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Abstract— The photovoltaic (PV) module has been the interface of electrical energy generation from 
the solar irradiation. The solar radiation, ambient temperature and solar cell temperature are not 
constant throughout the day. So, the maximum power condition varies all the time due to which the 
efficiency of PV cell decreases. To increase the efficiency of PV cell maximum power point tracking is 
used. Maximum Power Point Tracking (MPPT) is an algorithm that includes charge controller that is 
used for extracting maximum power available power from PV module under certain conditions. In 
addition to the above conditions, the irradiance on PV module is non-uniform due to shading of trees, 
clouds etc., called partial shading. Using conventional MPPT technique such as Perturb and Observe, 
Incremental conductance, Hill climbing it is not possible to track maximum power condition in partial 
shading condition. The main objective of the present work is to consider MPPT even during partial 
shading conditions such that the overall efficiency of the system is improved. 

In this paper, a non-linear optimization technique called Golden Section Search (GSS) is used to track 
maximum power. The GSS method has the advantage of converging fast to extremum conditions even 
under partial shaded conditions. 

A tool has been developed using MATLAB modelling the PV module operation under partial shading 
conditions and the result obtained is validated with existing work in the literature. 
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I. INTRODUCTION 

     Major sources for generating electricity are non-renewable energy sources such as coal, gas, nuclear etc. 
are extracted in large amount so their availability is reducing continuously. It takes more time to replenish these 
sources. So, it is necessary to choose the alternative sources called Renewable energy sources like sun, wind, 
biomass, tide, geothermal etc. which are always available in nature. The power generation from these sources is 
intermittent. 

         Solar power generation involves clean, noise less operation. The main component which generates 
electricity from the solar is the PV cell. The PV cell converts visible light into Direct current (DC) based on 
photovoltaic effect. 

 
 
 
 
 
 
 
 
 
 

Figure1. Block diagram of PV system. 

The main objective in designing the PV panel is to absorb the sunlight and convert it into required form of 
energy. To convert the obtained voltage from PV panel to the load voltage a DC-DC converter is used. For the 
system to operate at maximum efficiency, The MPPT charge controller takes the voltage from the PV panel and 
maximizes the amount of current flowing through the battery. 
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A. Classification of MPPT techniques: [3] 

 The conventional methods do not track the maximum power under partial shaded conditions. An optimization 
technique is used to track maximum power under any conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Classification of MPPT Techniques 

B. Effect of irradiance: 
 The output from the solar panel depends on the environmental conditions such as irradiance, 
temperature etc. As the irradiance will not be consistent throughout day, the output of the solar panel also varies. 
The current generated from the solar panel is directly proportional to irradiance.  
C. Literature Review 

The amount of sunshine reaching the solar cells at any moment is referred to irradiance. The irradiance 
which reaches the earth will never be constant throughout the day due to movement of sun and clouds. 
Generally the irradiance that reaches the earth is 1000W/m2. The output of the PV panel depends on its position 
and amount of irradiance reaching module at that place. The position of PV module is not changing, with 
respect to sun’s irradiance so variation in output is observed. So, it is necessary to track maximum power point 
in order to operate the PV module at maximum efficiency. An optimization technique called GSS is used to 
track maximum power under any external conditions. This is a non-linear elimination technique which tracks 
within few iterations and accurately.  

D.PV Cell Design: 
A PV cell is a special semiconductor diode that converts light energy (visible light) into direct current 

(DC). It is generally important to understand the behaviour of PV cell, so it is necessary to make the electrical 
equivalent circuit of a PV cell. [1] 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Equivalent circuit of PV cell 

 

 As shown in figure, the ideal cell can be analysed by having a current source in parallel to diode. But in 
practical, due to losses which are represented by a series and parallel resistances. 

The output current (I) from the PV cell is desired as follows, 

I ൌ I୮୦ െ Iୢ െ I୮                                                                                       (1) 

Where,  

I୮୦- Photo current (A) 

Iௗ-Diode current (A) 

I୮-Current through shunt resistance (A) 
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Where, 

-Working irradiance (W/m2) 

S୬-Nominal irradiance=1000W/m2 

Iୱୡ୬-Short circuit current at nominal conditions (A) 

k୧-Short circuit current temperature coefficient = 0.0032 A/Kelvin 

-Standard temperature (Kelvin) 

T୬-Nominal temperature (Kelvin) 

Iୢ ൌ I଴ ൥exp ቆ
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V୲A
ൗ ቇ െ 1൩                                                             (3) 

Where, 

I଴-Diode saturation current (A) 

-Output voltage (V) 

Rୱ-Series resistance (Ω) 

V୲-Thermal voltage (V)  
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Where, 

I଴୬-Reverse saturation current (A) 
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Where, 

V୭ୡ୬– Open circuit voltage at nominal conditions (V) 

- Diode ideality factor  

V୲୬-Thermal voltage at nominal conditions (v) 

Current through the shunt resistance, 

I୮ ൌ
୚ାୖ౩୍

ୖ೛
                                                                                                    (6) 

Where, 

R୮-Parallel resistance 

Output Current: I ൌ I୮୦ െ I଴ ቎݁݌ݔቌ
ሺV ൅ RୱIሻ

ሺV୲Aሻ
൘ ቍ െ 1቏ െ ൤

୚ାୖ౩୍

ୖ౦
൨    (7) 

D. Partial Shading Effect 
PV power generators are prone to electrical losses if the operating conditions are non-uniform such as in a 

case where part of the modules of a generator are shaded while the rest are receiving the global solar radiation. 
These conditions are called partial shading conditions and they have been recognized as a major cause of energy 
losses in PV power generation. [6], [7].When one(or many) of the module in a solar panel comes under the 
effect of shading(which can be due to trees, buildings, clouds and many more), its voltage drops, so, it works as 
a load instead of working as a generator. The reverse bias on the solar cell, under extreme cases of shading, 
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might exceed its breakdown voltage. In such cases, the cell gets fully damaged, develops cracks and an open 
circuit can occur at the serial branch where the cell is connected. 

To avoid the power consumption of the shaded cells from the unshaded cells a bypass diode is used. 
Bypass diode: 

Bypass diodes are used similar to that of freewheeling diode. These are kept in anti-parallel to a cell or 
panel so as to limit the current flow in opposite direction thereby preventing the damage of cell or panel. [8],[9]. 
Use of bypass diodes helps in supplying power at a reduced voltage rather than no power. Since the bypass 
diodes provide an alternate current path, cells does not carry the same current when they are partially shaded. 
So, the power-voltage curve develops multiple maxima. 

 
Figure 4: Practical PV cell model with bypass diode. 

II. GSS METHOD 

A. Optimization: 

Optimization Techniques: 

       An optimization technique is used to optimize the given objective function. The procedure consists of 
finding the design variable values that results in the best objective function value, while satisfying all the 
equality, inequality and other constrains. 

Advantages: 

1. It yields the best solution within the domain of study. 
2. Requires fewer experiments to achieve an optimum formulation. 
3. It predicts the direction of improvement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure5: Classification of Optimization techniques 

 

Derivation of the Method of Golden Section Search: 
Consider a continues and unimodal function ‘f’ over a given interval [a,b]. A reduction factor is 

required for the search to get minimum iterations. [4], [5], [10] 
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Figure8 (b):  P-V characteristics of PV module at 800W/m2 

The  I-V curve starts from the Isc  at zero volts, to zero current at the Voc. From zero to knee point, the charge 
from the PV panel is independent of output voltage. At the knee of the curve, the charge generation is not 
constant but starts to decrease. From knee point, recombination of charges increases and so the curve starts 
drooping. At Voc, all of the charges recombine internally and finally reaches zero. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 (a): I-V characteristics of PV module for different irradiance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 (b): P-V characteristics of PV module for different irradiance 

With the variation in irradiance, there is a corresponding change in short circuit current i.e., as the irradiance 
increases short circuit current increases. The voltage variation is less when compared with current due to 
irradiance. 
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Table1: Variation in open circuit voltage and short circuit current for different irradiance values 

 
 
 
 
 
 
 
 
 

Results obtained Using GSS Method: 

 
 
 
 
 
 
 
 
 
 

Figure 10(a): I-V characteristics of PV module for 1000W/m2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10(a): P-V characteristics of PV module for 1000W/m2 

At the ‘knee’ of a normal I-V curve is the maximum power point (Impp, Vmpp), the point at which the array 
generates maximum electrical power. By GSS technique, for each iteration a part of section is eliminated and 
required knee point i.e., maximum power point is attained. 

 
 

Figure 11(a): I-V characteristics of PV module for 100W/m2 

 
 
 

Irradiance(W/m2) Voc(V) Isc (A) 

100 28 0.81 

300 30.5 3.1 

500 32.5 6.2 

800 32.5 7.4 

1000 32.5 8.2 
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Figure 11(b): P-V characteristics of PV module for 100W/m2 

Due to the decrease in irradiance, the current generated is decreased due to which the maximum power that is 
generated by the same module is also decreased. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12(a) I-V characteristics of a PV module under partial shaded without bypass diode 

 
Table 2: Variation of I-V curve under partial shaded conditions 

Irradiance(W/m2) V୭ୡ(V) Iୱୡ(A) 

1000(25 cells) 14.9 8.2 

600(39 cells) 22.5 5 
 

       Due to the effect of partial shading, there will be different irradiances on different group of cells of the same 
module. Due to this effect a great change is observed in voltage as the number of cells receiving the irradiance is 
decreased. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure12 (b): I-V characteristics of a PV module under partial shaded with bypass diode 
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Figure12 (c): P-V characteristics of a PV module under partial shaded with bypass diode 

Table 3: Maximum power point of PV module under partial shaded conditions 

 
 
 
 
 
 

Due to the effect of Bypass diode, there exist multiple peaks in output characteristics. The GSS method has 
shown its advantage by performing the search of maximum power point within 5 iterations even with multiple 
peaks. 

IV. CONCLUSION 

This paper concludes the design of PV module with 54 cells connected in series to generate a power of 
210W and 95 W under unshaded (1000W/m2) and partially shaded conditions respectively. Hence, GSS 
technique is used as the optimization method to track maximum power at unshaded and partially shaded 
conditions of the PV module which helps the system to converge in five iterations. 

Table4:  Characteristics of PV module under unshaded conditions: 

 
 
 
 
 
 

Table 5: The characteristics of PV module under partial shaded conditions: 
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