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Abstract: Different PV module layouts make up the integrated photovoltaic cells' core inverter 

architecture. These PV module combinations experience power losses as a result of shade. A MPP 

controller is utilised in conjunction with the established architecture to lessen the effect of shade and to 

extract the most power possible. In this study, an MPPT controller is integrated with all of the string 

integrated converters, which are completely cross tied. MPPT methods such as perturb and observe, and 

incremental conduction are employed for maximum power extraction. Under various shading scenarios, 

each approaches' performance is contrasted and studied. 

Keywords: Maximum power point (MPP), perturb and observe (P&O), shading conditions, 

incremental conduction (IC). 

INTRODUCTION 

Photo voltaic (PV) are the finest resource since the solar energy is limitless and free[1]. PV systems can 

accompany with other sources very easily as they do not have any mobile parts and can last longer than 

20 years[2]. As the renewable sources are the environmentally friendly those are the most commonly 

used resources. Among the different sustainable power sources, the force produced by sunlight based 

(photovoltaic) PV frameworks have been raised 25% per year during the most recent 20 years.[3] PV 

deployment systems have power ratings in different ranges ranging from kilowatts to few megawatts 

[4]. 

To extract the PV arrays maximum energy a control strategy must developed for finding the operating, 

such control strategy is known as maximum power point tracking [5]. The most commonly used 

techniques are perturb and observe (P&O) technique and incremental conductance (IC)[6]. The position 

of the MPP depends on the variation of temperature and irradiances[7]. 

The integrated PV systems are generally associated with the central inverter design and this 

architecture[8] consists of different configurations of PV modules such as parallel, series, cross-tied, 

bridge-linked, honey-comb [9]. Due to the partial shading and mismatching the power output from the 

PV modules decreases[10]. Besides the power losses as the configurations of PV modules exhibits many 
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connections it brings complicacy in the system [11]. The problems caused by inconsistent power losses 

were solved by attaching an anti-parallel bypass diode to each PV module [12]. 

In this proposed architecture 16 strings are used [13]. A single PV string generate 310.03 W of power 

at MPP voltage (43 V) and current (7.21A) at STC conditions. The P-V and I-V characteristics of a PV 

string at different isolation levels [14]. 

1. Proposed block diagram 

The PV array is connected to the DC-DC converter through a DC link capacitor. The array (voltage), 

(current are fed to controller to generate a PWM signal and the signal is given to the DC-DC converter 

[15]. In this proposed block diagram, the MPPT is integrated with the DC-DC converter and then the 

output of the converter is given to the load [16]. The converter generates the voltage according to the 

pulse given by MPPT and final output is given to the load [17]. 

 

 

Fig 1. block diagram of proposed system 

1.1 Proposed system 

In this configuration all the 16 PV strings were cross tied and connected in series and parallel and 

distinguished as row and columns separately [18]. For this PV strings shading effect is created such as 

column shading, row shading, diagonal shading, row and column shading [19]. In the row shading the 

first row is shaded unevenly and in column shading the first column of strings are shaded unevenly and 

in diagonal shading the shading is done diagonally and in row and column shading the first two columns 

are shaded unevenly [20]. 
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Fig 2. DC-DC converter with MPPT 

 

Fig 3. Boost converter 

1.2 Implementation of MPPT: 

 

Fig 4: Implementation of MPPT controller 

The PV voltage and current are provided are provided to the controller as input parameters to generate 

the output control signal [2]1. A PWM signal is generated by comparing the signal with the saw tooth 

signal of frequency of 10 KHZ. To obtain the maximum power the signal fed is applied to SIC [22]. 
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Fig 5. Algorithm of P&O MPPT 

In this method, the voltage increased by the controller taken in small amount from the set and checks 

the output [23]. The power is calculated by taking the values of current and voltage. The change in 

power is calculated by subtracting the previous power value and present power value. If the change in 

power is greater than zero, the change in the values of voltage is taken by decreasing or increasing the 

duty ratios.  

1.3 Algorithm of IC MPPT:  

The controller tests incremental changes in PV array current and voltage within the incremental 

conductance system to predict the effect of a voltage shift. The incremental conductivity test measures 

the maximum power point. If these two are similar, then the MPP voltage is the output voltage. This 

voltage is regulated by controller until the irradiation switches and cycle is repeated. The incremental 

conductance. 
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Fig 6. Algorithm of IC MPPT 

2. Simulation results  

The simulation results of the proposed configuration under various shading patterns using P&O and IC 

MPPT are described in this section.  

Table 1 Specifications of PV module (sharp-nd-62RU2) 

specification Values 

Pmp maximum power 62.006 W 

Voc 10.9 V 

Ioc 7.82 A 

VMPP 8.6V 

IMPP 7.21 A 

Iph 7.8503 A 

Ideality factor 0.89864 

Rs 0.14767 Ω 
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Rsh 38.1127 Ω 

Ns, no. of cell 18 

Kv 0.30849 V/K 

Kl 0.052801 A/K 

 

Based on the different irradiances the shading effect is created as row, column, diagonal, long and 

narrow shading unevenly. The shading pattern contains various insolation levels such as 

300, 500, 800, 1000 . 

 

Fig7: uneven row shading using P&O 

 

Fig8: uneven row shading using IC MPPT 

 

Fig9: uneven column shading using P&O 
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Fig10: uneven column shading using IC 

 

Fig11: uneven diagonal shading using P&O 

 

Fig12: uneven diagonal shading using IC 

 

Fig13: Long and narrow shading using P&O 
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Fig14: Long and narrow shading IC 

Table 2 Comparison of P&O and IC output power (KW) under different shading patterns 

Shading patterns Perturb and 

observe (KW) 

Incremental 

(KW) 

Uneven row 7.1 8.8 

Uneven column 5.02 6.6 

Diagonal 6.5 7.1 

Long and narrow 6.7 7.5 

 

CONCLUSION: 

This article describes PV features, DC-DC converter design, and MPPT method application. The T-C-

T arrangement of SICs is employed in this work to extract the most power. In this study, the outcomes 

of P&O and IC are compared to extract maximum power. The outcomes are contrasted while accounting 

for various shading impacts such as column shading, row shading, and unevenly lengthy and narrow 

shading under various irradiances. Compared to the P&O approach, the IC method tracks power more 

quickly. 
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