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Abstract 
By accurately tracking the maximum energy point (Max-PP), which depends on the board's 
temperature and the irradiance conditions, maximum energy point tracking (Max-PPT) 
techniques are utilized as part of SC (SC) designs to increase the SC panel's output energy. To 
enhance the Max-PPT technique under fractional shading conditions, this paper expands the 
yield of the SC collection. As part of our suggested approach, a novel technique dubbed the 
Judgement table (JT) strategy will be utilized to track the SC collection's maximum energy 
under partial shade conditions, and the extensible particle swarm optimisation (Ex-PSO) 
algorithm will be utilized to optimise the results. The suggested approach also manages the 
grid fault. The results show that Ex-PSO based Max-PPT can promote SC collection to achieve 
the global Max-PP and assist the SC panel in producing more reliable yield management than 
the standard JT method. 
Keywords: Max-PPT; Grid connected SC system, partially shaded conditions; Ex-PSO; J 
Technique. 
 
1.Introduction 

Solar energy systems stand out among other continuously developing renewable energy 
generation schemes because they provide unrestricted, uncontaminated, and ecologically 
beneficial energy [1]. This is due to the rapid growth of electrical energy production and energy 
electronics systems. SC energy stands out as one of the most important energy sources, with 
increased interest in electrical energy claims that are immaculate, contamination-free, and 
limitless, while it presently only makes up a very small portion of electrical energy competence 
and production [2]. One of the most important types of SC context is a grid connected SC (GC-
SC) energy system (PS), in which the production of energy depends on a number of variables. 

GC-SC frameworks [3] are solar SC PSs that produce electricity and are connected to 
the utility grid. They are made up of solar panels (SP), one or more inverters, a energy 
conditioner, and grid connection hardware. Very small amount of energy, primarily single-
phase SC "rooftop" systems are utilized for this, and its dedication to the production of clean 
energy is becoming more widely recognised. One of these frameworks' primary goals [5] is to 
increase the amount of energy supplied to the grid by controlling the panel's highest Intensity, 
lowering the switching frequency, and providing high reliability.  

GC-SC sources are utilized today [6] in a variety of applications, including household 
energy supply, battery charging, swimming pool heating systems, water pumping, satellite PSs, 
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and more. They have the advantage [7] of being sustenance and contamination-free, low 
adaptation proficiency; because of this, the overall framework expenses will be reduced by 
using high-competence energy conditioners. Additionally, they are designed to remove the 
maximum amount of energy possible from the SC phase. 

Another technique known as Max-PPT, which depends on the temperature and 
irradiance states of the panel as well as the load electrical features, has been employed [8] to 
increase the SC panel yield. For displaying the current-voltage characteristics of the SC panel 
under linear irradiation, a singular point called Max-PP has been utilized. The Max-PPT 
controller [9] often runs during the solar unit's dc/dc converter input phase. The innovative DC 
production from SPs has essentially been translated to the lower voltage needed to regulate the 
batteries. [10].  

The organisation of this article is as follows: Section 2 reviews prior research on the 
GC-SC model, Section 3 introduces our proposed optimisation methodology, the Ex-PSO 
algorithm, and comprises the modelling of the projected SC panel using the JT technique, 
Section 4 illustrates the results and the discussion, and Section 5 concludes the work. 
2. Literature Survey 

A maximum control Max-PPT technique for GC-SC frameworks without the mediator 
DC-DC converter phase was published by Antoneta Iuliana Bratcu and Iulian Munteanu [11]. 
The method made utilize of the erratic signal that typically results from the action of the 
framework inverter the DC-connect voltage wave. 

In [12], Ismail Hossain et al. proposed a clever method for a SC system's Max-PPT 
under a variety of temperature and insolation conditions, as well as the transformation of the 
SC energy into a sine wave with a reduced distortion factor (DF) that can be supplied to the 
grid and utilized to good effect by electrical and microelectronic systems.  

Nopporn Patcharaprakiti et al unique .'s approach for Max-PPT using extendable fuzzy 
logic control for GC-SC schemes was proposed in [13]. A boost converter and a single-phase 
inverter coupled to a utility grid formed the structure. 

Using the neuro-fuzzy network, Aymen Chaouachi et al. [14] described a novel 
approach for Max-PPT of a GC-SC framework. It was designed to anticipate the recommended 
SC voltage, ensuring critical energy transfer between the SC creator and the main utility grid. 
A fuzzy rule-based classifier and three multi-layered feed-forward ANN make up the neuro-
fuzzy system. 

In Andrés Tobón et al. [15] .'s discussion of Max-PPT optimisation, a SC board is depicted 
as two diodes. The updated pattern search method was utilized to carry out the enhancement 
while the customary control was realized using a Sliding Mode Control (SMC). 

In the SC age structure arrangement, Y. S. Perdana et al. [16] linked the inclination rate 
control to the prompt relationship of energy storage devices. To increase the efficiency of the 
structure and diminish the number of energy converters, the prompt relationship of the super 
capacitors string and battery amalgamation layout was proposed. The SC structure yield was 
limited by the energy storage system (ESS) to control the fluctuating rate of SC respect 
anticipated incline rate regard. 

By putting up a robust model farsighted control plan, Adel Merabet et al. [17] examined 
the incorporation of SC into movement PSs with grid blame ride-through capability. The 
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control system was installed under normal circumstances and controls the static dc-interface 
voltage. It also provided the grid with the most spectacular energy trade by regulating the 
solidarity control factor.  
3. Optimal Design of GC-SC system 
A. SC model 

A semiconductor diode called a SC [15] cell converts solar energy into electrical energy. 
A SC phase, in actuality, consists of different SC cells. Liable on the application, either a single 
phase or a series-parallel grouping of different phases might be utilized. The solitary diode SC 
model, which is the efficient, uncomplicated, and accurate model, serves as the embodiment of 
the SC phase in this inquiry. Figure 1 shows how this model's identical circuit functions.  

 
Figure 1. Single diode SC model 

The current source, diode, parallel, and series resistances are all included in the single 
diode SC model. The SC phase's fundamental characteristics have been assembled as follows: 

𝐼 = 𝐼௉௛ − 𝐼௥௦ ቂ𝑒𝑥𝑝 ቀ
௏ାோೞூ

௙೔௏೟
ቁ − 1ቃ −

௏ାோೞூ

ோ೛
                 (1) 

Where 𝐼௉௛is the SC current, 𝐼௥௦is the inverse saturation current, 𝑓௜is the diode critical factor, 

𝑅௦is the sequence resistance, 𝑅௣is the equivalent resistance, and 𝑉௧ =
ேೞ௞ ்

௤
is the phase thermal 

voltage.𝑁௦ is the quantity of series associated SC cells in the phase, 𝑘 is the Boltzmann 
consistent(1.3806503 × 10ିଶଷ 𝐽 𝐾⁄ ), 𝑇 is the SC phase temperature in Kelvin, and 𝑞  is the 
electron charge(1.60217646 × 10ିଵଽ𝐶).𝐼௉௛is based on the heat contamination[18]. It is 
communicated by the accompanying condition: 

𝐼௉௛ = ൫𝐼௉௛,௡ + 𝑆𝐶ூ∆𝑇൯
ீ

ீ೙
                         (2) 

Where 𝐼௉௛,௡denotes the SC current under the ostensible circumstance (temperature of 25°𝐶 and 

illumination of 1000  𝑊 𝑚ଶ ⁄ ), 𝑆𝐶ூis the SC current per temperature coefficient, ∆𝑇 is the 
contrast between the real and ostensible temperatures, 𝐺 is the actual heat contamination on 
the phase surface, and 𝐺௡is the solar irradiation under the ostensible situation. 𝐼௉௛,௡and 𝐼௢ can 

be scientifically demonstrated as pursues, 

𝐼௉௛,௡ =
ோ೛ାோೞ

ோ೛
𝐼௦௖,௡                                (3) 

𝐼௢ =
ூೞ೎,೙ାௌ஼಺∆்

௘௫௣൤
൫ೇ೚೎,೙శೄ಴ೡ∆೅൯

೑೔ೇ೟
൨ିଵ

                            (4) 

Where 𝐼௦௖,௡ , 𝑉௢௖,௡are the SC and OC voltages under the ostensible condition, respectively. 

𝑆𝐶௩is the open circuit voltage in relation to temperature. The massive SC energy plant is made 
up of many SC phases that are connected in series and parallel to produce the best yield energy. 
This SC plant's numerical model can be put together as follows: 

𝐼 = 𝑁௣𝐼௣௛ − 𝑁௣𝐼௢ ൥exp ൭
௏ାோೞ൬

ಿಾ
ಿ೛

൰ ூ

ேಾ ௙೔௏೟
൱ − 1൩ −
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൰ ூ

ோ೛൬
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ಿ೛

൰
   (5) 
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Where 𝑁ெthe quantity of series is associated phases in a string and 𝑁௣is the quantity of parallel 

linked strings. 
B. Grid Fault Detection  

When the voltage dip is identified, the framework should obviously change from usual 
activity state to grid fault task status. Along these lines, grid control requires a rapid method 
for identifying voltage sag (VS). In this study, the Root Mean Square (RMS) approach is 
modified to detect grid faults by registering the RMS estimation of grid voltage (GV) using 
Eqn. (7) without further modification, 

𝑈௚ = ට𝑈௚ௗ
ଶ + 𝑈௚௤

ଶ                              (7) 

Where 𝑈௚ௗ is the 𝑑 segment of GV while 𝑈௚௤ is the 𝑞 segment. 

C. Reactive Energy (RE) Calculation and Control 
The solution to achieve the grid requirement despite the GV dip is to utilize the specified 

reactive current (RC) computation as the control reference. The ratio of the required RC to the 
apparent current can be provided piecemeal dependent on the magnitude of VSs. 

𝐼௤ೝೌ೟೔೚
= ൞

0            ,    𝑈௚ > 0.9𝑈௚௡

2 − 2
௎೒

௎೒೙
               ,   0.9𝑈௚௡ ≥ 𝑈௚ > 0.5𝑈௚௡

1               ,      𝑈௚ ≤ 0.5𝑈௚௡

 (8) 

Where 𝑈௚ and 𝑈௚௡are, respectively, the amplitude estimates for the current GV and the 

standard GV. The location estimate of the RC during the voltage drop (VD) is thus defined as: 
𝐼௤

∗ = 𝐼௥௔௧௘ௗ ∗ 𝐼௤ೝೌ೟೔೚
 (9) 

Where 𝐼௥௔௧௘ௗis the estimated current flowing through the grid inverter. The grid inverter's 
RE reference has been kept at zero during routine operations to attain the unity control factor. 
Yet, during a grid fault, the grid inverter must broadcast the necessary RE to facilitate GV 
recovery in accordance with grid requirements. Thus, when the VS is identified, Eqns (8) and 
(9). will establish the location calculation of the RC. 
D. Active Energy (AE) Estimation and Control 

When a low-voltage defect arise, there is a brief imbalance between the energy coming 
from the SC panel and the energy going into the grid, which causes a transient over-current and 
over-voltage in the SC framework. In this way, reducing the imbalanced energy passing 
through the SC framework is the main goal of suppressing the over-current and overvoltage. 
Also, it is essential to generate as much AE as is reasonably possible during VDs to increase 
the amount of energy captured by the SC panel. The maximum permissible active current 
allowed to be transmitted to the grid via the grid inverter while faults occur based on the depth 
of the VS is: 

𝐼௉ = 𝐼௥௔௧௘ௗ ∗ ට1 − 𝐼௤ೝೌ೟೔೚
ଶ                                   (10) 

In the above condition, 𝐼௥௔௧௘ௗ can be determined by Eq. (8). So the most extreme permitted AE  
coursing through the grid inverter during faults can be gotten as, 

𝑃∗ =
ଷ

ଶ
𝑈௚𝐼௉                                   (11) 

The boost circuit controller switches from the Max-PPT mode to the non-Max-PPT 
mode during the GV malfunction. The PI controller has substituted the Max-PPT algorithm in 
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the non-Max-PPT mode to follow the reference calculation of the AE which is determined by 
Eqns. 8, 10 and 11. So, the AE inserted into the grid inverter will be managed by the grid 
inverter's ability to deliver AE during failures, and the extreme energy flowing through the SC 
framework can be condensed. 
E. Proposed Design Strategy 

The JT approach is employed in the modelling of Max-PPT systems. The JT block 
utilizes a range of data to describe important concepts for the yield values. In order to retrieve 
the equivalent yield values from the table for the known key values, modelling performs a 
"look-up" task. In the absence of characterising the key values, JT block measures the yield 
values in light of nearby values.  
a) JT technique  

Because of the JT technique's [20] usage of the fundamental technique, simplicity, and 
ease of implementation, it has been chosen to follow the Max-PP of the SC collection. The JT 
based Max-PPT method produces results relatively quickly and does not necessitate obligatory 
biasing to obtain the Max-PP because it employs a predetermined table to calculate the Max-
PP. Although it can forecast the Max-PP for any number of conditions, the number of sensors 
required and the number of intended values increase gradually as more conditions are added. 
This severely restricts how useful utilising such an actual approach. 

 
Figure 2: Circuit diagram of Technique 

The past data about SC panel, specialised information, and panel qualities at various 
environmental settings are needed and preserved in the JT procedures. The working point is 
then switched to a new Max-PP and gathered in the memory of the Max-PPT's framework. At 
that point, the measured values of the SC panel yield current I-P and output voltage V-P, and 
the noticed energy is contrasted with the accumulated values to trail the Max-PP. During this 
task, the corresponding Max-PP for a constraint is selected from memory and run. In this 
approach, a large amount of data must be kept before finding the Max-PP. 
b) JT technique in our proposed methodology 

A JT is described for our suggested Max-PPT technique taking the experimental data 
into account. The I-V and P-V characteristics of the SC phase are monitored using an electronic 
load, and the results are then obtained using data that has been saved in a digital storage 
oscilloscope. The P-V curve is utilized to obtain Max-PP at various insulation levels. The 
judgement table is constructed using data on voltage and current for various insulation levels. 
The developed model replicates the behaviour of the real SC phase for each given insulation 
degree. Because the calculations utilized with this model are simple. 
c) Ex-PSO Algorithm 
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PSO is a stochastic, population-based pursuit technique that was established using the 
behaviour of bird flocks as its model. Every particle in the swarm that the PSO algorithm 
maintains speaks to a potential solution. Basic behaviour is what particles want to replicate in 
their interactions with one another and in their own successful endeavours. The best particle in 
a neighbourhood has an impact on a particle's position 𝑝௕௘௦௧ as well as the best solution found 
by every one of the particles in the whole populace 𝑔௕௘௦௧. The particle position 𝑃௜ is balanced. 

In PSO, expecting that 𝑁 particles are introduced arbitrarily, where the 𝑖௧௛particle has 
expressed as (12), 

𝑃௜ = ൛𝑃௜భ
, 𝑃௜మ

, ⋯ , 𝑃௜ವ
ൟ                              (12) 

The 𝑖௧௛particle comes into contact with the current global ideal solution and local ideal 
solution (optimal position), which can be understood in Eqns (13) and (14) respectively, 

𝑝௕௘௦௧ = ൛𝑝௜భ
, 𝑝௜మ

, ⋯ , 𝑝௜ವ
ൟ                            (13) 

𝑔௕௘௦௧ = ൛𝑔௜భ
, 𝑔௜మ

, ⋯ , 𝑔௜ವ
ൟ                            (14) 

Flying velocity of the 𝑖௧௛particle denoted as (15) 

𝑉௜ = ൛𝑉௜భ
, 𝑉௜మ

, ⋯ , 𝑉௜ವ
ൟ                             (15) 

Updation of the position and velocity can be spoken to as, 

𝑉௜௝
௧ାଵ = 𝑤 ∙ 𝑉௜௝

௧ + 𝜑ଵ𝑟ଵ൫𝑝௜௝
௧ − 𝑃௜௝

௧ ൯ + 𝜑ଶ𝑟ଶ൫𝑔௜௝
௧ − 𝑃௜௝

௧ ൯       (16) 

𝑃௜௝
௧ାଵ = 𝑃௜௝

௧ + 𝑉௜௝
௧ାଵ                         (17) 

Where,𝑤 is an inertia weight coefficient utilized to modify the extent of seeking the solution 
space, 𝑡 indicates the iterations, 𝜑ଵ and 𝜑ଶ are the learning variables to adjust the learning step, 
𝑟ଵ and 𝑟ଶ are the two random numbers which are common as 𝑟ଵ, 𝑟ଶ ∈ [0, 1]to build the capacity 
of searching arbitrary. The estimation of  𝜑ଵand 𝜑ଶ will be ascertained by utilizing the 
accompanying conditions, 

𝜑ଵ =
ଵ

ଶ
(𝑓௠௔௫ + 𝑓௠௜௡) and                      (18) 

𝜑ଵ =
ଵ

ଶ
(𝑓௠௔௫ − 𝑓௠௜௡)                             (19) 

Where 𝑓௠௔௫is the final fitness value and𝑓௠௜௡ denotes the least fitness value. The inertia weight 
𝑤 can be noted as, in Eqn. (20)  

𝑤 = 𝑤௠௔௫ − (𝑤௠௔௫ − 𝑤௠௜௡) ×
௧೎ೠೝೝ೐೙೟

ீ೘ೌೣ
             (20) 

Where, 𝑡௖௨௥௥௘௡௧ is current number of iterations and 𝐺௠௔௫ is a predefined maximum number of 
generations.  

The typical PSO algorithm has the benefit of a quick convergence rate, but the disadvantage 
is that it needs more function evaluations to solve complex multimodal problems and is prone 
to getting stuck in local optima. The PSO's more extensive applications have been constrained 
by these flaws. Hence the two most significant and interesting goals in PSO research have 
evolved into speeding up convergence and avoiding local optima. Ex-PSO is created to 
strengthen this area of weakness and to accomplish both objectives. The two methods listed 
below in particular can be employed:  

(1) Adjusting parameters depending on knowledge of the particle's current state.  
(2) Prediction based on historical data. 

The suggested Ex-PSO algorithm is shown in the example below. 
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Algorithm 

Initialize P= ൛𝑃௜భ
, 𝑃௜మ

, ⋯ , 𝑃௜ವ
ൟ and 𝑉௜ = ൛𝑉௜భ

, 𝑉௜మ
, ⋯ , 𝑉௜ವ

ൟ  𝑝௕௘௦௧೔ೕ
= 𝑃௜, 𝑡௖௨௥௥௘௡௧ = 0, 

𝑤 = 0.9. 

Calculate 𝜑ଵ and  𝜑ଶ and  𝑔௕௘௦௧. 

Let  𝑖 = 1. 

if(𝑖 ≤ 𝑁) 

Update P and V 

if(𝑃௠௜௡ ≤ 𝑃௜ ≤ 𝑃௠௔௫) 

Evaluate particle 𝑖 and update  𝑝௕௘௦௧೔ೕ
and  𝑔௕௘௦௧. 

Let 𝑖 = 𝑖 + 1 and continue step 7. 

else let 𝑖 = 𝑖 + 1 and continue step 7. 

else consider 𝑡௖௨௥௥௘௡௧ = 𝑡௖௨௥௥௘௡௧ + 1 

if(𝑡௖௨௥௥௘௡௧ < 𝐺௠௔௫) 

go to step 4. 

End. 

Algorithm 1: Proposed Ex-PSO algorithm 
4. IMPLEMENTATION AND RESULTS 

MATLAB has been utilized to carry out the suggested strategy. The JT technique was 
utilized to create the SC collection's I-V and P-V characters, which are depicted in the figures 
in an incomplete shading situation. The P-V and I-V characteristics separately display the yield 
energy and current generated by the SC panel. 

By using our suggested method, the insulation value is arrived by a reliable block, and 
the voltage tuning is indicated by a ramp signal, to obtain the I-V and P-V characteristics. 
Figures 3 and 4 show the I-V and P-V properties acquired using this technique, respectively. 

The JT is then provided the estimates for various insulation levels, enabling it to 
calculate the voltage that corresponds to the given insulation level quickly and easily. To 
measure the open and short circuit current, a pilot board with similar characteristics to the other 
boards in the framework can be utilised. The insulation level may be determined from this 
information, and equivalent information from the judgement table can be obtained. Compared 
to alternative methods, this method tracks the faster and with less complexity. 
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Figure 3: P-V characteristic curve of SCpanel 

The P-V character from the SC collection is depicted in image 3 above. Based on the 
voltage of the SC collection, the yield energy is calculated. According to the preceding graph, 
the output energy increases simultaneously with an increase in the voltage of the SC panel. 
When the voltage is 45V and we apply our suggested way, the SC panel's maximum energy is 
4.9W. 

 
Figure 4: I-V characteristic curve of SC panel 

Figure 4 utilizes the I-V characteristics curve to illustrate the current that SC collection 
delivers in a fractionally dark environment. The quantity of voltage will be utilized to determine 
the current measurement, just like the P-V curve. When the voltage is raised, the equal amount 
of current will decrease according to the I-V characteristics. Along with the useful operating 
voltage of 0V to 50V, the amount of current produced is approximately 0.11A. 

The normal PSO algorithm is linked to the energy generation of the predicted Ex-PSO 
method. The JT based Max-PPT responds more quickly, which means that its optimal point 
locating time is shorter than that of the conventional model, according to the results of the 
investigation under various test situations. The predicted JT-(Max-PPT) not only reduces the 
complexity of the entire system but also compresses the tracing time and replication time for 
multiple interfacing frameworks like GC-SC classifications. 

The results of the suggested control test are shown in the following figures for various 
VS scenarios and times. Figure 5 shows anon-linear single line to ground fault that causes the 
afflicted phase's voltage at PCC to decrease to 70% in less than 150 milliseconds. Thus, the SC 
system should supply the grid with 0.6 p.u. of RC and 0.8 p.u. of active current during the fault 
time (0.45-0.6) s. Hence, adding RE during this period will aid in the voltage recovery. AE, 
RC, and other values are reset to their pre-fault values after the VS has been eliminated. 
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Figure 5: Fault with VD is 30% (VS is 70%) for 625 ms. 

A symmetrical three-phase failure is shown in Figure 6 with the greatest possible VD 
(VS= 15%). In this situation, the standard mandates charging the grid with 100% RC. Hence, 
the inverter maintains its connection to the grid and supports it with 100% (1 p.u.) RC when 
the AE is 0. 

 
Figure 6. Fault with VD is 85% (VS is 15%) for 625 ms. 

Figure 7 depicts an unsymmetrical line-to-line (LL) grid failure with a 92% VS and a 
period of 150 ms. The inverter should remain connected without injecting any RE because the 
voltage is still in the dead band (between 0.9 p.u and 1.1 p.u), and the voltage at the affected 
phases is more than 90% of the nominal voltage (V pg>0.9 V gn). The generation of AE should 
also continue at full capacity based on the weather. Although a VS has been identified, the 
inverter is still connected for the length of the fault ride-through despite not supplying any RE. 
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Figure 7: Fault with VD is 8% (VS is 92%) for 625 ms. 
Figure 8 shows how the inverter grid control system responded to a two-line to ground 

(2LG) fault that caused the voltage to drop to 60% of its nominal value. According to grid 
requirements, the inverter should support 100% (1p.u) responsive current with a 40% drop in 
voltage. It is clear from the numbers that the inverter maintained the grid with the necessary 
respect. As the grid is receiving 100% of the receptive current, there is no dynamic current and 
hence no dynamic energy. The VDs to 30% of its stated value when a fair three-stage voltage 
decrease (70%) occurs at the grid side for 625 milliseconds. 

 
Figure 8. Fault with VD is 60% (VS is 40%) for 150 ms. 
 
5. CONCLUSION 

To quickly locate Max-PP under a variety of lighting conditions, this paper investigates 
the SC array performance utilising Ex-PSO based JT approach. Once the SC array is present 
in partially shadowed situations, the energy generation of the suggested PSO-based JT is 
studied. Moreover, it lessens the SC interfacing scheme's computing requirements. With the JT 
approach, electrical load is utilized to coerce the necessary data from the realistic characteristic. 
The JT is created in MATLAB and put to the test with varying illumination restrictions. The 
suggested Ex-PSO based JT's output energy generation is equal to that of the traditional PSO 
in terms of output energy. The proposed method attempted to maintain voltage at defined 
values under normal conditions and reduced voltage fall in the error situation. Thus, the SC 
energy plants can contribute to the stability and dependability of the grid. 
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