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ABSTRACT 
The photovoltaic technique is used for converting solar energy into electrical energy. When the PV cell array suffers from partially 

shaded condition the power voltage curves exhibit multiple maxima, this in turn reduces the power output. The conventional 

technique (P&O) fails to track the maximum power point(MPP). The main aim of our proposed system is to track the Global MPP 

(GMPP) by using Differential Evolutionary Algorithm (DE) under various circumstances like partially shaded conditions, Load 

variations and Solar intensity variation by the use of Globalized Search Space. The proposed algorithm is realized in 

MATLAB/Simulink environment and its performance is compared with Perturb and Observation method (P&O). We 

experimentally implementing this DE technique for the solar street light system by automatic ON/OFF control based on timing. 

 

KEYWORDS:  Photovoltaic (PV) array, Maximum PowerPoint Tracking(MPPT), Differential Evolutionary (DE) Algorithm, 

Partially shaded conditions, Cuk DC-DC Converter. 
 

INTRODUCTION 
 
 Now a days exhaustible resources like fossil fuels are being utilized for the vehicles , power generations and 
other applications. We are in the need to switch over to generations which uses renewable resources like Solar 
energy, Wind energy, Tidal energy, Geothermal energy and etc. Solar energy power generation plays an 
important role among them as it is having the advantages like low installation cost, easy maintenance, longevity, 
movement free characteristics. The major concern in utilizing the solar power generation is maintaining the 
efficiency which is affected by the term partial shading due to varying atmospheric conditions, clouds, 
trees,buildings. Power is extracted from the solar energy by using the principle of Photovoltaic(PV) effect, 
where the movement of electrons between the conduction band and valance band which depends on the 
irradiance level of the sun. At normal conditions,the output Power-Voltage curve have a single MPP where the 
maximum power can be achieved. The case is not similar, as the normal conditions gets changed due to the 
partially shading effect which exhibits multiple maxima in the PV curve. In MPPT there are so many techniques 
being developed such as Perturb and Observation (P&O), Incremental Conductance (INC), Ant Colony 
Algorithm (ACO),without considering the effect of partially shading.For the effective utilization of the system 
and to obtain the desired output power DE algorithm is developed to avoid the drawbacks of the conventional 
MPPT techniques. The existing techniques has the high Chance of wrongly predicting the local MPP as the 
Global MPP as it utilizes local  search space.This misprediction leads to sudden drop in the output Power but in 



109    P. Suresh Pandiarajan et al., 2016/ Advances in Natural and Applied Sciences. 10(2) February 2016, Pages: 108-113 

 

the case of our proposed work it utilizes the Globalised search space that helps to track the GMPP more 
accurately by performing DE algorithm iteratively. Hence it maintain the Optimum output power even under 
partially shaded Conditions.         
 Solar street lights are beneficial in the day today running and maintenance cost are reduced, save energy, 
environment friendly and convenient to install but the power source for street lights are still Supplied from the 
grids which are supplied mostly by non-renewable energy sources such as fossil fuels. Automatic street light 
needs no manual operation of Switching ON and OFF. The system itself control the switching based on timing 
and it can be adjusted according to our requirement. This will be advantageous as it is capable of adapting itself 
to the changing seasons.  
 
Photovoltaic Cell: 
 PV cells are grouped in larger units called PV modules which are connected in series/parallel to provide the 
desired output voltage and current capacity. As a result, the Partially shading condition is unavoidable since 
some parts of PV array receive low solar irradiance because of the shadows of the buildings, trees and other 
neighbouring items. Partial shading greatly influences the efficiency of the output  depending on the system 
architecture, shading scheme or even the number of bypass diodes integrated into the PV modules. 
 

 
 
Fig. 1: PV Array under Partial Shaded Conditions. 
 
 There are two series connected PV modules in which one of the module is shaded and thus it will act as a 
load not as a power source due to this it consumes power and dissipates heat. In long term conditions, the PV 
module gets damaged due to localized power dissipation. Hence bypass diodes are used to protect the PV 
modules from self heating during partial shading. Under uniform irradiance, the bypass diodes are reverse 
biased and have no impact whereas during shaded conditions the diode gets forward biased and hence the 
current flows through this diode and not through the PV module, thus it is protected. The drawback of using this 
diode is that it will produce multiple peaks in its output P-V curve. 

 
Overview of MPPT Techniques:     
 MPPT is an electronic system that operates the PV modules in a manner that allows the modules to produce 
all the power they are capable of. There are various MPPT techniques that are explained in this section. 
 
A.Lookup Table Method: 
 In this technique, experimental voltage and current for various irradiance level are calculated  and is stored 
in a table called lookup table. When the PV module is practically implemented the maximum power will be 
extracted from the table for the incident temperature and irradiance value at the panel. But the major drawback 
is that the requirement of larger memory space and it also require prior knowledge about all the possible values. 
 
B.Perturb and Observe Method: 
 The most commonly used algorithm in battery charging with commercial PV modules is P&O method and 
it is easy to implement. Here the operating voltage or current of the PV module is perturbed and the obtained 
power is observed which is used to decide the direction of further changes in the voltage or current.  The 
drawback of this system is that it cannot track the MPP accurately as there will be several peak points and the 
first peak will be considered as the global MPP. 
 
C.Incremental Conductance Method: 
 In this incremental conductance method the array terminal voltage is always adjusted according to the MPP 
voltage it is based on the incremental and instantaneous conductance of the PV module. The slope of the P-V 
curve is zero at MPP, increases on the left hand side and decreases on the right hand side of the MPP. 
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Proposed Work: 
 The main objective of our paper is to make use o the solar panel even under the partial shaded condition 
with maximum efficiency. Hence our work implements its own distinctive methodology DE for partially shaded 
PV array. In the proposed work, the output of the DE controller will act as the duty cycle which is fed to a 
converter to obtain a controlled dc voltage. Then the dc output of the converter is fed to an inverter to provide ac 
output that can be utilized for home appliances and commercial uses. 
 We are implementing the algorithm to glow up a street light system which can be automatically ON and 
OFF without the need of manual operation based on the timings. The experiment is simulated in 
MATLAB/SIMULINK and the result is compared with the conventional P&O technique. The MPPT algorithm 
can be explained by the block diagram given below in which the power extracted from PV module is separated 
to voltage and current and is given to the MPPT controller. 
  

 
 
Fig. 2: Block Diagram of the Proposed De Mppt. 

 
De  Algorithm: 
 DE is an evolutionary algorithm which includes Genetic algorithm, Evolutionary Strategies and 
Evolutionary programming. It operates in four different stages called Initialization, Mutation, Recombination 
and Selection. 
 The upper and Lower bounds for each parameter is selected randomly in initialization stage and the 
Mutation expands the search space of the controller, whose factor F is a constant from [0,2]. Recombination 
includes the successful solutions from the previous generation. Mutation, recombination and selection continue 
until some stopping criterion is reached. The DE operation is explained in the following flowchart. 

 
 
Fig. 3: Flowchart of the Differential Algorithm. 
 
Cuk Converter: 
 A DC-DC converter is an electronic circuit that converts a DC source from one voltage to another. There 
are two modes of operation known as Continuous Conductance Model(CCM) and Discontinuous Conduction 
Mode(DCM). There are five types of DC-DC converter. Buck converter will convert a high voltage source to a 
lower regulated voltage whereas the boost converter will provide a higher regulated voltage. Buck-Boost, CUK 
and SEPIC can convert input voltage into greater than , lesser than or equal to the input voltage.  CUK and 
SEPIC produce an inverted output. The Buck-Boost has poor transient response. CUK is cheaper and is easy to 
design. Hence CUK converter is chosen in our system. 
 The CUK converter produce continuous input and output current. It can either operate in continuous or 
discontinuous current mode and is commonly used to control the PV voltage and current to the load. The CUK 
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converter is using the duality principle on the buck-boost converter circuit. The main feature in this converter is 
the use of a capacitor as the primary means of storing and transferring energy from the input to out, instead of 
using an inductor.Thus the energy transfer can occur in both ON and OFF gated switch intervals.       
 

 
 
Fig. 4: Circuit Diagram of Cuk Converter.  

 

 
 
Fig. 5: Simulation Diagram of Cuk in Matlab. 
 
 From the circuit diagram in figure, When the input voltage is turned on, MOSFET switch gets switched off, 
diode gets forward biased and the capacitor C1 is charged through L1-D.   
 
Microcontroller: 
 The purpose of microcontroller is to control and monitor the speed of the DC shunt motor according to the 
load. It uses an internal Analog to Digital Converter (ADC) and complete one port of reading load and thus the 
speed is controlled. We are using the PIC 16F877A microcontroller which provides the features like high-
performance RISK CPU, only 35 single word instructions, 10-bit 8 channel ADC, Self reprogrammable under 
software control, low power consumption. It uses two types of memory program and data memory, up to 8K x 
14words of FLASH program memory and 368 x 8 bytes of data  memory(RAM) and 256 x 8 bytes of 
EEPROM. 
 
Inverter: 
 An inverter is an electrical device that converts the Direct Current(DC) to Alternating current (AC) of any 
required voltage and frequency by using the appropriate transformers, switching and control circuits. There will 
be no moving parts in solid state inverters and it is widely used in applications requiring small switching power 
supplies in computer to large utility high-voltage DC application that transports bulk power. 
 There are two types of inverters: 1. Modified Sine Wave inverter which produces the wave similar to the 
square wave.  2. Pure Sine Wave inverter which produces nearly perfect sine wave. The electrical inverter is a 
high power electronic oscillator. Inverter has wide range of applications such as DC power source utilization, 
Uninterrupted Power Supply(UPS), Induction Heating, HVDC power Transmission, Variable Frequency 
Drivers, Electric  vehicle Drivers and in air Conditioning. 
 
Simulink Models: 

 
 
Fig. 6: PV Module. 
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Fig. 7: Output Of Panel Simulation. 
 

 
 

Fig. 8: Simulation Output of Cuk Converter. 
 

 
 
Fig. 9:  Modified Sine Wave Inverter. 
 

 
 
Fig. 10: Output of the Inverter. 
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Conclusion: 
 Hence our proposed  paper, tracks the MPP using DE algorithm even at partial shaded conditions, while the 
conventional MPPT algorithm fails to track the global MPP, by performing iteratively. In this paper, the results 
were analyzed in MATLAB/SIMULINK environment and was experimentally implemented for the solar street 
light systems. This paper also compares the results with the conventional MPPT techniques. 
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