its tracking performance is compared 

with that of two MPPT algorithms, namely P&O-MPPT 

and PSO MPPT. Furthermore, an experimental setup is 

developed to verify the efficiency of the proposed GWO 

MPPT system. From the obtained simulation and 

experimental results, observed that the proposed MPPT 

algorithm outperforms both P&O and PSO MPPTs. 

 Keywords: Grey wolf optimization (GWO), maximum 

power point tracking (MPPT), partial shading conditions 

(PSCs), photovoltaic (PV). 

1. INTRODUCTION 

Various maximum power point tracking (MPPT) 

algorithms were discussed in literature [1] about the 

occurrence of mismatched non uniform isolation 

resulting in decrease in photovoltaic (PV) output 

power, the hot-spot generated damages the PV cells. 

Since the dynamics of the PV system under partial 

shading is time varying, MPPT design for PV power 

system should be equipped with features such as 

tracking global maximum power point (GMPP) at 

different conditions, e.g., shading, degradation of PV 

cell, and adaptability to PV characteristics change in PV 

array, smooth, and steady tracking behaviour .There is  

number of MPPT techniques such as hill climbing (HC) 

[2], perturb and observe (P&O) [2][4], and incremental 

conductance (IC) [5] have been proposed for improving 

the efficiency of the PV system. The HC method uses a 

perturbation in the duty ratio of the power converter 

and the P&O method uses a perturbation in the 

operating voltage of the PV system [2]–[4]. Both these 

methods yield oscillations at maximum power point 

(MPP) owing to the fact that the perturbation 

continuously changes in both directions to maintain the 

MPP resulting in power loss. The two influencing 

parameters in P&O algorithm, namely perturbation 

rate and perturbation size, are discussed in [4]. To 

reduce these oscillations and improve the module 

efficiency, the IC method was proposed [5] which 

reduced the oscillations but not completely. Both P&O 

and IC methods fail during those time intervals 

characterized by changing atmospheric conditions[6]. 

A few improved IC algorithms were also proposed to 

improve the MPP tracking capability during fast 

changing irradiance level and load [8], [9]. To achieve a 

fast MPP tracking response, a simple trigonometric rule 

has been presented in[10] to establish relationship 

between the load line and I–V curve. A dynamic MPPT 

controller for PV systems under fast-varying insolation 

and PSCs is proposed in [11], which uses a scanning 

technique to determine the maximum power-delivering 

capacity of the panel at a given operating conditions. 

Metaheuristic optimization methodologies such as 

particles swarm optimization (PSO)[12], and fire fly 

[13-21] have been extensively used for various 

engineering applications. Recently, Mirjalili et al. have 

developed a metaheuristic algorithm known as Grey 

Wolf Optimization (GWO).This algorithm is inspired by 

grey wolves to attack preys for hunting purpose. 

Further, several works are reported in literature on an 

alternative soft computing method known as grey wolf 

optimization which is attracting considerable interests 

from the research community compared to other 

optimization techniques because it is more robust and 

exhibits faster convergence. Furthermore, it requires 

fewer parameters for adjustment and less operators 

compared to other evolutionary approaches, which 
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advantage when the rapid design process is considered. 

After a thorough literature survey, it is observed that 

GWO has not been exploited for designing an MPPT. 

Hence, this work attempts to exploit the GWO for 

designing an MPPT to obtain efficient tracking 

performance under PSCs. 

This paper is organized as follows. Section II describes 

about the characteristics of the PV system under PSCs 

and the system description showing I–V and P–V 

curves of partially shaded modules. Section III 

describes the proposed GWO-based MPPT algorithm to 

track the GP and Sections IV presents the simulation 

and experimental results. Finally, conclusion is 

provided in Section V. 

2. CHARACTERISTICS OF A PV SYSTEM UNDER 

PSCS 

2.1. Basic Characteristics of a PV Cell 

A PV cell can be represented by an equivalent single 

diode model [2].  D a diode connected in parallel to the 

current source; Rs the sum of resistances due to all the 

components that come in path of current which is 

desirable to be as low as possible; Rp to represent the 

leakage across the P–N junction which is desirable to 

be as high as possible; I difference between the 

photocurrent Ipv and the diode current ID, which is 

given by, 

I=Ipv-I0[exp(qV+qRsI/NsKsTa-1)]-V+RsI/Rp              (1) 

where I0 is the saturation current, a is diode ideality 

factor, ks is Boltzmann’s constant, q is charge of an 

electron, T is temperature in kelvin, and Ns is the 

number of cells in series. 

2.2. System Description 

A PV array consists of several PV modules connected in 

series to produce a higher voltage and in parallel to 

increase the current. During PSCs, multiple peaks, i.e., 

local and global maxima points are observed in the P–V 

characteristics curve due to the presence of bypass 

diodes. The presence of bypass diode connected in 

parallel to each PV module during PSCs reduces the 

probability of hotspot during which the shaded module 

behaves as a load instead of generating power. The two 

different PV arrays are considered in this work and are 

shown in Figs. 1 and 2A configuration consisting of four 

modules in series (4Sconfiguration) having two 

different shading patterns with their P–V curves is 

shown in Fig. 1. 

 

 

Fig 1: 4S configuration under different shading patterns.(a) 

Pattern 1(b) Pattern 2.(c) P–V curves under PSCs. 

3. GWO AND ITS APPLICATION IN MPPT 

DESIGN 

The GWO algorithm imitates the leadership hierarchy 

and hunting mechanism of grey wolves in nature 

proposed by Mirjalili et al. [14]. Grey wolves are 

considered to be at the top of food chain and they 

prefer to live in a pack. Four types of grey wolves such 

as alpha(α), beta (β), delta (δ), and omega (ω) are 

employed for simulating the leadership hierarchy. In 

order to mathematically model the social hierarchy of 

wolves while designing, GWO we consider the fittest 

solutions as the alpha. Consequently, the second and 

third best solutions are named as the beta and delta 

respectively. The rest of the candidate solutions are 

assumed to omega. fig 3 shows three main steps GWO 

algorithm, namely hunting, chasing and tracking prey, 

and attacking prey which are implemented to design 

GWO optimization. Grey wolves encircling behavior can 

be modelled by the following equations. 

D=|C. Xp (t)-Xp (T)                                                           (2) 

X(t+1)=Xp(t)-A.D                                                              (3) 

t-current iteration, D, A and C- coefficient vectors, Xp-

position vector of prey, X-position vector of grey wolf 

A=2a.r1-a                                                                            (4) 

C=2.r2                                                                                   (5) 
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a-linearly decreases from 2 to 0, r1, r2-random vectors 

3.1 .Application of GWO for MPPT Tracking 

Fig.4 shows the block diagram of the proposed MPPT 

scheme for the PV system. For number of grey wolves, 

i.e., duty ratios, the controller measures Vpv and Ipv 

through sensors and computes the output power. 

The flowchart of the proposed GWO-based MPPT 

algorithm shown in fig 5. During partial shading, the PV 

curve is categorized by multiple peaks having various 

local peaks (LPs) and one GP. It is to note that when the 

wolves find the MPP, their correlated coefficient  

vectors become nearly equal to zero. In the proposed 

method, an attempt has been made to combine GWO 

with direct duty-cycle control ,i.e ,at the MPP duty cycle 

is sustained at a constant value which is turn reduces 

 

Fig 2: Block diagram of proposed system 

the steady-state oscillations that exist in conventional 

MPPT techniques and lastly, the power loss due to 

oscillations is reduced resulting in higher system 

efficiency. To implement the GWO- based MPPT, duty 

cycle D is defined grey wolf. Therefore (3) can be 

modified as follows 

Di(k+1)=Di(k)-A.D.                                                                (6) 

Thus the fitness function of the GWO algorithm is 

formulated 

P(di
k)>P(di

k-1)                                                                          (7) 

Where p represents power, d is duty cycle ,I    is the 

number current grey wolves, and k is the number of 

iterations. 

4. RESULTS AND DISCUSSION 

4.1. Simulation Results 

To evaluate the performance of the proposed GWO 

based metaheuristic. MPPT algorithm, its performance 

were compared with P&O and PSO MPPT algorithms. 

All the above three algorithms were implemented 

under PSCs and rapidly changing insolation level for 

both 4S and 2S2P configurations. 

The power, voltage, and current for the 4S 

configurations with PSCs employing GWO,PSO and the 

second pattern appears for next 0.1s.In pattern 1 is 

made to exist for first 0.1 s and the second pattern 

appears for next 0.1s.In pattern 1,GWO-based MPPT 

converges to the GP of 319.4W, 

 

Fig 3: PV curve of solar array for different irradiation and 

constant temperature of 25`C 

 

Fig 4: Flow chart 

PSO to LP of 100.2W as it is unable to differentiate 

between local and GPs resulting in steady-state 

oscillations, i.e, the operating point oscillates around 

the MPP gives rise to power loss and also results in 

slowing down the speed of response of the algorithm 
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and reduces the efficiency of the PV system. The 

simulation is now repeated for 2S2P configuration is 

having two major different patterns, namely patterns 3 

and 4.The GWO based MPPT GP reaches  239.1W,PSO 

tracks GP mostly as it tracks the peak which comes in 

contact first, i.e., it may be a GP or LP resulting in 

oscillations around MPP. All the above findings are 

implemented for existence of pattern 3 which appears 

for 0.1s.for pattern 4,the GWO-based  on the  MPPT 

locates the GP of 251.6W,PSO locates GP at 251.5w,and 

P&O gets settled to the GP of 247W as before in pattern 

3 resulting in oscillations around the MPP. The tracking 

curves are shown in fig.7. The simulation results 

presented in figs.6 and 7 envisage that the GWO-based 

MPPT can handle partial shading efficiently and it 

outperforms both P&O and PSO with respect to faster 

convergence to GP, tracking speed, reduced steady 

state oscillations, and higher tracking efficiency. The 

simulation results presented in figs 6 and 7 are briefly 

summarized in Tables I and III. The MPPT tracking 

efficiency is calculated as the ratio between average 

output power obtained at steady state and maximum 

available power of the PV array under certain shading 

pattern [13].Furthermore a qualitative comparison 

among various fast converging MPPT methods is 

presented in Table II. From Tables III and I, it is seen 

that the GWO based MPPT outperforms over the other 

two MPPT methods. To ensure the effectiveness of the 

proposed MPPT algorithm, different loads such as an 

RL load (50Ω, 15mH) are connected in place of resistive 

load and are studied for pattern 1.Fig.8 compares the 

response of two different types of loads (R and R-L 

load) from which it is seen in both the cases, the 

proposed MPPT is efficient enough converge GP 

successfully. Usually, for R load fast response is 

observed compared to any other loads. 

4.2. Experimental Results 

To validate the effectiveness of the proposed GWO 

based MPPT, experiments were carried out on real PV 

array for both 4S and 2S2P configurations .Four 40W 

solar modules of Sukam make are used in this 

experiment having rating of each modules as 

Vmp=17.15V,Imp=2A,Voc=21.2V. Processor running at 

250 MHz and a slave DSP subsystem based on 

TMS32oF240 DSP and Hall effect sensor is used to 

sense the voltage and current of the PV array before 

sending it to the controller. New MPP from the new PV 

curve. The tracking curves of GWO and PSO based 

MPPT reach GP of 143.5W, whereas P&O gets trapped 

to LP of 65.32W. 

In order to validate the effectiveness of the proposed 

MPPT for a different random pattern, experiments 

were carried out for 2S2P configurations having two 

types of shading as shown in Fig.5 as pattern 7 having 

GP of 77.98W and LP of 47W and pattern 8 are having 

the GP of 58.25W, respectively. The experimentally 

determined MPPT curves employing with the proposed 

and existing methods. The tracking curves of the 

proposed GWO and PSO MPPT are able to converge to 

GP of 77.98W and P&O by chance settles to the GP 

resulting in oscillations. After sometimes hen the 

shading pattern changes to a new PV curve marked as 

pattern 8,once again the three algorithms search the PV 

curve for a new MPP. The curves of the proposed MPPT 

and PSO based MPPT converge of the GP of 58.25W and 

P&O gets trapped at a local optimum value of 46.64W. 

Table: Performance comparision of proposed MPPT method 

 

To verify that the effectiveness of the proposed MPPT 

algorithm is working accurately under RL load, 

experiments were carried out for pattern 5.It shows 

that the settling time increases, but the performance of 

the proposed MPPT remains the same for convergence 

toward  the proposed method can used successfully 

detect the shading pattern in variations and re initialize 

the MPPT process exhibiting superior of the 

performance in terms of faster convergence to that of 

GP, reduced steady-state oscillations, and faster 

tracking in PV system under PSCs. 

 

Fig 5: GWO-based MPPT 
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5. CONCLUSION 

This paper proposed a new computing approach is 

called grey wolf optimization to design a maximum 

power extraction algorithm for PV systems. In these 

view of assessing the effectiveness of this new MPPT 

(grey wolf-based MPPT), its performance was 

compared with two existing MPPTs,  namely P&O and 

PSO-based MPPT methods and from the obtained 

results, it was found that the GWO based MPPT exhibits 

superior performance compared to other two MPPTs. 

REFERENCES 

[1] A. Chel, G.N. Tiwari, A. Chandra, Simplified method 

of sizing and life cycle cost assessment of 

buildings integrated photovoltaic system, Energy 

and Buildings 41 (2009) 1172-1180. 

[2] F. Blaabjerg, Z. Chen, S. Kjaer, Power electronics as 

efficient interface in dispersed power generation 

systems, IEEE Transactions on Power Electronics 

19 (2004) 1184-1194. 

[3] M.ValanRajkumar, P.S.Manoharan, Modeling and 

Simulation of Three-phase DCMLI using SVPWM 

for Photovoltaic System, Springer Lecture Notes in 

Electrical Engineering, under the volume titled 

“Power Electronics & Renewable Energy Systems", 

Volume 326, Chapter No 5, January 2015, Pages 

39-45. 

[4] M.ValanRajkumar, P.S.Manoharan, Harmonic 

Reduction of Fuzzy PI Controller based Three-

Phase Seven-level DCMLI with SVPWM for Grid 

Connected Photovoltaic System, Journal 

International Review on Modeling and 

Simulations, Volume 6, No 3, June 2013, Pages 

684-692. 

[5] S. Subiyanto, A. Mohamed, M.A. Hannan, 

Intelligent maximum power point tracking for PV 

system using Hopfield neutral network optimized 

fuzzy logic controller, Energy and Buildings 51 

(2012) 29-38. 

[6] M.ValanRajkumar, P.S.Manoharan, FPGA Based 

Multilevel Cascaded Inverters with SVPWM 

Algorithm for Photovoltaic system, Elsevier 

Journal Solar Energy, Volume 87, Issue 1, January 

2013, Pages 229-245. 

[7] LianLian Jiang, Douglas L. Maskell, Jagdish C. Patra, 

A novel ant colony optimization-based maximum 

power point tracking for photovoltaic systems 

under partially shaded conditions, Energy and 

Buildings 58 (2013) 227-236. 

[8] Jose Rodriguez, Jih-Sheng Lai, Fang ZhengPeng, 

Multilevel inverters: a survey of topologies, 

controls, and applications, IEEE Transactions on 

Industrial Electronics 49 (2002) 724-738. 

[9] Colak, Ilhami, Kabalci, Ersan, Bayindir, Ramazan, 

Review of multilevel voltage source inverter 

topologies and control schemes, Energy 

Conversion and Management 52 (2011) 1114-

1128. 

[10] P. Thirumurugan, P. S. Manoharan, M. Valan 

Rajkumar, VLSI Based Space Vector Pulse Width 

Modulation Switching Control in the proceedings 

of IEEE International Conference on Advanced 

Communication Control and Computing 

Technologies ICACCCT 2012 on August 2012, 

ISBN No. 978-1-4673-2045-0 (Print) (Page):366-

370. 

[11] M. Valan Rajkumar, P. S. Manoharan, Space Vector 

Pulse Width Modulation of Three-Phase DCMLI 

with Neuro-Fuzzy MPPT for Photovoltaic System, 

World Journal of Modelling and Simulation, 

Volume 10, No 3, August 2014, Pages 193-205. 

[12] Ghazanfari, A., Mokhtari, H. and Firouzi, M. (2012) 

Simple Voltage Balancing Approach for CHB 

Multilevel Inverter Considering Low Harmonic 

Content Based on a Hybrid Optimal Modulation 

Strategy. IEEE Transactions on Power 

Delivery,27,2150-2158. 

http://dx.doi.org/10.1109/TPWRD.2012.220527

7 

[13] M.Valan Rajkumar, Prakasam, P. and Manoharan, 

P.S. (2016) Investigational Validation of PV Based 

DCDMLI Using Simplified SVM Algorithm Utilizing 

FPGA Tied with Independent Sources. Circuits and 

Systems, Volume 7, No 11, 3831-3848. 

http://dx.doi.org/10.4236/cs.2016.711320 

[14] Kavousi, A., Vahidi, B., Salehi, R., Bakhshizadeh, 

M.K., Farokhnia, N. and Fathi, S.H. (2012) 

Application of the Bee Algorithm for Selective 

Harmonic Elimination Strategy in Multilevel 

Inverters. IEEE Transactions on Power-

Electronics,27,1689-1696. 

http://dx.doi.org/10.1109/TPEL.2011.2166124 

[15] M. Valan Rajkumar, P.S. Manoharan, “Modeling, 

Simulation and Harmonic Reduction of Three-

Phase Multilevel Cascaded Inverters with SVPWM 

for Photovoltaic System”, Journal International 

Review on Modeling and Simulations, Volume 6, 

http://dx.doi.org/10.1109/TPWRD.2012.2205277
http://dx.doi.org/10.1109/TPWRD.2012.2205277
http://dx.doi.org/10.4236/cs.2016.711320
http://dx.doi.org/10.1109/TPEL.2011.2166124


International Journal of Innovative Studies in Sciences and Engineering Technology 

(IJISSET) 

ISSN 2455-4863 (Online)                                               www.ijisset.org                                     Volume: 3 Issue: 4 | April 2017

 

© 2017, IJISSET                                                                                                                                                                               Page 22 

No. 2, April 2013, Pages 342-350. ISSN: 1974-

9821 (Print), 1974-982X (Online) (Impact Factor: 

1.199) 

[16] M. Valan Rajkumar, P.S. Manoharan, “Modeling 

and Simulation of Five-level Five-phase Voltage 

Source Inverter for Photovoltaic Systems”, Journal 

Przeglad Elektrotechniczny, Volume 10, No. 10, 

October 2013, Pages 237-241. ISSN: 0033-2097 

(Print) (Impact Factor: 0.244) 

[17] A.Ravi, P.S. Manoharan, M. Valan Rajkumar, 

“Harmonic Reduction of Three-Phase Multilevel 

Inverter for Grid connected Photovoltaic System 

using Closed Loop Switching Control”, Journal-

IREMOS, Volume 5, No 5, October 2012, Pages 

1934-1942. ISSN: 1974-9821 (Print), 1974-982X 

(Online) (Impact Factor: 1.199) 

[18] P.Thirumurugan, P.S. Manoharan, M. Valan 

Rajkumar, “VLSI Based Inverter Switching Control” 

in the proceedings of International Conference on 

Mathematical Modeling and Applied Soft 

Computing MMASC’12 – Coimbatore Institute of 

Technology on July 2012, Vol-2 (Page):965-973. 

[19] IEEE Std 929-2000 (2002) Recommended 

Practices for Utility Interface of Photovoltaic 

System. The Institute of Electrical and Electronics 

Engineers. 

[20] C. Hemalatha, M. Valan Rajkumar, G. Vidhya 

Krishnan, “Simulation and Analysis for MPPT 

Control with Modified firefly algorithm for 

photovoltaic system”, International Journal of 

Innovative Studies in Sciences and Engineering 

Technology, Volume 2, No 11, Nov.2016, Pages 48-

52. 

[21] G. Vidhya Krishnan, M.Valan Rajkumar, C. 

Hemalatha, “Modeling and Simulation of 13-level 

Cascaded Hybrid Multilevel Inverter with less 

number of Switches”, International Journal of 

Innovative Studies in Sciences and Engineering 

Technology, Volume 2, No 11, Nov.2016, Pages 43-

47.

 


