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Abstract 
 
The Sunlight is directly converted into electricity by using PV system. Load 

to the solar PV panel is connected through converters and converters are 

mainly used to change the voltages. Converters DC-DC and inverters DC-AC 

are utilized in this work. Boost converter is mainly implemented in this work 

to build up the voltage. Discrete powers are developed due to shading effect. 

Both P&O and CSO are used to handle the shaded conditions which are 

much easier than other methods. CSO is a search-based technique used in 

this work and the main merit of this type algorithm is the absence of 

maximum power oscillations which make the energy loss at steady state to 

zero. Tracking capability, convergence speed and transient power 

fluctuations are the main reasons for using CSO in partial shading conditions. 

This algorithm is taken from the parasite reproduction in cuckoo birds which 

are used to observe the maximum power and it is a control scheme and cost 

of expenditure is low. In this paper, 2 cases are taken, with and without 

shading and the results are compared. MATLAB simulation is performed and 

the results are observed and presented. 
 

Keywords: DC-DC Converter, Partial Shading, Partial Power Processing, 

Cuckoo search optimization (CSO), Perturb & Observe (P&O),  Maximum 

Power Point Tracking(MPPT). 
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1 Introduction 
 

Electricity usage is drastically increased with the adventure of industrial 

revolution in the present era. Fossil fueled power generated plants are used 

now a days for power generation. Greenhouse gases are emitted into the 

world mainly by the fossil fuels about ¾ th contribution. Solar systems are 

very clean type of energy and power generated from it will not cause any 

damage to the environment. The Main advantage of solar system is, it is 

affordable, reliable and flexible[5].They have less impact of environment and 

produce almost a little waste products namely carbon dioxide or other 

pollutants, and so has a minimal environmental impact[1]. Maintenance cost 

for the renewable type of systems is very low. This type of energy production 

is seen in hilly, rural etc places where the energy requirement is poor. In 

view of the climatic conditions, it is fuel free, no noise and eco-friendly. 

Irradiance and temperature play a major role in the PV panel. Modules are 

some set of cells, and set of modules give array. Voltage output, current and 

power are discovered by connection of series-parallel of solar cells[2]. 

Solar photovoltaic system has been introduced vastly. In each area, 

where the necessity of power is high, besides the government power  plants 

are laid. Based on the size, diameter and length of the panel, production price 

varies. For a DC-AC inverter, a fixed DC voltage is maintained by the Boost 

converter. Power quality problems are noticed with electric transportation 

and focus on the load tied to grid. Power factor is made controllable by a 

technique called harmonic modulation in the power factor correction 

operation.In this paper, the work used in the Incremental conductance 

method is to observe the power maximum with the panel of PV and also it 

removes the controlling of PI [14].To consume very top voltage gain, usage 

of boost converter is discussed [10], in which PV is also taken. Losses are 

made to be low and different procedures for complex problems are taken. 

One switch is enough to obtain the top rated voltage. In order to have low 

ripples, better power factor and reactive power in one phase distribution 

system, cascaded seven step H bridge is implemented. Suitable algorithm is 

taken into the system to change the load currents present into fixed 

coordinates reference frame and assumption of top level of load current 

amplitude [12].The PV block has a quadratic step-up converter connected in 

between module of PV and load as power conditioner. For obtaining the duty 

cycle, the current and voltage of module of PV values are given to the MPPT 

algorithm [6]. Boost based partial converter is used which gives high 

efficiency when taken similarities with dc-dc. Strings shading and un-

shading are put into view by keeping temperature value fixed and change in 

irradiance value. In this system, to have the proper efficiency, implemented 

is the distributed MPPT technique. Efficiency is improved, losses are 

reduced, and cost and size of model also reduced. Two DC-AC inverters 

which incorporates pumping frame is tied to open end winding induction  
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motor. It develops output potential for four step inverters and made to run 

under different climatic conditions [13]. 

Many algorithms have been discussed, among them, more widely used 

are perturb and observe (P&O), Incremental conductance are frequently used 

methods for MPPT. They fail to bring out the correct output power. So many 

intelligent methods like fuzzy logic control, cuckoo search optimization, ant 

colony optimization, artificial neural network, particle swarm optimization 

etc are used for partial shaded models. PV MPPT is energizing back to back 

with seven step H tied with dc-dc converter for one phase frame system with 

synchronous reference frame[11], where by taking into consideration of 

IEEE519-1992 standard, THD% of current harmonics are maintained and 

also power factor, reactive current  and harmonic compensation are laid 

within the boundary limits. Power quality of the system is improved [11]. 

In this work, we are using cuckoo search optimization because its gaining a 

great advantage in recent times in solution of variety no of problems.  

Here, we follow certain pattern for performing the procedure and to 

process the entire list of study of paper.  It follows as: 2. PV panel, 3. Cuckoo 

Search Algorithm, 4. MPPT Controller, 5. Results and Discussions, 6. 

Conclusion and References. 

 

2 PV Panel 
 

Photo-voltaic cells have p–n junction characteristics. The open circuit 

behaves like a diode. It introduces the electrical energy by making use of 

photons. Photo-voltaic plate grind two separate single cell which are joined 

to create a module and a module usually comprises of 36 or 32 cells made of 

silicon. Silicon cell takes the materials like single crystalline, multi 

crystalline, formless, Cadmium Telluride, Gallium Arsenide, organic cell of 

PV. The power noticed from one module cannot reach the maximum point 

and so modules are made into series or parallel arrangement to distribute the 

voltage or current. A solar cell is made parallel in contact with the diode 

which is a basic circuit [4]. In some situations, we see two and three diodes 

placed in. In Fig.1, the basic network with diode is seen. It consists of a diode 

with source in parallel and a shunt resistor is arranged in opposite to it which 

speaks the voltage drop. Photo-voltaic cell is a nonlinear system in view with 

the temperature and irradiance condition [3]. 

 
Figure 1: Solar Cell Equivalent Circuit 
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The solar cell of I-V curves is shown below which allows for the robust 

MPPT development and the equations are 

             (1) 

I= Ipr-Io             (2) 

 

in which sun oriented cell Current (An) is I,  diode momentum (A) is Id, 

and charge of electron is q (1.6×10-19), and Boltzmann constant is K 

(1.38×10-23J/K), in kelvins,  cell temperature is T,  V is the voltage output, 

Rs is series resistor obstruction, Rsh is shunt opposition.  

For most part, V-I characteristics of a PV exhibit are non-direct , so it is 

hard to follow the MPPT. Fig.2 indicates V-I qualities and Fig.3 demonstrate 

attributes of P-V under settled light and temperature conditions. 

 

 
Figure 2: V-I characteristics 

 

 As voltage is changed, current changes and at a particular point, we 

observe a point of intersection, where we see maximum power point of V 

imp and I imp.  

 

 
Figure 3: V-P characteristics 

 

This curves shows the maximum power at a point with change in the 

voltage with power. 
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3 Cuckoo Search Algorithm 
 

Many algorithms have been developed in the recent times. For problem 

solving of the system, random search algorithms are used. The search used is 

not random truly because in the algorithm, we notice a mechanism which 

explains the search and so, solution of the system is improved by iterations.  

Two basic functions of the new algorithms are exploitation and exploration. 

Cuckoo search algorithm is one which is developed by the nature. In 2009, 

the algorithm can into existence by Suash Deb and  Xin-She Yang. In this 

birds lay the eggs in other birds nest. Optimization algorithm is basically 

laying the eggs and breeding of cuckoos. Cuckoos mainly has two forms 

eggs and mature cuckoos. Mature cuckoos lay the eggs in other birds nest, 

when they are killed by host birds, they develop into mature cuckoo.  

Brood parasitism are mainly three types: nest take over, intra-specific 

brood parasitism, cooperative breeding. Some cuckoo species have cuckoo 

mimic color and the eggs are made to arrange by some host species. This 

leads to the increase of reproducing of eggs. 

 

3.1 Levy Flights 
 

In this paper, finding the location of the required host birds nest is an 

vital point in cuckoos reproduction scenario. It is similar like searching for 

food, which is random or quasi random. In the process of searching for food, 

animals take proper directions by modeling them in mathematical equations. 

Levy flight is the most commonly used model and the step size has a levy 

probability distribution [7].  

 

3.2 Method of Optimization 
 

It mainly starts with the no of cuckoos present initially. In some other 

birds of nests, these produce eggs. Eggs which are similar to host bird’s eggs 

can grow up and turn into a mature cuckoo. By the host bird, left over eggs 

are killed.  The eggs developed remember the greatness of the shelter they 

living in that place.  Benefits are more in that area when the living of the 

eggs is more in that area. The place where more no of eggs live will be 

termed as CSA which is to be optimized [9].In order to maximize the 

survival rate, Cuckoos find out the appropriate place to lay the eggs. Other 

eggs develop and grow into mature cuckoo, which form societies. To live, 

each society has their habitat location. So, all the societies best habitat will be 

the cuckoo’s destination in all other societies and to the suitable place, they 

arrive then. Near to the best habitat, somewhere they will inhabit. A demand 

flight is essentially irregular stroll from which the progression sizes are being 

removed for collecting disseminations. Because of flight system, step sizes 

for Cuckoo Search (CS) are generally bigger than the ordinary PSO [8]. 
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Figure 4:  Flowchart of Cuckoo Search Algorithm 
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The above Flowchart depicts that , we first initialize the parameters of 

the system with components n, Pa, maxit_J, t=1. By taking the voltage and 

current values to generate the samples of the system and by using the rand 

function which is to be considered. Then we calculate the power  P =V*I and 

place them in the fitness array and find current best voltage V_best
t 
and find 

the V-best. Then, we find the next  product with the help of the levy flights    

Vi
t+1

=Vi
t
+α±levy(₰).Later we generate the new value for fitness [I]

t+1 
and 

again find the V_best
t+1 

with increment of t.  Afterwards, we  check the new 

fitness value [I]
t+1

 which is greater than the old fitness value [I]t or not.If 

Yes,it will  go to the next best voltage=V_best
t+1

. Otherwiseit will go to the 

old best voltage V_best
t
 and then increment time, t=t+1 and checks the  

max_iteration. 

At the step 6 as shown in Fig.4,  if the increment of current wrto the time 

is satisfied, it goes to the new best voltage V_best
t+1 

and then increment time 

value  t=t+1 and it goes to the max_iter and if Yes,it goes to the next step 

where the change in irradiance value is seen. Otherwise, it gives to step 4 and 

this  process continues till it satisfies.If Not, it goesto best voltage of the 

controller.  If Yes,it goes to the step 1 and again it repeats.  

Set the initial value of the host size n, probability Pa € (0, 1) and maximum 

no of iterations Maxt. 

Set t=0, (counter initialization); 

For (I = i+1<= n) do. 

Generate initial population of n nest Vi
t+1

. 

Evaluate fitness function f (Vi
t
). 

End for 

Generate a new solution Vi
t+1

 randomly by levy flight. 

Evaluate fitness function Vi
t+1

 i.e f (Vi
t+1

). 

Choose a nest Vj among a solution randomly. 

If (f(I
t+1

 > f(I
t
) then 

Replace the solution Vj with the solution Vi
t+1

. 

End if. 

Abandon a fraction Pa of worst nest. 

Build new nest at new location using levy flights a fraction Pa of worse nest. 

Keep the best solution (nest with quality solution). 

Rank the solution and final current best solution. 

Set t=t+1. 

Until (t >=Maxt). 

Produce the best solution. 

 

4 MPPT Controller 
 

Maximum power point tracking is commonly called as MPPT. In these 

photovoltaic modules are modeled in a manner to get the required power.  
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When the impedance of load matches with the impedance of the source 

of the circuit, the output of maximum power is obtained with reference to the 

maximum power transfer theorem. Based on this situation, we notice MPPT 

is a impedance matching problem. Using MPPT, efficiency of the PV system 

is improved. During the day time, Irradiance values and temperature are 

changed based on the climatic conditions. The power output obtained from 

the module of PV is dependent on insolation.  

The main concept of the MPPT is to find PV current or voltage at which 

array of PV finds the power output maximumw.r.to the irradiance and 

temperature of the system. It increases the operating time period of the solar 

system. Basically solar system consists of panels of PV and load, in between 

these two a converter DC-DC is considered and from it power is extracted 

and it is send to load. For matching the supply power, impedance of the load 

is varied by varying the duty cycle.  Load impedance is almost constant in 

practical scenario.  Output of the panel is adjusted automatically to get the 

maximum power at all the climatic conditions. This is basically achieved by 

using the dc-dc converter where we use boost converter normally. 

Now –a- days, we see various MPPT techniques in the practical usage. 

Those are conventional and computational intelligent based methods. Perturb 

and Observe(P&O) and Incremental Conductance are the Conventional 

methods. Computational intelligence is taken as intelligent system that 

includes learning, self-organization and generalization capacity. It includes 

Artificial Neural Network (ANN), fuzzy logic control (FLC), Particle Swarm 

Optimization (PSO), Ant Colony Optimization (ACO) and Cuckoo Search 

Algorithm (CSO). 

It is to trace peak power from the setup. Where voltage is peak at one 

point, their power tracking is noticed. To gather power there are so many 

techniques available in MPPT. If the voltage and current are cross-counted 

and power is developed from it. The irregular power of other is compared 

with the new power and maximum power is observed at one particular 

junction.   

        

5 Results and Discussions 
 

Simulation Results with MATLAB are obtained and 2 cases considered 

are shown below with the corresponding results obtained in Figs.6, 7, 8 &9. 

MATLAB Simulink Model is given in fig.5. 
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Figure 5: MATLAB Simulink Model 

 

Here the MATLAB circuit is designed for the whole system where we 

implement temperature and irradiance. In this paper, two strings are 

implemented across the dc to dc converter, and a boost converter is used in 

this work. Perturb and observe method is used in the MPPT method which is 

inscribed in the control block and is shown at the dc to dc converter. The 

string voltage is low and due to the boost converter usage in the system, rise 

in the voltage is observed and is given to the inverter and then it is sent to the 

load or to the grid. To stabilize the voltage and to reduce the harmonics, 

capacitor is used across the dc to ac inverter. Then voltages, currents and 

power are recorded at respective terminals. 

Case 1: When string 1 and string 2 are not under shading 

In this case, the temperature and irradiance value is kept constant without any 

change of 1000and 25 degress and there is no topic of partial shading. We 

determine voltage, current and power for PV and also grid voltage, current 

and power in this. The power obtained here is same for both the strings 

which are shown in Figs.6. 
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It shows the pulsating dc voltage of the system, where the voltage is 

obtained across the inverter. Maximum voltage is obtained between 350 to 

380v. X axis = Time , Yaxis= Voltage. 

(a) 

 
This shows the current of the system. X axis = Time , Yaxis= Current. 

(b) 

 
The product of the voltage and current is called the power and is 

observed.The obtained power is constant till some point and it rises slowly. 

X axis = current , Yaxis= voltage. 

(c) 
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This figure shows the Grid voltage  obtained across the load and it is 

shown linear. X axis = Time, Yaxis= Voltage. 

(d) 

 
Here, Grid current is taken in series with the load or grid  where we 

observe some spikes in the system and is maintained steady position later. X 

axis = Time , Yaxis= Current. 
(e) 

 
(f) This fig is the product of the grid voltage and grid current. In this we 

see the linear power without any harmonics. X axis = Current, Y axis= 

Voltage. Above fig are done for the case 1, where the strings are not shaded.  
Figure 6:  (a) Voltage (b) Current (c) Power of PV (d) Voltage (e) Current (f) Power 

of grids. 
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Case 2: When string 1 is under shading and string 2 is not shaded 

Here, the   value of temperature is 25 degreesbut the irradiance value is 

changed. Here in string 1 we see partial shading and string 2 is not under 

shading. The power obtained in string 1 will be less than the strinig 2. We 

determine voltage, current and power for PV and also powers are shown in 

Fig.7.Table 1 show the comparison between the 2 cases.Figs. 8 & 9 show the 

power output from PV module and PV characteristic at Standard 

Temperature Conditions(STC) 

 
This fig shows the voltage of the system of the PV. It is maintained 

constant in this case.X axis = time, Y axis= Voltage (a) 

 
This fig is the current of the PV panel, this is obtained as the shading is 

observed in case2 of string1. X axis = time, Y axis= Voltage (b) 

 
This figure shows the product of both voltage and current give rise to the 

PV panel. The obtained power will be less than the case1. X axis = Current, 

Y axis= Voltage. (c) 
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This figure is the power obtained in the system for string 2 where it is not 

shaded. X axis = Current, Y axis= Voltage.(d) 

 
This figure is the power obtained in the system for string 1 where we see 

partial shading.  For Powers: X axis = Current, Y axis= Voltage.(e) 
Figure 7: (a) Voltage (b) Current (c) Power of PV (d) Power for string 2 (e) Power 

for string 1. 

 
Fig 8: Power Output From PV Module, X axis: Current, Y axis: Voltage. 

Here with change in the current, we notice the voltage increases upto the 

200+ voltage and from there the voltage remains constant with respect to the 

change in current. It is the basic power output of PV module in the system. 
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This figure is the basic power output of PV module in the 

system. Comparison between Case 1 and 2 is given in table 1. 

 
Fig 9: PV Characteristics at STC 

 
Table1: Comparison between Case 1 And 2. 

CASE:1 CASE:2 

Irradiance=25 degrees and 

temperature=1000 degrees. 

Irradiance=25 degrees and temperature 

changes. 

String 1 and 2 are not shaded. String 1 shaded and string 2 is not shaded. 

Voltage is same in both strings. Voltage in string 1 is less than string 2. 

Current is same in both strings. Current is same in both strings. 

Power is same in both strings. Power in string 1 will be less than string 2. 

 

Here we make a comparison between the two cases in which there are 

two strings inscribed in which 2 cases were described. Case1 is when string 1 

and 2 are not shaded and Case 2 is when string 1 is shaded and string 2 is not 

shaded. It can be noted that the power obtained in case 1 is more than the 

power obtained in case 2. As the temperature value changes, we notice 

corresponding changes in the current and voltage is maintained constant. Any 

obstacle may create power loss as required. 

 

6 Conclusion 
 

The performance of the system is observed by considering both widely 

used MPPT algorithms namely P&O and CSO. With respect to convergence 

speed, fluctuations and steady state performances, CSO is considered to be 

the best method. It tracks the maximum power point under partial shading 

conditions. Usage of man’s energy is considered a vital role in PV system. 

Suitable converters which give more efficient in solar tracking and some 

MPPT techniques are used for building up the PV system performance. By 

considering CSO in this type of shading condition, we can track the 

maximum power from it. From simulations, power noticed in string 1 and 2 

in 1
st
 case is same whereas in 2

nd
 case, power in string 1 will be less than 

string 2.  
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