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ABSTRACT 

MPPT is an electronics device that extracts maximum available power from a PV 
module under varying environmental conditions. But most of the conventional 
MPPT methods fail to track maximum power under partial shading condition 
(PSC). Partial shading is the most common situation in PV power generation, 
which is caused if part of the series-connected strings is partially shaded. This 
situation leads to the multiple peaks in the P-V characteristics curve of the PV 
system. So stochastic search method, Particle Swarm Optimization (PSO), is used 
instead of the conventional methods to track maximum power under PSC. But the 
PSO method has the limitation of slow operation. So in this paper, a fast hybrid 
method is presented, which combines the PSO method with the ANN method. In 
this hybrid method, the ANN enables the existing PSO method to track MPP 
quickly by providing more accurate initial particle positions of the PSO algorithm. 
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INTRODUCTION 

Renewable energy is becoming more and more popular as energy sources, as they are 
economically sustainable and environmentally reliable. People are keener to use renewable 
sources for power generation to reduce CO2 emission. Among these renewable sources, PV 
systems are becoming the first choice of people because they are cheap and easy to 
implement. Also, the development and improvement of the DC micro-grid and the Nano-
grid system are providing the opportunity to spread electricity to the rural area. Now a day, 
not only the rural areas but also the cities are shifting toward a sustainable and 
environmentally friendly solar system (Abdullah et al., 2018). 
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But the nonlinear behavior of the photovoltaic system under varying environmental 
conditions possesses challenges for designing the PV system. To overcome this problem, 
different MPPT methods are utilized, and they are making it possible to track maximum 
power under varying environmental conditions (Enslin, 1990). Some of those conventional 
methods are P&O and Incremental conductance methods. Some intelligent methods are also 
used for this tracking purpose, i.e., ANN and Fuzzy logic (Esram and Chapman, 2007; 
Elobaid et al., 2015). But there exists another environmental limitation of designing MPPT 
for the PV system, which is partial shading. This is one of the most common environmental 
disturbances which arises when some of the PV strings are partially shaded. As an effect of 
partial shading hotspot problem arises, which may damage the partially shaded strings 
Under PSC. So to eliminate the effect of partial shading bypass diode is used in parallel to 
each PV module. Due to the introduction of bypass diode across the PV cell multiple local 
maxima problem arises. Because of these multiple peaks, many of the conventional methods 
fail to track true MPP under partial shading (Islam et al., 2016). 

Under PSC, when other conventional methods and intelligent method fails to track actual 
MPP, stochastic search method (Particle Swarm Optimization) provide quite an accurate 
searching record (Liu et al., 2012; Yunliang and Nan, 2015; Yang et al., 2017; Zheng et al., 
2016). The main disadvantages of the PSO method are slow operation and large oscillations. 
To overcome large oscillation problems, several modifications were performed on the PSO 
method (Ishaque et al., 2012; Merchaoui, 2018; Yang et al., 2019; Mirhassani et al., 2014; 
Obukhov et al., 2020). Some modifications were also made on the reinitiating of the PSO 
algorithm. But the standalone PSO method was unable to detect the MPP fast. So faster and 
reliable method was needed to overcome this limitation. As the PSO was highly reliable 
under PSC but slow, modifications were made by including other methods in parallel with 
the PSO method in a hybrid structure.  

Manickam et al. (2016) proposed a hybrid method that combined PSO with the P&O 
method. In this method, the convergence time of the PSO reduced from 3.75 seconds to 
500ms as the search window is narrowed. But the further reduction of tracking time was 
desired. The artificial intelligent systems were necessary to be introduced as they were fast 
and have the capability of dealing with the nonlinearities in the I–V characteristics of PV 
systems. El-Helw et al. (2017) combined the P&O method with ANN. As both ANN and 
P&O had a fast-tracking ability, this method was fast. But the method was unreliable under 
PSC because of multiple peaks. Bataineh and Eid (2018) combined a fuzzy logic controller 
with the P&O method. Priyadarshi et al. (2020) proposed another hybrid method; they 
combined the ANFIS and PSO method under fluctuating sun irradiance. As the PSO method 
is reliable, the insertion of ANFIS made this method fast and reliable.  

One of the most popular artificial intelligent systems is an Artificial Neural Network. The 
popularity of ANN is growing day by day because of its simplicity and easy 
implementation. To develop MPPT for the PV system under PSC, ANN can play a 
significant role. ANN predicts the non-linear behavior of the PV system more accurately. So 
the implementation of ANN with the PSO method in combination will improve the speed 
of tracking (Bataineh and Eid, 2018; Ngan and Tan, 2011). Also, due to the presence of the 
PSO algorithm, this method can detect MPP more reliably than other hybrid methods. In 
this paper, a hybrid method of ANN and PSO will be discussed. Also, the performance of 
the new hybrid method will be evaluated by comparing it with the standalone PSO method. 
Both the PSO and hybrid method will be applied to the same PV array configuration. Also, 
the applied irradiance pattern will be the same for both cases. 



Engineering International, Volume 8, No. 1 (2020)                                                                                                                                          ISSN 2409-3629 

 

Asian Business Consortium | EI                                                                                                                                                          Page 11 

 

PARTIAL SHADING CONDITION 

The output voltage of a single PV module is low compared to the requirement for the 
system. To increase the voltage of the system, PV modules are connected in series. However, 
not all the PV modules of the array receive the same amount of irradiance all the time. When 
parts of the PV strings are partially shaded by heavy clouds or buildings or trees, the 
receiving amount of irradiance varies module to module. 

 

This partial shading condition leads to significant power loss in the PV system. As there is 
an uneven distribution of sunlight among the strings, it creates a hot spot problem in the 
location of shaded cells. Only the fully illuminated PV cells generate a large amount of 
energy, while the shaded cells absorb this energy and convert it into heat. This situation is 
called the hot-spot problem, which may damage the partially shaded PV cells and 
consequently reduces the lifespan of the PV module. To eliminate the effect of partial 
shading, bypass diodes are inserted across each PV strings shown in fig.2. 

Under partially shaded conditions, the short circuit current of each series-connected PV 
module may differ from each other. This leads the bypass diode of the partially shaded cell 
to be forward biased. And current flows through the bypass diode to prevent hot spots. 

 

Fig. 3. P-V curve of PV array with bypass diode 
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However, the insertion of the bypass diode causes another problem. It arises multiple peaks, 
namely global peak (GP) and local peak (LP), in which the only GP is the true MPP on P-V 
characteristic curve. The characteristics curve of a partially shaded PV array with a bypass 
diode is shown in fig.3. 

As a result of multiple peaks, conventional methods, i.e., PSO, IncCond, and ANN, fail to 
track true global peak and lingers around the local peaks. So different MPP search approach 
is required, which can detect the global peak instead of lingering around the local peaks. 

MPPT METHODS UNDER PARTIAL SHADING 

Under partial shading condition, the conventional algorithm (P&O, IncCond & ANN) are 
not intelligent enough to differentiate among the global peak and local peak. So stochastic 
search method (PSO) is usually employed under PSC, which detects MPP accurately. A new 
PSO & ANN based hybrid intelligent method can be applied under PSC, which will reduce 
the searching time. Both the PSO & new hybrid will be discussed and compared here. 

Particle Swarm Optimization 

Due to several local peaks under partial shading, a stochastic search method named Particle 
swarm optimization (PSO) is employed to detect the global peak, which is the MPP of the 
array. The PSO is an optimization technique having a population or several particles. 
Initially, these particles are randomly distributed in a given search space based on some 
equations. And finally, these particles move toward the actual MPP and finds the actual 
solution. It is an effective technique that can be used to multi-variable function optimization 
with multiple local points, in this case, as an MPPT technique. 

The PSO technique has two operators, one of them is velocity update (1), and another is 
particle position update (2). Both the velocity update and best particle position is dependent 
upon the power output of the PV module. And the output of this algorithm is the duty cycle 
for the switch of the boost converter. So the particle position defined the duty cycle and 
denoted by D in equation 2. The two expressions are given below, 

 𝑣𝑖
𝑘+1 = 𝑤𝑣𝑖

𝑘 + 𝑐1𝑟1(𝑝𝑏𝑒𝑠𝑡𝑖 − 𝑆𝑖
𝑘) + 𝑐2𝑟2(𝑔𝑏𝑒𝑠𝑡𝑖 − 𝑆𝑖

𝑘)  (1) 

𝐷𝑖
𝑘+1 = 𝐷𝑖

𝑘 + 𝑣𝑖
𝑘+1                                                           (2) 

Where,                  

vi
k= current velocity vector 

vi
k+1= modified velocity vector 

Di
k= current position vector 

Di
k+1= modified position vector 

w = inertia weight 
pbesti = best position found by particle i 
gbest = best position found by particle group 
c1 = cognitive coefficient 
c2 = social coefficient 
r1 = random parameter 
r2 = random parameter  

The PSO uses the M number of particles or agents to search for the maximum power for the 
PV array. The more particle improves the accuracy of search but increases the computational 
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time or the tracking time. In this hybrid method, M=3 particles are chosen. Each of the particles 
moves in a given search space with a velocity, vi

k. Then, a new velocity value for each particle 
is calculated based on the current velocity, the previous best position, and the global best 
position, for each iteration. After that, a new position is updated by using the previous position 
of the particle and the new velocity value according to the previous two equations. 

Start

Initialization:

M=3, w=.4, C1=1.2, C2=1

iteration=1
D(1)=0.2, D(2)=0.5, D(3)=0.8

Sampling time

Input: Ipv(k),Vpv(k)

Ppv(k)=Ipv(k)× Vpv(k)

ΔP=Ppv(k)-Ppv(k-1)

P(i)=Ppv(k)

ΔP > (ΔP) crit

Re-initialization:

M=3, w=.4, C1=1.2, C2=1

iteration=1, i=1
D(1)=0.2, D(2)=0.5, D(3)=0.8

Yes

No

Iteration>=12D=gbest

P(i) > max(p(i))

Pbest=D(i)

Yes

P(i) > Gbest

No

Gbest=D(i)

Yes

i==3

No

For, i=1:3

Calculate velocity: v(i)

D(i)=D(i)+v(i)

Set i=0

Yes

i = i+1

No

Go to (1)

1

Fig. 4. Flow Chart of PSO Method  

In this research work, three particles (M= 3) were used. The initial velocities of all particles 
were set to zero. As the range of duty cycle is 0 to 1, the initial positions of the particles 
denoted by D (Duty cycle) were selected as, 0.2, 0.5 & 0.8. Three parameters of the PSO 
algorithm were needed to be calculated first, those are, the weight inertia (w), cognitive 
coefficient (c1), and the social coefficient (c2). These parameters were calculated by the trial 
and error process and they were selected as 0.4, 1.2, and 1, respectively. 

As the irradiance pattern changes dynamically, the PSO algorithm must be reinitiated 
whenever there is an environmental change. This change can be detected by comparing the 
change of power with a critical value. When ΔP>(ΔP)Crit, the algorithm reinitiates itself to its 
initial value that was set. Here, ΔP = Pk - Pk-1. 
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PSO & ANN-based Hybrid MPPT Method 

PSO is a stochastic search method, which takes a considerable amount of time to track a 
global peak. So some modifications were required. In the new ANN and PSO based hybrid 
method, the initial Particle position of particle Swarm Optimization (PSO) method is 
provided by an Artificial Neural Network (ANN). This initial particle position(IC) is near 
the global MPP. So the range of the PSO algorithm is reduced. Using this initial value, the 
PSO algorithm detects the output current of the PV array at global MPP. And the PSO 
algorithm is now able to find the global MPP quickly. 

Also, whenever there is a sudden change of solar irradiance, ANN detects the change & 
provides a new initial particle position (IC) for the PSO algorithm. The flow chart of this 
method is shown in fig. 4. 

Start

Input: Ipv, Ppv

Set, i=1

Sensing Solar 

Irradiances

G(k)=G(k-1)

Ic(k)=Ic(k-1)

Yes

ANN

No

Initialization:

If iteration==1

I(1)=0.8×Ic

I(2)=Ic

I(3)=1.2×Ic Ic

Iteration=1(reinitiation)

PSO algorithm

Start
 

Fig. 5. Flow Chart of the Hybrid Method 

In the PSO algorithm, there are three particles used, and one of their position (IC) is provided 
by the ANN. So two more positions are selected, which are respectively 80% & 120% of IC. 
Thus these three-particle positions are providing the PSO algorithm a very narrow search 
space. The block diagram of the Hybrid method is shown in fig. 6. The ANN takes the 
irradiance pattern as input and provides initial particle positions to the PSO algorithm. 
Where the PSO algorithm tries to achieve MPP by varying the reference current toward IMPP. 
And a PID controller changes the duty cycle to control the boost converter to follow the 
reference current. 
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Fig. 6. Block diagram of Hybrid Method 

METHODOLOGY 

PV Array Design: 

For describing the Partial shading situation, an array of PV panels is required. To carry out this 
research work, a SIMULINK model of the array is designed first. The array consists of four PV 
panels, which are connected in a series configuration. All of the PV cells have the same 
characteristics. Different irradiation patterns can be applied to this PV array, which can be used 
to emulate the practical PV array. Now using this array, we can test both PSO and proposed 
hybrid method. The parameters of a PV panel, used for SIMULINK modeling is given below. 

 

Fig. 7. PV array design  
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Table 1. PV module parameters 

Open circuit voltage VOC 21.1 V 
Short-circuit current ISC 3.8A 
Cells per module (Ncell) 36 
Temperature coefficient of VOC -0.229%/0C 
Temperature coefficient of ISC 0.0307%/0C 
Maximum Power 60.53 W 

 

These panels are to be connected in a series configuration. But to protect the array from the 
hot spot problem, bypass diode is to be connected in parallel to each panel. The SIMULINK 
model of the PV array is shown below. 

Partial Shading Pattern 

For illustrating the partial shading situation, the array is to be illuminated by irradiance of 
different patterns. Here in this research work, two patterns are used (Pattern 1 & Pattern 2), 
which are shown in the table below.  

Table 2. Partial Shading Pattern 

Module No. 0-1sec (wm-2) 1-2sec(wm-2) 

PV1 400 900 

PV2 700 800 
PV3 900 800 
PV4 900 900 

 

The P-V characteristic of the PV array for two different patterns is shown in the figure below.  

 

Fig. 8. Validation performance of ANN for hybrid 2 model 

From the figure, the MPP for pattern-1 is 136 Watt at 53V, and for pattern-2, the global peak 
is 202.4 Watt at 69.8V. There are several local peaks also at both patterns. But the MPPT 
algorithm should be able to detect the MPP while the irradiance pattern changes from 
pattern 1 to pattern 2, neglecting the local peaks. 
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ANN Training 

ANN mentioned in the hybrid model, takes irradiances in each PV panel of the array as 
input and generates IC. As irradiance can be different on each of those modules, there are 
thousands of combinations of partial shading patterns can be formed in the array.  Among 
those combinations, we took 100 sets of data from 100 shading patterns and used them for 
training the ANN. The ANN training parameters for this method are tabulated in table 3. 
The ANN takes irradiance of 4 PV cells as input and generates IC as output.  

Table 3. ANN training Parameters 
 

 

Parameters Values 

Network type Feed forward back propagation 
Number of layers 2 layers  
Number of neuron in the hidden layer 15 neuron 
Number of neurons output layer 1 neuron 
The Activation function of the hidden layer tansig 
The Activation  function of the output layer purelin 
Network training function trainlm  
Show 50 
Leaning rate 0.05 
Epochs 1000 
Training goal/ Error tolerance 1e-3 

The training performance of the ANN is shown in fig. 8, and the validation performance is 
shown in fig. 9. From the validation curve, we can see at the best validation performance is 
0.048906 at epoch 4. 

 

Fig. 8. Training performance of ANN for the hybrid model 
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Fig. 9. Validation performance of ANN for the hybrid model 

Simulation Model 

 

Fig. 10. Simulink model of the Hybrid method 

Model Parameters 

In the simulation model of the proposed hybrid MPPT method, the array is connected across 
a boost converter. The converter extracts maximum power from the array under all 
conditions. The parameters of the boost converter tabulated below.  

Table 4. Boost converter parameters 

Parameters Values 

C1 40×10-6 F 
L1 1×10-3 F 
C2 40×10-6 F 
R 120Ω 
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The switch performs the main operation. The duty cycle of the switch is defined by the 
MPPT technique & by the PID controller. And according to this duty cycle, the pulse 
generator generates a pulse for the switch. The switching frequency is 10KHz. Also, in the 
proposed hybrid method, the PSO method is integrated with the ANN. The parameters for 
the PSO technique are shown below. 

Table 5.  PSO parameters 

Parameters Values 

Number of particles 3 
Maximum Number of iterations 12 
Weight (w) 0.4 
C1 1.2 
C2 2 

RESULT 

 
Fig. 11. (a) Duty cycle (b) PV current and (c) Output power of PV array using PSO method 
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Firstly, the standalone PSO algorithm is used to test the speed & efficiency of the method 
under the given partial shading pattern. This method can track maximum power with a great 
deal of efficiency. The tracking performance of a standalone PSO MPPT is shown below. 

The tracking performance of the stand-alone PSO method is recorded in the table below, 
where the tracked power, efficiency, and the tracking time is shown. 

Table 6.  Tracking efficiency & tracking time of the PSO method 

Partial Pattern Pattern 1 Pattern 2 

Maximum Power  136 W 202.4 W 
Tracked Power 135.9 W 202.2 W 
Efficiency 99.92% 99.90% 
Tracking Time 410 ms 480 ms 

 
 

 

Fig. 12. (a) Reference current (PSO output) (b) PV current and (c) Output power of PV array 
under new hybrid method 
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Analyzing the power curve, it is clear that this method can track MPP under PSC efficiently. 
Under dynamic environmental change from irradiance pattern 1 to pattern 2, the method 
reinitiated itself and searched the true MPP accurately within 480ms. But this method 
operates slowly due to large searching space. PSO takes time to search the true MPP in its 
search space. So there is a significant delay in this process, which is over 400ms.  

Now MPP of the similar PV array is under the same irradiance pattern is tracked by the 
hybrid method to ensure whether the new method works faster or not. Firstly, the reference 
current is produced by the PSO algorithm is shown fig. 12(a). Secondly, the PID controlled 
works quickly and efficiently to follow the suggested reference current by the PSO 
algorithm. And the PV current is shown in fig. 12(b). Finally, as a result of ANN, PSO & PID 
controller, the converter is capable of operating the PV array on optimal voltage, which are 
53V in the case of pattern1 and 69V for pattern 2. These current and voltage wave shapes 
suggest that the new hybrid method can track MPP quickly and also with less ripple. 

Now, the power curve of the PV array for this new hybrid method is shown in fig. 13. The 
power curve suggests that the new method can detect the maximum power of 135.9W 
during pattern 1 within 220ms and 202.1W during pattern 2 within 210ms. 

 

Fig. 13. Tracked PV power by the hybrid method 

The performance of the new hybrid method under the changing environment is tabulated 
at the following table. 

Table 7.  Tracking efficiency & tracking time of the hybrid method 

Shading Pattern Pattern 1 Pattern 2 

Maximum Power  136 W 202.4 W 
Tracked Power 135.9 W 202.1 W 
Efficiency 99.92% 99.89% 
Tracking Time 220 ms 210 ms 

 

While comparing performance between PSO and new hybrid method, we can see that there 
is a significant improvement in speed while tracking the MPP. The hybrid method is faster 
and efficient. 
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CONCLUSIONS 

This research paper introduced a new hybrid method, which combines both ANN & PSO 
method which works efficiently under partial shading condition. Also, the performance of 
this hybrid method is compared with the standalone PSO method. The tracking time 
reduced significantly in the case of the hybrid method compared to the PSO method. But 
there is some scope of improvement for this method. Firstly, its speed can be further 
improved if the ANN is trained with more accurate data, which will reduce the mean square 
error. And thus, it will allow us to reduce the search space further for the PSO algorithm. 
Also, a more accurate ANN result can eliminate the need for a stochastic search (PSO) 
method, instead, we can use faster search algorithms like P&O and IncCond methods. 
Secondly, the ANN takes irradiance on the different modules as input, but the inaccuracy 
of those sensors can be the major problem for practical cases. The need for irradiance 
measuring sensors can be eliminated by detecting the irradiance pattern only by observing 
the PV current and voltage curve. To do that, more and more trained ANN is required. As 
there are thousands of possible shading pattern may occur, the ANN has to more accurate. 
Despite this, the tracking speed and efficiency of the proposed hybrid method lead to the 
belief that this method may provide some contributions to the development of solar energy. 
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