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Abstract
The partial shading (PS) of the photovoltaic (PV) array is a major problem for the PV systems. Therefore, it is necessary to 
extract the global maximum power point (GMPP) under partial shading. In this paper, we propose a simple method to 
find the GMPP. This method scans the P–V curve and memorizes all the peaks in order to get the global peak. Next, we 
control a boost DC–DC converter to extract the GMPP from the PV system. In addition, this Method allows following the 
dynamic GP under variant SPs with less oscillations around the stable state compared to the existing works.
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1  Introduction

The extraction of the maximum energy from PV array 
remains a big challenge for researchers who work in the 
photovoltaic field. For that reason, conventional algo-
rithms (CAs) have been proposed to track the maximum 
power point (MPP) under uniform conditions of irradia-
tion and temperature such as perturb and observe (P&O), 
hill climbing (HC), fractional open circuit voltage (FOCV), 
incremental conductance (IC) [1–3], etc. However, these 
methods are unable to find the global MPP under partial 
shading conditions (PSC) due to multi-peaks exhibited in 
the P–V curve [4], as shown in Fig. 1. This leads to the loss 
of a significant percentage of power that can be up to 70%, 
as reported in [5].

In order to solve this problem, various global maximum 
power point tracking (GMPPT) algorithms have been pro-
posed in the literature to reach the global peak (GP) under 
PSC, such as Partial Swarm Optimization (PSO), Cuckoo 
Search (CS), Ant Colony Optimization (ACO), Artificial 
Bee Colony Optimization (ABC), Artificial Neural Network 

(ANN) [6], etc. The PSO, CS, ACO, and ABC are metaheuristic 
search methods based on multi-objective optimization. 
Sarvi et al. [7] proposed the PSO-based MPPT for PV sys-
tems under PSC to find the GP. Nevertheless, this solution 
presented oscillations around the Steady State. Hence, 
some researchers have attempted to improve on the PSO 
in order to reduce oscillations [8]. However, this improved 
method cannot follow the dynamic GP under various 
shading patterns (SP). Furthermore, Jiang and Maskell [9] 
proposed an ACO algorithm and showed that this method 
has faster convergence speed compared to the Basic PSO. 
In fact, these metaheuristic search methods present a 
major disadvantage in terms of convergence linked to the 
initial placement of the agents into research space. In addi-
tion, their hardware implementation is complex. Moreover, 
Farh et al. [10] proposed a hybrid method PSO combined 
with FLC, first to find the dynamic GP and second to reduce 
oscillations of steady-state. In addition, an artificial intel-
ligence method ANN has been suggested by Rizzo and 
Scelba [11] to find the GP under PSC. However, for the 
implementation, the ANN method is too difficult, and the 
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hybrid methods add more complexity. They require large 
memory and powerful microcontrollers [12]. Therefore, all 
these factors result in an automatic increase in the cost 
of the PV system. Besides, other scanning based methods 
have been proposed in order to find the GP under PSC. 
For instance, Başoğlu [13] proposed an improved MPPT 
approach based on the scan of the duty ratio interval 
for distributed MPPT (DMPPT) applications, where each 
DC–DC converter is controlled by its self MPPT. However, 
this solution can increase the cost of the PV system due 
to the high number of used sensors. In another work [14], 
the GMPPT technique is categorized as a hybrid method 
based on the improved variable step-size P&O to track the 
local optimum and a global scanning algorithm to obtain 
the global optimum. In this paper, a simple method to find 
the GP under various SP of the PV system is presented. This 
method scans the P–V curve by varying the duty cycle. 
Next, recording all peaks and their corresponding duty 
cycle. Finally, the DC/DC converter is controlled by the 
duty cycle that gives the GP.

2 � Methodology

2.1 � PV system

The employed PV array composed of six PV panels con-
nected in series. Moreover, In order to protect the PV array 
from the Hot-spot problem, the bypass diodes are con-
nected in parallel with each PV panel as shown in Fig. 2. 
The panel used in our work is TDC-M20-36.

2.2 � Design of DC–DC converter

The DC–DC converters are used in order to provide 
impedance matching between the PV array and load. 
These converters are generally employed as a power-
processing unit with MPPT algorithms by adjusting the 

duty cycle. This duty cycle is calculated by the MPPT 
algorithm and varies between 0 and 1. There are sev-
eral topologies of DC–DC converters such as DC–DC 
converter Boost, Buck, Buck–Boost, and Sepic. To make 
an MPPT analysis, we must know the optimal resistance 
(Rmpp) seen from the PV array, which is defined as the 
ratio of voltage and current at MPP. Next, the choice 
of load resistance value depends on the selection of a 
DC–DC converter. For example, if a Buck converter is 
used, the impedance of load must lower than Rmpp. 
Contrary to using a Boost converter where a bigger load 
impedance than Rmpp must be used. In this paper, a 
Boost type DC–DC converter is used and Fig. 3 presents 
its circuit.

The equations of this converter are shown below:

where α is the duty cycle, V is the converter input voltage, I 
is the input current of the Boost converter, V

o
 is the output 

voltage and I
o
 is the output current of the Boost converter.

The parameters of the elements used in the boost 
converter are given in Table 1.

(1)V
o
=

V

1 − α

(2)I
o
= I(1 − α)

Fig. 1   The P–V characteristics of the PV system under uniform and 
non-uniform irradiance conditions Fig. 2   Diagram of the PV system with MPPT control based of scan-

ning method

Fig. 3   DC–DC Boost converter
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2.3 � Proposed MPPT algorithm

Figure 4 shows the flow chart of the proposed scanning 
method. The principle of this method is divided into three 
steps. The first step is to initialize the vectors V(i), I(i), P(i), 
D(i) and set the value of the duty cycle at 1. In order to 
scan the interval of the voltage for PV system from 0 to 
Voc and save the value of the vectors for each iteration by 
decreasing the duty cycle. The second step helps to find 
the GP by using Eq. (3):

Next, the DC/DC converter is controlled by the duty cycle 
corresponding to the GMPP. Finally, in the third step, 
the change of the SP is detected using the condition 
(|Pold–Pact| < ε) around the Steady State. Thus, if the con-
dition is verified, the algorithm keeps the value of the duty 
cycle. If not, the algorithm repeats another scan.

Figure 5 presents the output power of the PV array 
under SP2 condition, where the irradiation of each PV is 

(3)GMPP = Max(P(i)).

presented in Table 1 and the temperature is 25 °C. Based 
on this Figure, it is observed that our method starts with 
a scan of the P–V curve between 0 and 0.9 s and then to 
track the Global Peak of the PV system.

3 � Simulation results

Figure 6 shows the Simulation schematic of photovoltaic 
system with the proposed method under different SP. So, 
to test the effectiveness of the proposed method, the sys-
tem is simulated with different cases of SP (SP1, SP2, SP3 
and SP4). Each SP is implemented over a period of 2 s as 
shown in Table 2. The simulation results are illustrated in 
Fig. 7. The proposed method is able to follow the dynamic 
GP with a little steady-state oscillation. Table 2 also shows 
the obtained values of the power output (LPs and GP) for 
each SP.

Table 3 presents a comparison between the proposed 
method and some methods that have been presented in 
the literature based on tracking speed, tracking GMPP 
under PSC, steady-state error and complexity. The pro-
posed method is able to track the GMPP under PSC with 
a high tracking speed as compared with that of the PSO 
method. In addition, the presents scanning method can be 
simply implemented because of its low complexity.

4 � Conclusion

In this paper, a simple GMPPT method for PV system based 
on the scanning of the P–V curve was presented. It was 
shown that this method is able to find and follow the 
dynamic GP, regardless of the variation in SP, with fewer 
oscillations around the steady state. Furthermore, the pro-
posed scanning algorithm is based on simple instructions 

Table 1   Parameters of the boost DC/DC converter

Parameters of the boost DC/DC converters
Inductor (L) 180 mH
Input capacitor ( Cin) 300 µF
Output capacitor ( C

out
) 240 µF

Switching frequency 1 kHz

Fig. 4   Flowchart of the proposed scanning algorithm

Fig. 5   The output power of scanning method under PSC
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that do not require extensive calculations. Hence, we 
can implement on low‐cost microcontrollers, unlike the 
metaheuristic search and artificial intelligence methods. 
Therefore, this method can be used in the industrial pho-
tovoltaic system instead of the conventional P&O method 
in order to increase energy production under PSC. Finally, 
this algorithm is able to find the GMPP under partial shad-
ing conditions with simple instructions. But, in some case 
when a fast variation of the insolation presented in the 
scanning range, this method cannot follow the true GMPP 
of the PV system.

Fig. 6   Simulation schematic of photovoltaic system with the proposed method under different SP

Table 2   Shading patterns taken for the simulation test

N/A not applicable

Pattern [G1…G6] LMPP1 (W) LMPP2 GMPP (W)

SP1 [0–2 s] [1, 1, 1, 1, 1, 1] N/A N/A 119
SP2 [2–4 s] [1, 1, 1, 0.8, 0.8, 0.5] 56.81 60.08 W 81.54
SP3 [4–6 s] [1, 1, 1, 1, 1, 1] N/A N/A 119
SP4 [6–8 s] [1, 1, 1, 0.4, 0.4, 0.4] 61.26 N/A 77.29

Fig. 7   The output power of the proposed scanning method under 
different SP



Vol.:(0123456789)

SN Applied Sciences (2020) 2:771 | https://doi.org/10.1007/s42452-020-2580-z	 Short Communication

Acknowledgements  The authors would like to thank Khalid Bourrouk 
(PhD student and teacher at American School Fez) for reviewing and 
improving the English of this paper.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Karami N, Moubayed N, Outbib R (2017) General review and 
classification of different MPPT techniques. Renew Sustain 
Energy Rev 68:1–18

	 2.	 Ridge AN, Amaratunga GAJ (2010) Photovoltaic maximum 
power point tracking for mobile applications. Electron Lett 
46(22):1520–1521

	 3.	 Lopez-Lapena O, Penella MT (2012) Low-power FOCV MPPT con-
troller with automatic adjustment of the sample&hold. Electron 
Lett 48(20):1301–1303

	 4.	 Chaieb H, Sakly A (2017) A novel MPPT method for photovol-
taic application under partial shaded conditions. Sol Energy 
159:291–299

	 5.	 Patron G, Spagnuolo G, Teodorescu R, Veerachary M, Vitelli M 
(2008) Reliability issues in photovoltaic power processing sys-
tems. IEEE Trans Ind Electron 55(7):2569–2580

	 6.	 Seyedmahmoudian M, Horan B, Soon TK, Rahmani R, Oo AMT, 
Mekhilef S, Stojcevski A (2016) State of the art artificial intelli-
gence-based MPPT techniques for mitigating partial shading 
effects on PV systems—a review. Renew Sustain Energy Rev 
64:435–455

	 7.	 Sarvi M, Ahmadi S, Abdi S (2015) A PSO-based maximum power 
point tracking for photovoltaic systems under environmen-
tal and partially shaded conditions. Prog Photovolt Res Appl 
23(2):201–214

	 8.	 Ishaque K, Salam Z, Amjad M, Mekhilef S (2012) An improved 
particle swarm optimization (PSO)-based MPPT for PV with 

reduced steady-state oscillation. IEEE Trans Power Electron 
27(8):3627–3638

	 9.	 Jiang LL, Maskell DL (2014) A uniform implementation scheme 
for evolutionary optimization algorithms and the experimental 
implementation of an ACO based MPPT for PV systems under 
partial shading. In: IEEE symposium on computational intelli-
gence applications in smart grid (CIASG), pp 1–8

	10.	 Farh HM, Eltamaly AM, Othman MF (2018) Hybrid PSO-FLC for 
dynamic global peak extraction of the partially shaded photo-
voltaic system. PLoS ONE 13(11):e0206171

	11.	 Rizzo SA, Scelba G (2015) ANN based MPPT method for rapidly 
variable shading conditions. Appl Energy 145:124–132

	12.	 Elobaid LM, Abdelsalam AK, Zakzouk EE (2015) Artificial neural 
network-based photovoltaic maximum power point tracking 
techniques: a survey. IET Renew Power Gener 9(8):1043–1106

	13.	 Başoğlu ME (2018) An enhanced scanning-based MPPT 
approach for DMPPT systems. Int J Electron 105(12):2066–2081

	14.	 Duan Q, Leng J, Duan P, Hu B, Mao M (2015) An improved vari-
able step PO and global scanning MPPT method for PV systems 
under partial shading condition. In: 2015 7th international con-
ference on intelligent human-machine systems and cybernetics, 
vol 1. IEEE, pp 382–386

	15.	 Ishaque K, Salam Z, Lauss G (2014) The performance of perturb 
and observe and incremental conductance maximum power 
point tracking method under dynamic weather conditions. Appl 
Energy 119:228–236

	16.	 Motahhir S, Chalh A, El Ghzizal A, Derouich A (2018) Develop-
ment of a low-cost PV system using an improved INC algorithm 
and a PV panel Proteus model. J Clean Prod 204:355–365

	17.	 Li H, Yang D, Su W, Lü J, Yu X (2018) An overall distribution parti-
cle swarm optimization MPPT algorithm for photovoltaic system 
under partial shading. IEEE Trans Ind Electron 66(1):265–275

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Table 3   Comparison between 
the proposed method and 
other methods

Steady state error Tracking speed 
(s)

Tracking GMPP 
under PSC

Complexity

P&O [15] High 0.02 No Simple
INC [16] Moderate 0.1 No Simple
PSO [17] Less 1.86 Yes Medium
Proposed method Less 0.9 Yes Simple
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