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 Photovoltaic (PV) systems have gained more importance as a renewable energy system 

these days due to the abundant nature of raw materials. One adverse effect in 
photovoltaic systems is the partial shading effect. The partial shading results in the 

reduction of PV power. If the shading effect is untreated, excessive heating can result 

in cell burn out and create an open circuit in the shaded string. The reduction in power 
mainly depends on the module interconnection scheme and shading pattern and not on 

the shading area. Different solutions proposed to reduce the effect of partial shading 

include modified MPPT techniques, different array configurations, PV system 
architectures and different converter topologies. This paper proposes a new technique 

of fixed configuration and reconfiguration using switching circuit, microcontroller and 

boosting circuit. 
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INTRODUCTION 

 

Renewables are gaining more attention due to the extinction and price hike of fossil fuels. The energy 

entering the earth from the sun is around 1.5 x 10
18

 kWh/yr. Hence photovoltaic (PV) modules have become one 

of the most important renewable energy sources and their use is gradually increasing in regions that have a long 

sunshine duration and in rural areas. In order to extract more power, the solar panels are connected in series and 

parallel. Conversely, the shadow of objects such as buildings, clouds, birds, etc on PV array certainly lowers the 

system efficiency by reducing the incident sun light. This results in multiple maximum power points (MPP). 

Losses can occur due to scattering, absorption, cloud cover, reflection and climate. One major part for reduction 

in PV power is partial shading. The power reduction in this case mainly depends on module interconnection 

scheme and shading pattern, not on shading area. This can be substantiated as follows: a shaded module in series 

with other unshaded modules limits the string current which in turn reduces the maximum power generated by 

the array (Patel H. and Agarwal V., 2008). Different interconnection schemes such as series–parallel (SP), total 

cross tied (TCT), and bridge linked (BL) have been proposed in the literature (Kaushika N. D. and Gautam N. 

K., 2003),(Salameh Z. M. and Dagher F.,1990) to interconnect the modules in the array. Reduction of mismatch 

losses in the array by changing the interconnection scheme of the modules in PV arrays have been addressed 

(Woyte A., Nijs J., and Belmansa R., 2003), (Picault D., Raison B., Bacha S., de la Casa J., and Aguilera 

J.,2010),(Nguyen D. and Lehman B.,2008). Investigation on different interconnection schemes (Gautam N. K. 

and Kaushika N. D., Apr 2002) reveals that TCT or BL are comparatively less susceptible to electrical 

mismatches. Employing modularized network based on crossties increases the operating life of PV arrays by 

30% (Gautam N. K. and Kaushika N. D., Feb 2002). The electrical performance of a PV module with different 

interconnection configuration such as SP, TCT, BL, SS (simple series), and HC (honey comb) is analyzed 

(Wang Y.-J. and Hsu P.-C., 2011). The five interconnection schemes are compared for their maximum power 

and fill factor and it is found that the TCT configuration shows a superior performance over the other four 

configurations. An electrical reconfiguration scheme (Velasco-Quesada G., Guinjoan-Gispert F., Pique-lopez R., 

Roman-Lumbreras M., and Conesa-Roca A., 2009) is proposed in which the reconfiguration strategy is based on 

a controllable matrix of switches configuring the PV modules in a single string of parallel connected rows 

connected to the load. Under partial shading conditions, the matrix control algorithm reconfigures the PV 
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modules to optimize the current of the single string, i.e., the output power of the system. The effect of change in 

interconnections among the modules within a shaded PV array on its maximum power point (MPP) and a clear 

relationship between the interconnections of the PV modules and their power output was proposed (Lavado 

Villa L. F., Picault D., Raison B., Bacha S., and Labonne A., 2012). The effect of different partial shading 

conditions in the PV array is analyzed using Simulink in the literature (Basim A. Alsayid, Samer Y. Alsadi, 

Ja’far S. Jallad, Muhammad H. Dradi., 2013). A different reconfiguration circuit and charger circuit are 

implemented and researched in the literature (Yanzhi Wang, Xue Lin, Younghyun Kim, Naehyuck Chang, 

MassoudPedram). The literature (Zainab M. Kubba,2013) deals with the study of the effect of partial shading on 

the performance of the PV array using PSPICE simulation. Maximum power extraction from PV arrays under 

partial shading by fixed configuration using SuDoKu pattern is elaborated in (Indu Rani B., SaravanaIlango G., 

and ChilakapatiNagamani, 2013). This method is suitable only for 9x9 PV array. Improved power extraction 

from PV system by using multilevel boost converter and line commutated inverter is dicussed in (Krithiga S., 

AmmasaiGounden N., 2014). All these papers reveal that the modification can be done in any part of the PV 

system to improve the power extraction under partial shading. 

This paper proposes a combination of fixed configuration and reconfiguration method with the use of 

microcontroller. The major loss due to partial shading is reduced by a proper fixed configuration of the PV 

array. Even then if the power loss is more, the PV array is dynamically reconfigured using the switching circuit 

based on the commands from the microcontroller. This structure attempts to reduce the occurrence of shading in 

the modules of the same row thereby maximizing the output power from the array. As a final step, the power 

extraction is maximized by using boosting circuit. The system performance is investigated for different shading 

conditions on a 5 × 4 PV array with conventional interconnection schemes and the results reveal that the 

proposed structure exhibits finer performance under partially shaded conditions.  

 

Conventional Interconnection Schemes: 

The interconnection scheme in a PV array refers to the way in which modules are interconnected to each 

other in the array. The three widely used interconnection schemes reported in the literature (Wang Y.-J. and Hsu 

P.-C., 2011) are the Series Parallel(SP), Total Cross Ties (TCT), and Bridge Linked (BL) configuration. The SP 

scheme consists of a series of modules in a string and a number of such strings are connected in parallel. The SP 

type involves minimum wiring. The BL interconnection scheme is derived from the connections in a bridge 

rectifier. The BL interconnection provides improvement in maximum power point (MPP). The TCT 

configuration is obtained by connecting ties across each junction. The TCT connection gives improved MPP but 

requires maximum number of wiring which adds to additional cable loss (Wang Y.-J. and Hsu P.-C., 2011).  

 

Effect of Shading On Pv Arrays: 

The insolation on a PV module affects the module characteristic significantly. This state can be seen from 

the output current equation of module’s Iph-photo generated current value based on radiation (1). 

Iph = 
𝐺

𝐺𝑛
 𝐼𝑠𝑐𝑛 + 𝐾𝑖 𝑇 − 𝑇𝑛                                                                                                                                    (1) 

As it can be seen in Eq. (1), Iphvalue of PV module is directly proportional to G (W/m
2
) which is irradiant 

intensity. Here, while Iscnshows short circuit current of the PV module, GnandTnare rated radiant intensity (1000 

W/m2) and temperature values (25˚C), respectively. Ki is temperature coefficient of short circuit current. 

 

Proposed Method: 

The proposed method involves both fixed configuration and reconfiguration method to maximize the power 

extraction from the PV array. The PV array is arranged in a fixed configuration pattern. In this paper, the 

minimum distance average based method is used for fixed configuration. This method is based on the clustering 

algorithm of wireless sensor network (HosseinJadidoleslamy, 2014). If the variation in string current is more 

even with this fixed configuration, the reconfiguration method comes into picture to dynamically rearrange the 

PV topology in connection. This is made possible with the help of current sensor, microcontroller and switching 

circuit. In the final step, the reduction in each string current is boosted using a simple booster circuit to obtain 

the fullest maximum power from the PV array. 
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Fig. 1: Block diagram for maximum power extraction in PV arrays 

 

Flowchart For Proposed Method: 

Step 1: To minimize the effect of partial shading, first the initial placement of the PV modules is decided 

with certain criteria. In this paper, 5 x 4 array is considered for illustration. The fixed configuration in this array 

is done with clustering algorithm of wireless sensor networks which is explained in next section. 

Step 2: The string current for each row is measured using current sensor. If the current variation is more 

between the strings, the reconfiguration is carried out with the help of switching circuit. The modules in the 

rows of highest and lowest string current are exchanged in connection to obtain a common string current for all 

the rows. 

Step 3: After reconfiguration, if the string current value is lower than the maximum possible value, the 

boosting circuits are used to boost the current and extract the maximum power from the PV array. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Flowchart for the proposed method 
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The proposed clustering algorithm [13] is based on the WSN’s sensor node deployment location 

coordinates. This algorithm uses the idea: “sensor nodes of similar distance average to other nodes will be put 

into a cluster”. This algorithm involves the following steps: 

 Assumption: count of clusters = K; count of all sensor nodes = N; 

 Calculating distances between sensor nodes to every other sensor nodes in the network; 

 Calculating distance average of every sensor node to other nodes; 

 Specifying the range of distances’ average: DARange = [minimum of distance average, maximum of 

distance average]; 

 Calculating variations’ range of distances; 

 Calculating average of variations rate of distances’ ranges; 

 Determining the ranges of distance average; 

 Determining sensor nodes of each range => it is proportional to determining members of each cluster 

The above algorithm is a centralized and light-weight clustering algorithm for homogenous and large-scale 

WSNs. Using this algorithm, the energy limitation and scalability problems of WSNs can be solved. 

 

Application of Clustering Algorithm In Pv Array Configuration: 

The clustering algorithm briefed in section is used for PV array configuration with some modifications. In 

this application, the sensor nodes are related to the PV modules. The length coordinate is assumed as the number 

of columns. The width coordinate is taken as the number of rows. The steps involved in the proposed fixed array 

configuration are as follows: 

Step1: Select the radix panel. Initialise its coordinates as (0, 0) 

Step2: Calculate the distance between radix panel to other panels.  

D(i, j) = D(j, i) =  (𝑙𝑗 − 𝑙𝑖)
2 + (𝑤𝑗 − 𝑤𝑖)

2                                                                                                            (2) 

Step3: Calculate the distance average for each panel 

DA =
 𝐷(𝑖,𝑗)𝑁
𝑗=1

𝑁
                                                                                                                                                    (3) 

Where N is the number of panels in the array 

Step4: Select the panel with minimum distance average as min-panel. Now rearrange the panels in the 

ascending order of the distances calculated with respect to the min-panel in column wise arrangement. Place the 

min-panel in the last position of the array. 

 

Illustration: 

The above algorithm holds good for m x n PV arrays. This section provides an illustration of the proposed 

fixed configuration algorithm for 5 x 4 PV array under different shading conditions. Applying the above 

algorithm, the distance average values for the panels is obtained as shown in table 1 

 
Table 1: Distance Average of all panels in the 5 x 4 PV array 

Panel No. DA Panel No. DA Panel No. DA Panel No. DA Panel 

No. 

DA 

11 2.5543 21 2.324 31 2.098 41 2.323 51 2.5543 

12 2.2703 22 1.918 32 1.736 42 1.918 52 2.2703 

13 2.2703 23 1.918 33 1.736 43 1.918 53 2.2703 

14 2.5543 24 2.324 34 2.098 44 2.323 54 2.5543 

 

It can be noticed that the panels 32 and 33 are of minimum distance average value. The panel 32 is taken as 

min-panel and the other panels are arranged with ascending order of distances calculated with respect to panel 

32. The table 2 gives the ascending order of the panels with their distances respective to panel 32.  

 
Table 2: Distances of all panels with respect to min-panel 

Panel Distance Panel Distance Panel Distance Panel Distance Panel Distance 

22 1 21 1.414 12 2 13 2.236 53 2.236 

31 1 23 1.414 34 2 24 2.236 14 2.828 

33 1 41 1.414 52 2 44 2.236 54 2.828 

42 1 43 1.414 11 2.236 51 2.236 32 - 

 

Long Narrow Shading: 

A PV array with two distinct groups is considered. The group one receives standard insolation of 1000 

W/m
2
 and the group two receives an insolation of 800 W/m

2
. The shading pattern is described in the fig 3. Here 

less number of columns and more number of rows are subjected to shading, hence the name long narrow. Fig 4 

shows the variation in the string current with conventional configuration and proposed configuration method. 
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(a) 

11 12 13 14 

 21 22 23 24 

31 32 33 34 

41 42 43 44 

51 52 53 54 

(b) 
22 23 52 51 

31 41 11 53 

33 43 13 14 

42 12 24 54 

21 34 44 32 

(c) 
11 12 13 14 

 21 22 23 24 

31 32 33 34 

41 42 43 44 

51 52 53 54 

 

Fig. 3: Shading pattern for long narrow case (a) TCT arrangement (b) clustering arrangement (c) shade 

dispersion with clustering arrangement 

 

 
 

Fig. 4: Variation in string current for conventional and proposed method 

 

Switching Circuit: 

The switching circuit is initiated when the string current variation is more with the fixed configuration of 

PV array. In general, the entire PV array is connected as a single string of parallel connected modules to the 

switching circuit. As the first step, the modules will be connected according to the minimum distance average 

method for fixed configuration. After obtaining the sring current variation among the rows, the switching circuit 

is triggered. To minimize the mismatch between the string currents, the modules in the row with maximum and 

minimum string are exchanged. By this switching, the current variation is minimized which in turn increases the 

power extraction. 

 

Boosting Circuit: 

The simplest form of booster circuit consisting of inductor, capacitor and mosfet is used. Each row in the pv 

array is provided with this circuit. Based on the current sensor output and microcontroller’s output, the 

corresponding booster circuit is activated. 

 

Conclusion: 

The proposed method reduces the effect of partial shading in a step by step manner with better efficiency. 

The use of switching circuit and boosting circuit is decided based on the current sensor output and the command 
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from microcontroller. The major concept in this paper is to avoid the recurrence of the shaded modules in the 

same row by using different techniques. Thus, this paper finds solution for fixed partial shading caused by trees, 

buildings using fixed configuration method as well as for dynamic partial shading caused by passing clouds 

using dynamic reconfiguration method. 
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