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Abstract: Due to partial shading effects on the 
productivity of solar panels which in turn negatively 
impacts the performance characteristics of photovoltaic  

systems, researchers work on different studies to 
overcome this phenomenon and improve solar system 
productivity. Therefore, this study aims to investigate 
different techniques to enhance the output power, fill 
factor, and efficiency of the PV system by reducing the 
number of local maximum power peaks, power losses, 
and mismatch losses. The configurations include a novel 
static reconfiguration technique, called a Screw 
Horizontal photovoltaic array, and a recently developed 
technique known as a Bridge Linkage array. Both of these 
are modeled using MATLAB/Simulink software and 
examined during six shading patterns. The novelty of this 
study is that we combined the above static 
reconfiguration technique with another modern 
technique called blocking and bypass diode technology 
to prevent the effect of reverse current and hotspot 
phenomena respectively. According to the results, the 
Bridge Linkage configuration performs the most 
efficiently under partial shading conditions compared to 
the Screw horizontal PV array configuration. 

Keywords: Bypass diodes; blocking diodes; partial 

shading condition; photovoltaic system; sustainable 

energy  

1. Introduction  

Environmental pollution is widespread as a 

result of population growth, rising electricity 

demand, and the global consumption of millions 

of tons of fossil fuels each year.  

This hurts organisms generally and humanity 

especially. As a result, oil, gas, and 

petrochemical prices fluctuate, despite coal 

being the world's main energy source[1]. 

Various sustainable energy sources, especially 

in electric power generation, can be used instead 

of fossil fuels. Sustainable energy sources 

include wind, nuclear, geothermal, hydraulic, 

solar, and biofuels. Biofuels are a biodegradable 

fuel source derived from wood, agricultural, and 

animal waste [2]. However, electricity can be 

produced in vast amounts by using solar and 

wind energies [3-6]. The study also found that 

green energy consumption decreases CO2 

emissions, while nonrenewable energy 

consumption and economic growth increase 

CO2 emissions [7]. PV technology is suitable 

for producing electricity in different countries 

because of the uniform distribution of solar 

radiation in the world. Some countries are 

located in or near the solar belt and have long 

sunny hours per day, which makes them in an 

optimum location to take advantage of solar 

technologies [8]. In recent years, solar power 

has been considered an excellent alternative due 

to its availability, carbon-free, and sustainability 

without any contamination such as conventional 

fossil fuels [9]. However, installation costs have 
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decreased gradually and its capacity has grown 

dramatically simultaneously [10-12]. 

Solar energy can be converted into electricity 

via two methods: concentrated solar power 

(CSP) and photovoltaic (PV) [13]. By 

concentrating the sun's rays, concentrated solar 

power (CSP) generates heat and steam that 

rotate conventional turbines [14]. Photovoltaic 

cells (PVs) were invented in 1954 by Bell 

Laboratory in the United States [15]. PV 

technology can be employed for standalone 

systems for rural telephone stations, transmitting 

stations, emergency telephones for high-speed 

roads, and cathodic protection. Also, it can be 

used for operating water pumps that are used for 

drinking purposes, as well as irrigation, and for 

street lights, parks, residential buildings, 

heating, and cooking [16]. Variations in solar 

irradiation and temperature may age PV 

modules and reduce power production due to 

higher mismatch losses in the photovoltaic 

module [17-18]. On the other hand, high 

temperatures may cause PV modules to 

delaminate, create bubbles, and cause corrosion 

[19]. However, the construction of large solar 

farms will reduce the consumption of oil and 

gas particularly. In summary, partial shading 

phenomena cannot be predicted and have been 

viewed as the most common problem that leads 

to the reduction of energy productivity produces 

hotspots on the PV module's surface, which 

causes the system's temperature to increase, and 

the shaded modules consume the power of the 

non-shaded modules and dissipate heat [20-21]. 

In this study, we combine between two 

techniques that can enhance the output of PV 

arrays during shading conditions. Firstly, both 

blocking and bypass diodes are used, the 

blocking diode is connected in series with each 

PV string, and the bypass diode is connected in 

parallel with each PV module[22]. Although the 

blocking diode has a small voltage drop (about 

0.7V, 0.4V, and 0.025V for silicon, Schottky, 

and smart diodes, respectively [23]) and the 

shaded PV module will be isolated from 

producing current by bypass diode [24], but 

blocking diode provides high protection against 

reverse current by ensuring the current flows 

from PV modules of each string to the terminal 

output and blocks reverse current from the 

discharging battery to the solar panels when 

solar irradiance is absent [25]. Bypass diode 

provides high protection against hotspot 

phenomena that can burn solar farms during 

shading conditions [26], [27]. Secondly, the 

Screw Horizontal (S-H) and Bridge Linkage (B-

L) static reconfiguration techniques of PV 

arrays are compared under five shading levels. 

A PV array's non-linear power-voltage 

characteristic curve has only one peak when all 

modules of the array receive the same amount of 

light; otherwise, when partial shading occurs, 

the P-V characteristic curve has more than one 

peak point. Among these peaks, only one 

represents true maximum power, and the others 

are called local maximum power peaks (LMPP) 

[28]. However, the procedure of this study is 

shown as a flowchart in Fig. 1. 
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Figure 1. Flowchart of the proposed study 

2. Related Works 

Several topologies of photovoltaic array 

configurations have recently been investigated. 

The analysis results in [29] show the effect of 

shading on the number of maximum power 

points, however, in [30] the performance of 

asymmetrical PV array configurations was 

examined using 6x5 and 5x6 size arrays. As a 

result, the total cross-tied (TCT) of the 5x6 

array produces the highest output power during 

all shading levels as compared to conventional 

PV array configurations. Additionally, the 

current injection method has been proposed in 

various kinds of array topologies. By adding a 

current source in each row of the 4x4 TCT array 

configuration, the authors in [31] proposed a 

novel PV array configuration to enhance the 

performance of the PV system. However, this 

method is quite expensive compared to the other 

methods, and it requires frequent maintenance 

to avoid system damage. It works by injecting 

current into each row of the PV array when 

affected by PSCs. This increases the current 

generated on the PV array to ensure that all PV 

rows operate with an even current. The authors 

in [32] proposed an intelligent reconfiguration 

technique that required a large number of 

switches and sensors. This method is done by 

dividing the PV modules in the array into a 

fixed end and an adaptive bank. Furthermore, 

when the PV modules in the fixed end are 

shaded or malfunctioned, they are switched into 

the adaptive bank. Theoretically, the TCT 

configuration is the most effective configuration 

for improving the global maximum power peak 

(GMPP) under a shading condition since all 

modules are cross-tied and series connections 

are eliminated. Due to the high number of cross-

ties in this setup, cable losses are significantly 

higher in practice [33]. An algorithm based on 

dynamic reconfiguration is discussed in [34], in 

which the PV array is split into two parts - male 

and female. By using current sensing units to 

measure the current produced by each row of 

male and female parts, the controller couples a 

row of male parts generating the maximum 

current with a row of female parts generating 

the minimum current, resulting in even current 

generation in all PV rows. A similar kind of 

dynamic reconfiguration algorithm is proposed 

Modeling the (B-L) and (S-H) 

configurations with silicon bypass 

and blocking diodes using 

MATLAB/Simulink software 

Output the (P-V) and (I-V) 

characteristics curves for 

different shading patterns 

Compare the performance 

parameters of the above 

configurations 

Identify the most 

suitable PV system 

Start 

Input the solar 

irradiance levels at a 

constant temperature 

25℃)

End 
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in [35], where the switching operation is done in 

two steps to achieve the high-power 

enhancement. In the first step, the PV array is 

allowed to operate at its optimal array size, and 

then the system is switched to the second step 

when it is affected by uneven irradiance or other 

faults. This method minimizes the number of 

controls and measuring units in comparison with 

the previous one. Therefore, the overall cost will 

be reduced and the period between the 

establishment of the reconfiguration pattern will 

be shortened. A new method for configuring PV 

arrays is discussed in [36] according to the static 

reconfiguration technique. This method 

compares Parallel-Series (P-S), Total Cross Tied 

(TCT), and Sudoku puzzle array configurations 

under six shading patterns. In all shading 

patterns, the simulation results show that its 

power output is superior to the other 

configurations. It also performs more efficiently 

with minimal mismatch losses, making it a very 

practical design for any size of PV system. 

Furthermore, it is easy to implement and does 

not require any additional devices, sensors, or 

controllers. The researchers in [37] discuss a 

firefly algorithm (FA) that involves switches to 

reconfigure the PV module position during non-

uniform shading to solve the current problems 

of unequal dispersion of shading affecting solar 

panels, multiple peaks, and hotspot phenomena 

that reduce solar efficiency and lead to power 

losses. By using cross-link switches between 

parallel strings of PV arrays, the authors in [38] 

examined the performance of Parallel-Series (P-

S), Bridge Linkage (B-L), and Honey combo 

(H-C) configurations array with the proposed 

Adaptive cross-tied (A-CT) configuration that 

uses 4X5 of 20W PV modules. Therefore, the 

simulation results demonstrate that the A-CT 

PV array configuration has low wiring losses 

because it has fewer cross-tied connections 

between the parallel strings than conventional 

TCT, which is particularly beneficial for large 

PV plants. A study [39] compares the Total 

Cross Tide (TCT), Parallel Series (P-S), and 

Sudoku Puzzle Patterns with novel PV array 

configurations called Screw Horizontal (S-H) 

and Screw Vertical (S-V) Patterns under six 

shading levels. However, the researchers found 

that both (S-H) and (S-V) PV arrays performed 

better in performance analysis than conventional 

configurations. 

We observe from different studies that the 

researchers have found several techniques to 

enhance the performance of PV array systems 

during nonuniform irradiance conditions, these 

techniques are static reconfiguration, dynamic 

reconfiguration, and diodes techniques. 

Dynamic reconfiguration of the PV array is an 

optimum method for reducing mismatch power 

loss under partial shading  [40]. This is done by 

distributing shading effects uniformly 

throughout the array to provide a uniform row 

current. This technique depends on the type and 

position of shading. Although this solution is 

expensive, it increases the amount of power 

generated [41]. Hence, the maximum power 

output of the shaded and unshaded modules can 

be utilized [42]. It’s worth noting, the other two 

techniques are taken into account in this study. 

3. Performance Equations 

The most common parameters that directly 

affect the performance of PV array systems are 

Mismatch Losses (ML)[25], Power Losses 

(PL)[43], Efficiency (ɳ)[39], Fill Factor (FF) 

[33], and Number of Local Maximum Power 

Peaks (LMPPs) as shown in Equations (1) to 

(5). 
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ML(W) = Pm(STC) − Pm(PSC) (1)  

PL (%) =
ML

Pm(STC)
× 100    (2) 

ɳ (%) =
Vmp×Imp( PSC )

Vmp×Imp( STC )
 × 100      (3)       FF (%) =

Vmp×Imp( PSC ) 

Vo.c×Is.c ( STC )
× 100   (4) 

LMPP’s = Sum of peaks in P −

V curve characteristic –  1                       (5) 

Where STC, PSC, Pm, Vmpp, Impp, Vo.c, and Is.c 

denote Standard Test Condition (
1000W

m2
&25c˚), 

Partial Shading Condition, Maximum Output 

Power, Voltage at Maximum Power, Current at 

Maximum Power, Open Circuit Voltage, and 

Short Circuit Current respectively. Despite this, 

there are multiple peaks along the P-V 

characteristic curve when partial shading is 

applied. The actual maximum power is 

represented by only one peak among these 

peaks. Global maximum power peaks (GMPPs) 

are defined as MPPs with the highest power and 

local maximum power peaks (LMPPs) are 

MPPs with lower power. In other words, 

excellent performance occurs when P-V 

characteristics are smooth and LMPPs are few. 

4. Mathematical Modelling 

PV systems need much more energy than one 

solar cell can produce. However, we must 

connect them in parallel and series to obtain the 

optimum voltage and current. Fig. 2 shows a 

typical circuit diagram of a single-diode 

photovoltaic cell, which features an anti-parallel 

diode, a photon current source, and a series and 

shunt resistance. We can get information about a 

PV cell variable using Thevenin, Norton [44], or 

other equivalent circuit analysis methods [10]. 

Nonlinear Equation (6) shows the output current 

of a single PV cell [45]. To solve this equation, 

we must use the mathematical iteration method. 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑜 [exp (
𝑞(𝑉𝑝𝑣+𝐼𝑝𝑣𝑅𝑠)

𝐴𝑁𝑠𝐾𝑇
) − 1] −

𝑉𝑝𝑣+𝑅𝑠𝐼𝑝𝑣

𝑅𝑝
          

 (6) 

Where 𝐼𝑝𝑣, 𝐼𝑝ℎ, and 𝐼𝑜 indicate to current of the 

PV cell, Photo-current, and reverse saturation 

diode current respectively. Also, 𝑞, 𝑉𝑝𝑣, 𝑅𝑠, and 

𝐴 refer to the charge of the electron (1.6 × 

10−19 C), the Output voltage of the solar cell, 

Series resistance, and the Ideal factor 

respectively. In addition to the above, 𝑁𝑠, 𝐾, 𝑇, 

and 𝑅𝑝 indicate the number of series solar cells, 

Boltzmann constant (1.38 × 10−23 J/K), 

Temperature of the solar cell, and Parallel 

resistance respectively. Screw horizontal (S-H) 

configuration array is constructed using 

Equations (7) and (8), depending on the size of 

the array generally and the number of columns 

specifically, where these equations are applied 

to odd and even numbers of columns, 

respectively [39]. 

 

 
Figure 2. Equivalent circuit of singe diode photovoltaic cell. 
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𝑃𝑉𝑅𝑂𝑊𝑘
= [𝑃𝑙 𝑚] = [(1)(𝑘)  (2)(𝑘 + (𝑧 − 1))  (3)(𝑧 + 1)  (4)(𝑘 + (𝑧 − 2))  (5)(𝑧 + 2) …

(𝑧 − 1) (𝑘 + ((
𝑧 + 1

2
) − 1) (𝑧) (𝑘 + (

𝑧 + 1

2
))]                        (7) 

𝑃𝑉𝑅𝑂𝑊𝑘
= [𝑃𝑙 𝑚] = [(1)(𝑘)  (2)(𝑘 + (𝑧 − 1))  (3)(𝑘 + 1)  (4)(𝑘 + (𝑧 − 2))  (5)(𝑘 + 2) …

(𝑧 − 1) (𝑘 + ((
𝑧 + 2

2
) − 1) (𝑧) (𝑘 + (

𝑧 + 2

2
))]                       (8)

This study compares Screw Horizontal (S-H) 

performance parameters with Bridge Linkage 

(B-L) photovoltaic 9x9 array configurations 

during different shading patterns. A bridge 

linkage (B-L) configuration is based on total 

cross-tied (TCT), but the main advantage over 

TCT is that it has fewer ties, installation time, 

and cable losses than TCT. To construct a 9x9 

screw pattern array configuration, the 

mathematical Equation (7), substituting the 

values of (k) indicating the number of rows, and 

(z) representing the number of columns size, is 

used. As a result, first row includes P11, P29, 

P32, P48, P53, P67, P74, P86 and P95, second 

row includes P21, P39, P42, P58, P63, P77, 

P84, P96 and P15,third row includes P31, P49, 

P52, P68, P73, P87, P94, P16 and P25, fourth 

row includes P41, P59, P62, P78, P83, P97, 

P14, P26 and P35, fifth row includes P51, P69, 

P72, P88, P93, P17, P24, P36 and P45, sixth 

row includes P61, P79, P82, P98, P13, P27, 

P34, P46 and P55, seventh row includes P71, 

P89, P92, P18, P23, P37, P44, P56 and P65, 

eighth row includes P81, P99, P12, P28, P33, 

P47, P54, P66 and P75 and the last row includes 

P91, P19, P22, P38, P43, P57, P64, P76 and 

P85. 

5. Results and Discussion  

This study discusses two topology methods: The 

Diodes method and the Static reconfiguration 

method. Therefore, we compare two 9x9 

arrangements, the first arrangement uses silicon 

bypass and blocking diodes along with a screw 

horizontal photovoltaic array, and the second 

arrangement uses similar diodes but with a 

bridge linkage static photovoltaic array. Thus, it 

is necessary to design and model different 

topologies with computer software such as 

Matlab/Simulink, Scilab, NI Multisim, or PSIM 

to evaluate the effects of shading on the 

behavior of I-V and P-V characteristics of 

photovoltaic systems. The simulation method is 

simpler and cheaper than the practical method, 

which allows a large number of PV modules to 

be connected or modified quickly and easily. 

Moreover, the transient response of the P-V and 

I-V characteristic curves of the system can be 

observed clearly in the simulation analysis, and 

a large number of complex nonlinear equations 

or iterations can also be solved more easily. 

Therefore, the study investigated possible 

solutions and used several tools of 

MATLAB/Simulink to explore shading's effects 

on PV modules. Thus, Fig. 3(d) shows three 

subsystem blocks that are modeled and 

implemented using MATLAB/Simulink. Two of 

these represent the suggested PV configurations 

and one represents the irradiance block. 

However, the content of the subsystem 

irradiance block is shown in Fig. 3(c). as well 

as, the proposed shading patterns are shown in 

Fig. 4. It is worth noting that the PV modules 

specifications at Standard Test Conditions 
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(STC) that we use to build proposed arrays are 

voltage at open circuit (Vo.c), current at short 

circuit (Is.c), current at maximum power (Imp), 

voltage at maximum power (Vmp) and rated 

power (Pmax) which are 11.5V, 1.25A, 1.1A, 

9.09V, and 10W respectively. Therefore, due to 

environmental variation especially temperature 

and solar radiation, the practical system will be 

different from (STC). During random shading, 

Figure 4a shows that the output power of the 

Screw Horizontal configuration is 352.11W and 

for the Bridge Linkage configuration is 394.2W. 

As shown in Fig. 4b, the Screw Horizontal and 

Bridge Linkage configurations generate an 

output power of 590.2W and 631.6W, 

respectively, under short and narrow shading 

conditions. However, when partial shading 

conditions are short and wide as shown in Fig. 

4c, Screw Horizontal will generate 427.4W and 

Bridge Linkage will generate 434.5W. The 

Screw Horizontal and Bridge Linkage 

configurations, as shown in Fig. 4d, produce a 

maximum power of 554.8W and 620.1W during 

the partial shading test, whereas the long and 

wide partial shading test in Fig. 4e generates 

maximum power of 398.3W and 454.3W 

respectively. Fig.5  to 9 show the simulation 

results that show Power versus Voltage (P-V) 

and Current versus Voltage (I-V) characteristic 

curves during five levels of shading patterns: 

random, S&N, S&W, L&N, and L&W.  

 

 

a) Screw Horizontal PV Array  b) Bridge Linkage PV Array  

 
c) Irradiation Block d) Simulation System 

 
Figure 3. Simulation Through MATLAB/Simulink 
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a) Random             b)Short and Narrow                    c)Short and Wide 

       
d)Long and Narrow       e)Long and Wide                                       

Figure 4. Proposed Shading 

 

  
Figure 5. Random shading characteristics (P-V and I-V curves) 
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Figure 6. S&N shading characteristics (P-V and I-V curves) 

  
Figure 7. S&W shading characteristics (P-V and I-V curves) 

  
Figure 8. L&N shading characteristics (P-V and I-V curves) 
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Figure 9. L&W shading characteristics (P-V and I-V curves) 

 

According to the above characteristic curves, we 

can obtain the solar system's maximum power 

point and its voltage and current at that point. 

However, based on these values, we can apply 

Equations (1) to (5) to measure the performance 

analysis parameters that are shown in Table 1. 

Furthermore, the highest values of maximum 

power, voltage at maximum power, current at 

maximum power, fill factor, and efficiency 

indicate the system has the most efficient 

performance, otherwise, the lowest values of 

mismatch losses, power losses, and number of 

local maximum power peaks show that the 

system has the most optimal performance as 

well. Fig. 10 shows a comparison of the 

system's performance during five shading 

conditions. 

 

Table 1. Simulation results and performance analysis 

Configurations Screw Horizontal (S-H) Bridge Linkage (B-L) 

Shading patterns Random S&N S&W L&N L&W Random S&N S&W L&N L&W 

Pmax (W) 352.1 590.22 427.47 554.86 398.34 394.2 631.63 434.51 620.12 454.38 

Vmp (V) 67.04 63.29 66.90 65.13 65.65 77.72 83.61 77.38 82.74 75.708 

Imp (A) 5.25 9.325 6.3889 8.518 6.06 5.071 7.55 5.614 7.49 6.001 

FF (%) 30.07 50.41 36.51 47.39 34.023 33.67 53.95 37.11 52.96 38.810 

ML (W) 449.55 211.44 374.20 246.81 403.33 407.45 170.03 367.16 181.55 347.29 

PL (%) 56.07 26.37 46.67 30.78 50.31 50.82 21.21 45.79 22.64 43.321 

Ƞ (%) 43.92 73.62 53.32 69.21 49.68 49.17 78.78 54.20 77.35 56.67 
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Figure 10. Performance comparison of proposed solar systems 

6. Conclusion 

According to the simulation results, the Bridge 

Linkage PV array configuration performs better 

than the Screw Horizontal array under partial 

shading conditions (PSCs). However, by 

comparing these photovoltaic array 

configurations, the maximum output power 

(Pmax) of the (B-L) array is superior by 42.1W, 

41.41W, 7.04W, 65.26W, and 56.04W 

respectively, furthermore, it produces higher 

percentage fill factor (FF) of 3.6%, 3.54%, 

0.6%, 5.57%, and 4.787% respectively, 

compared to the (S-H) array. A Bridge Linkage 

array is more efficient than a Screw Horizontal 

array in the sense that (S-H) configuration has 

higher power losses by 5.25%, 5.16%, 0.88%, 

8.14% and 6.99%, respectively, as a result (S-H) 

array has higher mismatch losses by 42.1W, 

41.41W, 7.04W, 65.26W, and 56.04W 

respectively, as compared with (B-L) array. 

Additionally, the number of (LMPPs) represents 

one of the critical elements in determining the 

performance of PV systems, although most 

researchers do not give it any importance in 

their studies; therefore, the smoothest P-V curve 

(least number of LMPPs) indicates the most 

suitable configuration; however, the (B-L) array 

has a fewer number of LMPPs according to all 

shading conditions except (S&N) shading, 

where both configurations are equal. As for 

voltage and current at the maximum power 

point, the (B-L) array has higher voltage 

productivity by 10.68V, 20.32V, 10.48V, 

17.61V, and 10.058V respectively, but the (S-H) 

array has better current productivity by 0.179A, 

1.775A, 0.7749A, 1.028A and 0.059A 

respectively, than the (B-L). 

When comparing the proposed configurations 

with [39] It can be observed. The authors in [39] 

do not examine all performance parameters that 

indicate which PV system is better, but they 
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focus on efficiency and maximum output power 

only. To determine which PV array would be 

better, we considered all performance 

parameters, including maximum output power, 

fill factor, mismatch losses, power losses, 

efficiency, and number of local maximum 

power peaks, as well as voltage and current at 

global maximum power peaks. Moreover, the 

authors in [39] use only the Static 

Reconfiguration Technique, while the proposed 

study combines the Static Reconfiguration 

Technique and Diodes Technique (Blocking and 

bypassing diodes). Although these diodes have a 

small voltage drop when they are operating 

under forward bias, bypass diodes offer 

excellent protection against fires caused by 

partial shading, and blocking diodes provide 

excellent protection against reverse currents 

from a discharging battery during the night.  As 

a result, our study can be implemented 

practically and safely as compared with the 

study in [39] which cannot be implemented in 

practice. Lastly, our study compares two 

modern configurations (S-H) and (B-L), while 

[39] compares screw structure propagation 

arrays with old configurations such as (P-S), 

(TCT), and Sudoku configurations. 

Future Work 

1. Implemented our PV system practically. 

2. Modify the type of bypass diodes and 

blocking diodes to another type to 

minimize the forward bias voltage drop. 

3. Taking into account cable losses. 

4. Measure the estimated life of each 

configuration. 

5. A modern algorithm is used to overcome 

the multiple peaks in the PV system's 

output characteristics curve. 

6. PV system behavior during loads should 

be checked. 

Acknowledgments 

This scientific paper is part of a master's thesis 

in the Electrical Engineering Department, 

College of Engineering, Mustansiriyah 

University. As well, the authors would like to 

thank each person at the university who assisted 

in completing this scientific paper. 

Abbreviations 

ML Mismatch Losses 

PL Power Losses 

ɳ Efficiency 

FF Fill Factor 

STC Standard Test Condition  

PSC Partial Shading Condition 

Pm Maximum Output Power 

Vmp Voltage at Maximum Power 

Imp Current at Maximum Power 

Vo.c Voltage at open circuit condition 

Is.c Current at short circuit condition 

GMPP Global maximum power peak 

LMPP Local maximum power peak 
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