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ABSTRACT: Under Partial Shading Conditions (PSCs), conventional MPPT techniques fail to locate the Global 

Maximum Power Point (GMPP) for PV generators, and when PSCs change suddenly and repetitively, several GMPP 

tracking techniques takes time to find or miss the target. To overcome these shortcomings, this paper proposes a new 

and fast technique that can identify and catch very quickly the GMPP. Due to the use of a PID controller, the PV 

system is improved in terms of response time and becomes very fast.  On the other hand, the proposed algorithm is 

developed upon other known algorithms and enhanced in order to identify the occurrence of PSCs and to find the 

GMPP. The measured points during identification and searching process are reduced which increases the power 

efficiency of the PV system. The time required for the algorithm to catch the GMPP is minimized by 25% compared 

with other works. To examine the performance of the system a hard scenario, that contains several uniform and partial 

shading conditions, is used. The simulation is implemented in Matlab/Simulink. The obtained results show clearly the 

advantage of the proposed technique over others. 
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I. INTRODUCTION 

PV generators are non-linear electric sources. The output 

power they can deliver, depends on the intersection between the 

I-V characteristic and the load line. As both of them are 

variables in time, the intersection point rarely matches the 

maximum power point (MPP) the generator can produce. For 

this reason, researchers tried and found solutions by inserting 

static power converters (DC-DC or DC-AC) between PV 

generators and loads ( Pereira, et  al.,  2021; Abouchabana, et  

al., 2021; Osmani, et  al., 2021; Rajasekaran, et al., 2020; 

Morales, et al., 2021) Power converters are controlled by 

algorithms in order to extract continuously the available MPP ( 

Babes, et al.,  2022; Muhammad, et al.,  2021; Ameur, et al.,  

2017).  

The efficiency of PV systems depends on many factors such 

as PV-cells types, converter topologies and MPPT techniques 

(Hwang, et al., 2021; Ali, et al., 2021; Wang, et al. 2021). In 

recent years, much research has been conducted to improve the 

PV system's efficiency by proposing new intelligent algorithms 

that can find and track the MPP under unshaded PV generators 

( Villegas, et al., 2021; Hossam, et  al., 2021; Sarvi, et  al., 2021; 

Jately, et al., 2021; Dadkhah, et al., 2021; Mittal, et al., 2021; 

Cheng, et al., 2021). When PV generators are partially shaded, 

P-V characteristic changes significantly its form leading to the 

appearance of many local maxima. Their greatest value is 

known as the Global Maximum Power Point (GMPP) (Fares, et 

al., 2021). In this situation, and depending on the number of 

local maxima, only few techniques can find and track the 

GMPP. 

To judge the performance of GMPPT techniques, many 

criteria are to be considered, such as rapidity, accuracy, stability 

during the tracking process, partial shading detection, simplicity 

and cost of implementation ( Boukenoui, et al.,  2016; Soon, et 

al., 2015; Kermadi, et al., 2020; Boztepe, et al., 2014). 

 

1)  Partial Shading detection 

When partial shading happens to PV panels, GMPPT 

algorithms start a scanning process to find the GMPP. In the 

majority of algorithms, checking continuously the occurrence 

of PS is based on the output power change ΔP. Whenever ΔP 

exceeds a predetermined threshold, the algorithm considers that 

PS has occurred, and starts a scan of the P-V curve. The strategy 

of identifying the GMPP differs from one algorithm to another. 

The time spent for this operation may be short or long. 

Therefore, triggering an unnecessary scan will lead to power 

loss and thus affect the algorithm efficiency. This problem may 

take place when a PV generator is suddenly subjected to a large 

uniform change in irradiance which make ΔP exceeds the 

threshold ( Kermadi, et al., 2020; Kumar, et al., 2017; Patel, et  

al., 2008). 

 

2)  Rapidity and Accuracy 

Both rapidity and accuracy can be adjusted by the MPPT 

algorithm or/and the regulator used in case of indirect control. 

Generally, when rapidity is increased, accuracy decreases and 
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Figure 1: The studied PV system 

Figure 2: MPPT without voltage closed-loop regulation 

Figure 3: MPPT with voltage closed-loop regulation 

Figure 4: Equivalent circuit of the PV system 

vice versa. This is the case in conventional MPPT algorithms 

like P&O, Incremental Conductance and others.  For large duty-

cycle steps, the system responds quickly, but when it reaches 

the MPP, it oscillates with the same step value resulting in 

considerable power losses. For small steps, the system takes 

relatively a long time to get to the MPP, but when it reaches the 

target, it oscillates with that step resulting in less power loss. 

To overcome this problem, other modified algorithms like 

modified P&O, FL-based algorithm…, have used adaptive step. 

When the target is far away, the step is large, and when it is 

close to the target, the step becomes small. Such techniques may 

miss the GMPP under partial shading conditions (Ahmed, et al., 

2021; Belhachat, et al., 2017; Bi, et al., 2020). 

When the MPPT algorithm controls directly the power 

converter in the system, it outputs the duty-cycle. The update of 

the output duty-cycle must respect the system response time. In 

PV systems, the response time is dependent on the power 

converter components (L and C). This means that whatever the 

algorithm, fast or slow in terms of step size, it is always limited 

by the system response time.  

In case of indirect control, or closed loop control, the MPPT 

algorithm outputs a reference voltage that will be used as an 

input for a PID controller (Khaled, et al., 2020). Choosing the 

voltage as a control variable comes from the fact the MPP 

voltage is slightly affected by fast irradiance changes. The 

system response time adjusted and fixed by the user through the 

PID parameters. This method allows us to speed up significantly 

the MPP tracking process (Khaled, et al., 2020). 

Several research papers carried out to improve the tracking 

of the GMPP for partially shaded PV generators, however, there 

is still some issues that can be enhanced in order to make GMPP 

methods more accurate robust and faster. In this scope, this 

paper proposes a fast indirect GMPPT method for PV systems 

under uniform and partial shading conditions. 

II. PV SYSTEM CONCEPT 

 

A.     System Description 

The system used to test the performance of the proposed 

technique is presented in figure 1. The PV generator is 

composed of three series-connected panels with two by-pass 

diodes each. The DC-load is expected to operate at a voltage 

higher than that of the GMPP, hence the use of a Boost 

converter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. MPPT Indirect Implementation  

   To implement a MPPT technique, two methods are used: 

Direct method without voltage regulation loop and indirect 

method with voltage regulation loop. In the latter, the system 

charges a controller to calculate the duty cycle as in figure 2. 

In the other one, the MPPT algorithm calculates directly the 

duty cycle without passing by a controller as illustrated in figure 

3. The main difference between the two implementations 

resides in the system response time that will be used to 

determine at which frequency, fmppt, the MPPT algorithm 

updates its output. As mentioned in the introduction, in this 

study we are interested in using PID controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C.   PV System Modeling 

To control a system with classic PID controller, a model is 

required based on the five-parameter model with one diode, the 

PV generator is characterized by a non-linear equation. As the 

system is expected to operate at the vicinity of the MPP point, 

the PV generator is linearized around that point. The Linear 

equivalent circuit is illustrated in figure 4. The linearization 

process is presented in detail in (Khaled, et al., 2020). 
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Figure 5: PV system closed loop structure 

Figure 6: Illustration of Q-parameterization 

1) ON/OFF state model 

Over one switching cycle, the system equations can be 

derived from the on/off-states of the switch Q: 

System dynamics when switch Q is in on-state: 

𝐿
𝑑𝑖𝐿

𝑑𝑡
=  𝑣𝑔 − 𝑟𝐿𝑖𝐿                                                               (1) 

𝐶𝑖𝑛
𝑑𝑣𝑔

𝑑𝑡
=  𝑖𝑔 −  𝑖𝐿 =

𝑉𝑒𝑞−𝑣𝑔

𝑅𝑒𝑞
− 𝑖𝐿                                         (2) 

System dynamics when switch Q is in off-state: 

𝐿
𝑑𝑖𝐿

𝑑𝑡
=  𝑣𝑔 − 𝑟𝐿𝑖𝐿 − (𝑉𝑑 + 𝑉𝑏𝑎𝑡)                                        (3) 

𝐶𝑖𝑛
𝑑𝑣𝑔

𝑑𝑡
=  𝑖𝑔 −  𝑖𝐿 =

𝑉𝑒𝑞−𝑣𝑔

𝑅𝑒𝑞
− 𝑖𝐿                                         (4) 

 

2) Averaged model 

Averaging over one switching cycle, the system equations 

can be written as follows: 

𝐿
𝑑𝑖𝐿

𝑑𝑡
= 𝑣𝑔 − 𝑟𝐿𝑖𝐿 − (𝑉𝑑 + 𝑉𝑏𝑎𝑡)𝑑′                               (5) 

  𝐶𝑖𝑛
𝑑𝑣𝑔

𝑑𝑡
=  

𝑉𝑒𝑞−𝑣𝑔

𝑅𝑒𝑞
− 𝑖𝐿                                                  (6) 

Where d′=(1-d) is the control variable. 

 

3) Small signal model 

         The small signal model is given in the state space form as 

shown in Eqn. (7): 

𝑑

𝑑𝑡
[

𝑖̇�̃�
�̃�𝑔

] = [
−

𝑟𝐿

𝐿

1

𝐿

−
1

𝐶𝑖𝑛

1

𝑅𝑝𝑣𝐶𝑖𝑛

] [
𝑖̇�̃�
�̃�𝑔

] + [
−

𝑉𝑑+𝑉𝑏𝑎𝑡

𝐿

0
] 𝑑′̃                    (7) 

�̃� = [0 1] [
𝑖̇�̃�
�̃�𝑔

]                                                                     (8) 

Applying the Laplace transformation, the small-signal transfer 

function that relates the small-signal voltage ṽg and the control 

variable d′̃ is given as in (9). 

𝐺𝑣𝑑(𝑠) =
�̃�𝑔

𝑑′̃ =
𝐾𝑣𝑑

𝑠2𝜉𝑣𝑑𝜔𝑣𝑑𝜔𝑣𝑑
2                                                      (9) 

Where: 

𝐾𝑣𝑑 =
(𝑉𝑑𝑉𝑏𝑎𝑡)

𝐶𝑖𝑛
                                                                         (10) 

𝜉𝑣𝑑 =
𝑟𝐿𝑅𝑝𝑣𝐶𝑖𝑛−𝐿

2𝐿𝑅𝑝𝑣𝐶𝑖𝑛𝜔𝑣𝑑
                                                                    (11) 

𝜔𝑣𝑑 = √
𝑅𝑝𝑣𝑟𝐿

𝑅𝑝𝑣𝐶𝑖𝑛
                                                                        (12) 

 

The settling time of the PV system can be obtained using Eqn. 

(13). When MPPT algorithm is used directly to compute the duty 

cycle, the minimum time must be waited to see the response of 

Ppv to a change of d, is determined by𝑇𝑠𝑡_𝑜𝑝. 

𝑇𝑠𝑡_𝑜𝑝 =
𝑙𝑛(0.02√1−𝜉𝑣𝑑)

𝜉𝑣𝑑𝜔𝑣𝑑
                                                               (13) 

   

III. PID DESIGN 

Figure 5 illustrates the voltage regulation loop of the PV 

system. 

 

 

 

 

 

 

 

 

The closed loop transfer function T0(s) is given by Eqn. 

(14), where  Gvd(s) represents the nominal plant model, C(s) 

stands for the controller transfer function, vmpp(s) is the control 

reference, 𝑑′̃(𝑠) symbolizes the control signal, and ṽg(s) is the 

plant output or the control variable ( Khaled, et  al.,  2018). 

𝑇0(𝑠) =
�̃�𝑔(𝑠)

𝑣𝑚𝑝𝑝(𝑠)
=

𝐶(𝑠)𝐺𝑣𝑑(𝑠)

1+𝐶(𝑠)𝐺𝑣𝑑(𝑠)
                                    (14) 

To simplify the design of the controller, a transfer function 

in terms of the variable Q(s) is introduced as in Eqn. (15). Its 

closed-loop model representation is illustrated in Figure 6. This 

simplification permits the transfer function of the closed-loop 

system to be remodeled as in Eqn. (16). 

𝑑′̃(𝑠) = 𝑄(𝑠)𝑣𝑚𝑝𝑝(𝑠)                                                 (15) 

𝑇0(𝑠) =
�̃�𝑔(𝑠)

𝑣𝑚𝑝𝑝(𝑠)
= 𝑄(𝑠)𝐺𝑣𝑑(𝑠)                                   (16) 

The transforming function between Q(s) and C(s) is 

obtained as in Eqn. (17): 

𝐶(𝑠) =
𝑄(𝑠)

1−𝑄(𝑠)𝐺𝑣𝑑(𝑠)
                                                             (17) 

 

For a stable model, it has been confirmed that stability of Q(s) 

is sufficient to ensure internal stability of the closed loop system 

(Ameur, et al., 2017). 

 

 

 

 

 

 

 

A.       Desired Performance in closed loop 

The desired closed-loop transfer function FQ(s) should be 

specified from both the damping ratio, which has a relation with 

the percentage of the overshot, and the undamped natural 

frequency, which has relation with the response speed, as in 

Eqn. (18). 

To improve the system performance, the closed-loop 

parameters are chosen as ξcl = 0.7, 𝜔cl = 4.𝜔vd. 

𝐹𝑄(𝑠) =
1

1

𝜔𝑐𝑙
2 𝑠2+

2𝜉𝑐𝑙
𝜔𝑐𝑙

𝑠+1
=

1

𝛼2𝑠2+𝛼1𝑠+1
                                      (18) 

The settling time can be calculated using the Eqn. (19): 

𝑻𝒔𝒕𝒄𝒍
=

𝒍𝒏(𝟎.𝟎𝟐√𝟏−𝝃𝒄𝒍)

𝝃𝒄𝒍𝝎𝒄𝒍
                                                              (19) 

Then, Q(s) and C(s) are given by Eqns. (20) and (21) 

respectively. 

𝑄(𝑠) = 𝐹𝑄(𝑠)𝐺𝑣𝑑
−1(𝑠) =

𝑠2+2𝜉𝑣𝑑𝜔𝑣𝑑𝑠+𝜔𝑣𝑑

𝐾𝑣𝑑(𝛼2𝑠2+𝛼1𝑠+1)
                              (20) 

𝐶(𝑠) =
𝑄(𝑠)

1−𝐹𝑄(𝑠)
=

𝑠2+2𝜉𝑣𝑑𝜔𝑣𝑑𝑠+𝜔𝑣𝑑

𝐾𝑣𝑑𝑠(𝛼2𝑠2+𝛼1𝑠)
                                        (21) 

The transfer function of the controller can also be expressed in 

a parallel form as in Eqn.(22) 

𝐶(𝑠) = 𝐾𝑝 +
𝐾𝑖

𝑠
+

𝐾𝑑𝑠

𝜏𝑑𝑠+1
                                                        (22) 

Where: 

𝜏𝑑 =
𝛼2

𝛼1
, 𝐾𝑝 =

2𝜉𝑣𝑑𝜔𝑣𝑑𝛼1−𝛼2𝜔𝑣𝑑

𝐾𝑣𝑑𝛼1
2  , 𝐾𝑖 =

𝜔𝑣𝑑
2

𝐾𝑣𝑑𝛼1
  and  

      𝐾𝑑 =
𝛼1

2−2𝜉𝑣𝑑𝜔𝑣𝑑𝛼1𝛼2+𝛼2
2𝜔𝑣𝑑

2

𝐾𝑣𝑑𝛼1
3  respectively. 
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Figure 7: I-V cures under various irradiances for three-series 

connected panels 

Figure 8: |G1-G2| mismatch vs. irradiance for SW85W PV panel 

Figure 9: I-V cures under PS  for three-series connected panels 

B.     Partial Shading Detection Scheme 

In this work we have adopted the PS detection scheme 

presented in (Jubair, et al., 2017; Jubair, et al., 2018). In this 

scheme, the detection is based on two Eqns. 23 and 24. 

𝐺1 =
𝐼0.8𝑉𝑜𝑐

𝐼𝑠𝑐_𝑆𝑇𝐶
. 𝐺𝑆𝑇𝐶                                                                 (23) 

𝐺2 =
𝐼0.8𝑉𝑜𝑐_𝑎𝑟𝑟

𝐼𝑚𝑝𝑝_𝑆𝑇𝐶
. 𝐺𝑆𝑇𝐶                                                            (24) 

Where I0.8Voc represents Isc in the vicinity of 0.8Voc, and 

I0.8Voc_arr is the current Impp near the voltage 0.8Voc_arr.  

As the PV panel used in our system includes two bypass diodes, 

Voc symbolizes then the open circuit voltage of only a half panel, 

and Voc_arr stands for the open circuit voltage of the three series-

connected panels. 

Under uniform irradiance as illustrated in figure 7, G1 and 

G2 have approximately the same values: 

𝐺1 =
2.59

5.2
. 1000 = 500,9 𝑊/𝑚2, 

𝐺2 =
2.44

4.86
. 1000 = 502 𝑊/𝑚2, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The tiny difference between them may differ under 

different uniform irradiances, but remains below a certain 

threshold.  Figure 8 shows the error |G1-G2| in function of 

irradiance for the three SW85W PV panels which are used in 

the studied system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It can be observed that the error between G1 and G2 does 

not exceed 25 W/m2 under various uniform irradiances.  For this 

reason, and in order to distinguish between uniform irradiance 

variation and partial shading occurrence the following 

equations are used: 

|𝐺1 − 𝐺2| < 30  Means: absence of partial shading           (25) 

|𝐺1 − 𝐺2| > 30 Means: occurrence of partial shading       (26) 

Figure 9 shows different I-V curves under partial shading 

conditions. Taking as example the red curve, G1 and G2 

calculation gives: 

𝐺1 =
2.96

5.2
. 1000 = 569,2 𝑊/𝑚2,  

𝐺2 =
2.03

4.86
. 1000 = 417.69 𝑊/𝑚2, 

The absolute difference |𝐺1 − 𝐺2| = 151.51 𝑊/𝑚2, 

which is much greater than the threshold. In this case, MPPT 

algorithm identifies easily the partial shading occurrence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C.     Updating Open Circuit Voltage Voc_arr 

The idea of updating Voc_arr without the need for sensors, 

which is presented by (Jubair, et al., 2017; Jubair, et al., 2018), 

brings an important improvement to all Voltage-based MPPT 

techniques. In addition to the prediction of local maxima bands, 

it gives continuously the upper limit of the voltage the 

algorithms must not exceed.  

When using meta-heuristic methods to find the GMPP, 

some information must be provided in order to ensure its 

convergence, such as the maximum voltage the PV generator 

can reach. If an algorithm outputs a voltage beyond that 

maximum, the system will be stuck and try to reach the 

unreachable voltage. Exploiting the idea of updating Voc_arr 

without the need for sensors, will help to avoid this situation. 

The updating process in (Jubair, et al., 2017; Jubair, et al., 

2018) is performed in two steps. In the first step, the authors 

assumed that the MPP is already tracked under uniform 

irradiance, and they use a relation between Vmpp_arr and Voc_arr in 

order to find the initial value of Voc_arr, which will be used in the 

second step. The assumptions they made, make their algorithm 
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Figure 10: The proposed algorithm 

Figure 11: Illustration of the GMPP search process 

restricted to one initial case, and exclude others. In this work, 

another idea is proposed to improve the updating process.  

In PV systems, where power converters are used to ensure 

the energy transfer from a PV generator to a load, a capacitor 

must be connected in parallel with that PV generator. Before the 

start of the system control, this capacitor is charged by the 

generator to the open circuit voltage𝑉𝑜𝑐_𝑎𝑟𝑟. Its value can be 

acquired by a simple measurement using a voltage sensor.  

Knowing the initial value of 𝑉𝑜𝑐_𝑎𝑟𝑟 help us to avoid the 

assumption that the MPP is already tracked, which make our 

algorithm more flexible and includes all possible initial cases. 

Unlike what is presented in (Jubair, et al., 2017; Jubair, et al., 

2018), in this study the updating process is executed as 

illustrated in figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the beginning, the algorithm measures the open circuit 

voltage 𝑉𝑜𝑐_𝑎𝑟𝑟,𝐿𝐶 . Then, it measures and records the currents 

I0.8Voc and I0.8Voc_arr in order to calculate G1 and G2. Next, Eqn. 

(27) is used to update 𝑉𝑜𝑐_𝑎𝑟𝑟,𝑈𝐷. after that, only when the PV 

generator is under uniform irradiance Eqn. (28) is used: 

𝑉𝑜𝑐_𝑎𝑟𝑟,𝑈𝐷 = 𝑉𝑜𝑐_𝑎𝑟𝑟,𝐿𝐶 + 𝑎. (
𝑛𝑠.𝑘.𝑇

𝑞
) . 𝑁𝑠. 𝑙𝑛 (

𝐺1

𝐺𝑆𝑇𝐶
)  (27) 

Where 𝑉𝑜𝑐_𝑎𝑟𝑟,𝑈𝐷 is the Updated 𝑉𝑜𝑐_𝑎𝑟𝑟, 𝑎 is the diode ideality 

factor, 𝑛𝑠 is the number of series-connected cells in one panel, 

k is the Boltzmann constant, T is the temprature, q is the electron 

charge, 𝑁𝑠 is the number of series-connected panels, and 

𝑉𝑜𝑐_𝑎𝑟𝑟,𝐿𝐶  is the Last Calculated value of 𝑉𝑜𝑐_𝑎𝑟𝑟 . At the 

beginning of the algorithm, 𝑉𝑜𝑐_𝑎𝑟𝑟,𝐿𝐶  is measured across the 

input capacitor.  

𝑉𝑜𝑐_𝑎𝑟𝑟,𝐿𝐶 =
𝑉𝑚𝑝𝑝_𝑎𝑟𝑟

0.8
                                                           (28) 

 

D.   GMPPT algorithm 

When a change in power is greater than 10%, the algorithm 

runs the PS detection routine in which two (02) current values 

are measured and recorded at 0.8Voc_arr and 0.8Voc respectively 

(states 1 and 2 in figure 11). 

If PS is not detected, the algorithm goes directly to 

0.8Voc_arr and runs the P&O algorithm (green arrow in figure 

11). In the other case, the algorithm triggers the GMPPT process 

in which other currents values are to be measured and recorded 

at voltages multiple of 0.8Voc (states 3 to 6 in figure 11), then 

and after comparison it goes to the voltage at which the power 

is the greatest and runs the P&O algorithm (blue arrow or red 

arrow in figure 11). 

The GMPPT process does not measure again the current at 

the checking points; 0.8Voc_arr and 0.8Voc which make the 

algorithm faster than that proposed by ( Jubair, et  al.,  2017; 

Jubair, et  al.,  2018). 
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Figure 12: Simulink Model of the studied system 

IV. RESULTS AND DISCUSSION 

The PV system used for testing the proposed algorithm is 

shown in figure 12. It is characterized by:  the battery nominal 

voltage VB =96V, fSW =40 KHz, L=2mH with an internal 

resistance rL=0.15Ω, CIN=10 uF and  COUT =10 mF. The PV 

generator is expected to operate at around VMPP =53.7 V under 

uniform irradiance. The sample time for the simulation is set as 

TS=1/40000/100 (s).  The Matlab function block, which 

contains the GMPPT algorithm, runs every TMPPT=1/40000 

(s). To test diffrents algorithms only the Matlab Function block 

will be changed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the aforementioned parameters, the settling time 

of the PV system in open-loop control is given by  T_(ST_OP 

)=928.38ΜS. With the integration of the PID regulator, the 

system dynamics is improved and becomes T_(ST_CL 

)=213.17ΜS. This means that in order to measure the current at 

a reference voltage, Vref, the algorithm must wait at least 

213.17 µs to ensure that the PV system has indeed reached Vref 

, then the algorithm calculates a new reference voltage.  

In addition, in the proposed GMPPT algorithm a condition 

is added, (Vref - Vm <ɛ), in order to verify each time whether  the 

measured voltage Vm has reached the reference value  or not. 

When the condition (Vref - Vm <ɛ) is verified, the current is 

measured and the power is then calculated and the algorithm 

generates a new reference voltage.  

Our proposed algorithm has two advantages;  

1) Ensuring that the power is calculated at the 

specified voltage,  

2) In some cases, the algorithm doesn’t need to wait 

the entire settling time, 𝑇𝑠𝑡𝑐𝑙
, (Eqn. 19) in order to 

measure the current and calculate a new reference 

voltage.   This situation can be noticed in figures 

13 to 15. The duration of the reference steps are not 

equal. Whenever the reference is detected by the 

algorithm the voltage moves to the new reference, 

which reduces significantly the duration of the 

scanning process and therefore reducing power 

losses. 

The scenario chosen to show the performance of each 

technique, during 60 ms, is shown in figures 13 to15. Every 10 

ms the PV panels are subjected to different irradiances with 

sudden change. The P-V curves experienced in each period are 

drawn in chronological order. The GMPP of each curve is 

depicted on it as well. It should be noted that both algorithms 

start working after 1ms from the beginning.  

Three GMPPT techniques are tested and compared to each 

other. The first one is based on an adaptive P&O that scans the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

integer fraction of 0.8Voc_arr and then locate the GMPP as 

illustrated in figure 13. Whenever the algorithm detects a 

sudden change in power it triggers the same scan in order to 

catch the GMPP, except the first one which is executed only at 

the start-up of the PV system. 

Measuring voltage and current is a time-consuming process 

and making unnecessary measurements leads to more power 

losses. Looking at the P-V curves in figure 13 (cases 1, 3, 4 and 

6), we notice that all PV panels are subjected to uniform 

irradiance which means that the MPP is located at the vicinity 

of 0.8Voc_arr. However, the algorithm triggers a scan of all 

integer fractions of 0.8Voc_arr resulting in excessive power 

losses. 

To overcome this problem, a PS detection scheme is 

proposed by (Jubair, et al., 2017; Jubair, et al., 2018) and 

incorporated into the algorithm. Figure 14 shows the results of 

this technique. When PV panels are exposed to uniform 

irradiance (cases 1,3,4 and 6) and the algorithm detects a sudden 

change in power, only two points are measured (0.8Voc and 

0.8Voc_arr) then the algorithm goes back directly to 0.8Voc_arr and 

starts the P&O subroutine.   

When partial shading is detected (as in cases 2 and 5) the 

algorithm, after checking the two points, triggers again a scan 

of all integer fraction of 0.8Voc_arr then it moves to GMPP region 

and starts the P&O subroutine.  
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Figure 13: GMPPT algorithm without PS detection scheme 

Figure 14: Algotithm of (Jubair, et al., 2017; Jubair, et al., 2018) with PS detection scheme 
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Figure 15: Proposed algorithm with PS detection scheme 

Figure 16: Comparison between the proposed algorithm and the 

algorithm proposed by Jubair, et al. 

This algorithm, proposed by (Jubair, et al., 2017; Jubair, et 

al., 2018), brought a significant improvements to the PV system 

in terms of power yield compared with the adaptive P&O 

algorithm.  When the algorithm detects a sudden change in 

power and  no Partial Shading (PS) is detected, only two 

measures are undertaken which saves about 40% of the energy 

yield that might be lost if algorithm triggers a scan of all integer 

fractions of 0.8Voc_arr. 

Figure 15 shows the results of the proposed algorithm 

which incorporated the PS detection scheme as in (Jubair, et al., 

2017; Jubair, et al., 2018) but its performance is better than that 

of (Jubair, et al., 2017; Jubair, et al., 2018) due to the reduced 

number of measured points during the search of the GMPP.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 shows the main difference between the two 

algorithms. Under partial shading conditions, both algorithms 

start measuring the two checking points. When partial shading 

is detected,  the proposed algorithm then measures only the 

remaining points among those integer fractions of 0.8Voc_arr, 

whereas in  case of ( Jubair, et  al., 2017; Jubair, et  al., 2018) 

the checking points are measured again with the other points. 

We notice in figure 16 that the second checking point (0.8Voc) 

in (Jubair, et al., 2017; Jubair, et al., 2018) algorithm is 

measured twice but the time needed for that is nearly the same 

as ours. This happens due to the addition of verification routine 

(Vref - Vm <ɛ) which allows the algorithm to move to the next 

point without the need to wait𝑇𝑠𝑡𝑐𝑙
. 

This enhancement brought by the proposed algorithm has 

reduced the time needed for catching the GMPP from 4, 8 ms to 

3, 6 ms, which represent 25% of   the GMPPT tracking process. 

 

 

 

V. CONCLUSION 

In conclusion, this paper has introduced a novel and 

efficient technique for enhancing the performance of 

photovoltaic (PV) systems under both uniform and partial 

shading conditions. The key innovation lies in the 

implementation of a fast indirect Global Maximum Power Point 

Tracking (GMPPT) technique, facilitated by the design and 

incorporation of a Proportional-Integral-Derivative (PID) 

controller. The PID controller significantly accelerates the 

system response, achieving a fourfold improvement in 

comparison to previous methods. 

The proposed algorithm, meticulously detailed in this 

paper, comprises two integral components.  
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The first part, inspired by existing literature, focuses on 

identifying occurrences of partial shading (PS). Subsequently, 

the second part strategically selects measurement points 

(voltage and current) based on the outcomes of the first part, 

ultimately determining the global maximum power point. This 

two-step approach ensures an optimized and rapid response to 

varying shading conditions, leading to improved overall system 

efficiency. 

To validate the effectiveness of the proposed technique, 

comprehensive testing has been conducted under severe 

scenarios. The simulation results demonstrate the robust 

capabilities of the algorithm in accurately identifying and 

tracking the Global Maximum Power Point (GMPP) even in 

challenging conditions. Furthermore, a comparative analysis 

with existing works has been performed, highlighting the 

distinct advantages offered by the presented technique. 

In summary, the introduced fast indirect GMPPT 

technique, coupled with the PID controller, showcases 

promising advancements in mitigating the impact of shading on 

PV systems. The demonstrated improvements in speed, 

accuracy, and adaptability position the proposed method as a 

noteworthy contribution to the field, providing a valuable tool 

for enhancing the performance and efficiency of photovoltaic 

systems in real-world applications. 
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