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Abstract 
Maximum Power Point Tracking (MPPT) helps to reduce the oscillation around maximum power point 
(MPP) and enhances the efficiency of the Photovoltaic (PV) system. Two Degree of Freedom PID (2-DOF-
PID) based MPPT controller is implemented to generate adequate gate pulse for DC-DC converter.  Sine 
Cosine Algorithm (SCA) is a new optimization technique, which is adopted to elect the relevant best values 
of the gain parameters of both 2-DOF-PID and PID controllers for better the performance. The performance 
of proposed controller is validated with the Fuzzy logic controller (FLC), Proportional Integral Derivative 
controller (PID) and Perturb & Observation (P& O).   
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Introduction  
A large portion of the power production is from a traditional energy source such as fossil fuel, nuclear, etc.  
The demand for electricity is exponential rising. Due to the rise in population, the decrease in the stock of 
non-renewable resources and increasing commercial, sustainable power sources adds to fulfil the need. Sun-
powered PV is one of the most basic methodologies among sustainable power sources. The explanation 
behind the PV system leads among all the renewable energy sources is pollution-free, noise-free, long life 
and low maintenance. The performance of the PV system is directly proportional to the photon energy of the 
sun or the irradiation of the sun. Irradiation and temperature affect the performance of the PV system and its 
work as nonlinear. MPPT is a technique to continuously follow the MPP. It improves the performance of the 
PV system under variable atmospheric conditions. Since the last two decades, many MPPT techniques are 
implemented to extract maximum power and presently also work on enhancing the performance of the PV 
system. Many MPPT techniques [1] have implemented and compared the performance of 19 MPPT methods. 
The P & O technique is an old technique and most widely used due easy to its implementation. [2[[3] 
Adaptive step size is a modified P & O technique which enhanced the performance of PV system and 
validated conventional P & O technique [4] and variable step size has presented in [5] and the step size is 
optimized by self-tuning and validated with the conventional method. A brief survey of the application of 
soft computing techniques for MPPT of PV system under the variable atmospheric condition in 
[6][7][8][9].The performance of the PV system under variable condition is improved by using the fuzzy logic 
controller (FLC) is validated with the most widely used P & O technique. [10] An artificial neural network-
based MPPT technique is applied in the PV system. [11] Optimization techniques have improved the 
performance of the PV system. [12] Many soft computing and optimization algorithms are implemented to 
improve efficiency of MPPT of P V system. [13][14][15][16][17][18] In this paper, SCA optimized 2-DOF 
PID controller is implemented as MPPT is the endeavour to authenticate the above P & O and PID based 
MPPT technique to improve the efficiency with the proper duty (D) cycle of the DC-DC boost converter. 
The above-proposed PV system is implemented in MATLAB/SIMULINK environment.  

 
Fig. 1: Block Diagram of Standalone PV System. 
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Fig. 2: Simulink Model of Standalone PV System with 2-DOF PID Controller.  
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Fig. 3: (a) Boost Converter and (b) P & O Algorithm based refV  Calculation. 

 
PV System Analysis  
The 2-DOF-PID based MPPT controller of standalone PV system’s block diagram and Simulink model are 
depicted in Fig. 1. and Fig. 2. respectively. The proposed model consists of a PV array, DC-DC boost 
converter, an MPPT controller. MPPT is generating a duty (D) cycle to control the switching action of the 
DC-DC boost converter. Controlled duty pulse is increases the performance of the proposed PV system. 
PV Module 
Generally, the PV cell can be explained with the help of equations (1)-(4). 
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Where Io=PV module current, Vo =PV module voltage, Trk= Reference temperature in Kelvin, Tak= Operating 
temperature in Kelvin, S = Irradiance W/m2, q = Charge of electron, 19106.1  C, A = Ideality factor, K = 
Boltzman constant , Eg = Band Gap, Iscr = S.C current, Ns = Cells connected in series, Np = Cells connected in 
parallel, Ki = S.C temperature co-efficient, Rs = Series Resistance, IPh = Light generated current, DC-DC 
boost converter. The output voltage of a single PV module is very low for any use. According to the 
requirement of voltage and current are connected in series and parallel respectively. To obtain the fixed 
voltage at the output and enhanced the output voltage, a DC-DC boost is implemented. The output voltage is 
enhanced only by a suitable duty cycle of the converter. Pulse Width Modulation (PWM) technique is used to 
generate the duty cycle. The proposed standalone PV system model is depicted in Fig.1, and the DC-DC 
boost converter diagram is depicted in Fig. 3 (a). The mathematical equation of the output voltage and the 
duty cycle is presented in equation (5) and (6). Time operations like on-off time of the switch are conveyed in 
equations (7) and (8) respectively by admitting switching period (Ts). The specification of the DC-DC boost 
converter  are  Inductor (L),  Capacitance (C), Load (R) and switching frequency are 100mH, 3000 µF, 5 Ω 
and 10000 Hz respectively.     
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2-DOF-PID Controller Structure  
MPPT is used to track the MPP of I-V and P-V curve of PV module. In this paper, a reference voltage 

refV is 

obtained by correlate the power )( kP  with )1( kP using P & O algorithm is depicted in Fig. 3 (b). The 

error (e) signal is obtained by differencing of the reference voltage 
refV  and Boost converter output terminal 

voltage. The output of the 2-DOF-PID controller follows the PWM and fed to the switch to improve the 
performance of the proposed PV system. 

  
Fig. 4: Structure of 2-DOF-PID Controller. 

The 2-DOF-PID controller structure is portrayed in Fig. 4. where ‘e’ indicates the error signal, ‘ dcV ’represented 

the output of DC-DC boost converter and ‘U’ shows the output of the controller. The internal structure of the 
controller has a total six gain parameter are KP, KI, KD, N, PW and DW are proportional, Integral, derivative, 
derivative filter coefficient, Proportional set point weight and derivative set point weight respectively.[19] To 
minimize the error of voltage, it’s taking the error as reference point. The 2-DOD-PID controller has the beauty 
to reduce the referral error, author have opted DC output voltage as Vdc. The mathematical equation of the 2-
DOF PID controller has shown in equation (9) and (10). 
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Sine Cosine Algorithm (SCA) 
In this paper, the PID, FLC and 2-DOF PID based MPPT controller structures are planned to add the suitable 
duty cycle of the converter. The designed parameters of the controllers influence the performance of the system. 
In this work, a new optimization technique recommended [20] is applied to adjust the gain of the controllers. 
SCA considers the arbitrary population solution and reasons them to fluctuate nearby the optimal solution. The 
mathematical equation of SCA is proven by using sine and cosine functions.  Many arbitrary values are involved 
to maintain the exploration and exploitation of search space. The steps involve for SCA are defined as: 

1. Set the population matrix of size [N×P], i.e. PNZ ][ .Where N and P are the total population and gain factor. 

For this subject, the definite value of the planned variables is of 0.01 to 2. 

2. Calculate the fitness for all populations to conclude the endpoint for that repetition, i.e. iE . 

3. The location of the population is modified by with the equation (11) and (12).  If 54 r  
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Where 1r the decomposing is function and may expressed as; max/)(1 iteriaar  ,  Where ‘a’ is a 

constant and i is the current iteration. 2r is the random value between specific limit of 0 to 2π and r3 is the 

random number between 0 to 1. 
4. Update the X matrix by comparing the fitness value. The better fitness population will exist for next 
generation. 
5. Repeat the steps from 2 to 4 upto the conclusion benchmarks reach. In this method the maximum iteration is 
adopted as conclusion benchmarks.  
In this work, SCA algorithm is used to obtained optimal gains of PID and 2DOF PID controllers to boost the 
output response of the PV module. 
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MPPT Techniques KP KI KD PW DW N 
PID 0.0010 0.0012 0.0010    

2-DOF PID 1.0124 1.3985 1.7819 3.7566 1.2762 288.1945 
Table 1: Optimal Values of PID and 2-DOF PID Controller. 

 
 
 
 
 
 
 
 

Table 2: Performance of Boost Converter.
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Fig. 5: (a) Power vs Time Graph (b) Voltage vs Time (c) Current vs Time Graph and (d) PV Module’s I-V 

and P-V Characteristics 
 
Results and Discussion 
The optimal gain parameter of both PID and 2-DOF PID controllers is tuned by SCA algorithms with 25       
repetitions with 100 populations. The objective of the algorithm is obtained with constraint as shown in equation 
(13)-(15). 
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Optimized values of PID and 2-DOF-PID controller are obtained by SCA is shown in Table 1. The comparison 
results of standalone PV system in terms of power, voltage and current shown in Fig. 5(a)-(c) respectively. 
Oscillation has been reduced using 2-DOF-PID which is clearly observed and also enhanced the output response 
of proposed PV system is shown in Fig. 5(a)-(c). PV module characteristic of I-V and P-V is depicted in Fig. 5 
(d).  The output response of DC- DC converter in terms of voltage, current and power is tabulated in Table 2. 
Implementation of 2-DOF-PID shows the better performance than fuzzy, PID and P&O. 
 

MPPT 
Techniques 

Maximum Output Response 
Voltage (V) Current A) Power (W) 

2-DOF PID 30.34 6.07 184.1 
FLC 29.87 5.97 178.6 
PID 18.29 3.65 66.94 

P&O 12.43 2.45 30.7 
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Conclusion 
The aim of this work is to enhanced the efficiency with minimize oscillation of PV system by implementing 2-
DOF-PID based MPPT technique. The 2-DOF-PID and PID controller is tuned gain parameter by SCA is 
validate better controller over the traditional and widely used P & O technique. Temperature, irradiance and 
load are the critical aspects which affect the current, voltage and power of the PV system. The 2-DOF-PID, 
FLC, PID, and P & O based MPPT controller are performed by deviating the irradiance (1000 W/m2to 700 
W/m2) and with constant temperature (25º C) and load (5 Ω). Reference voltage (Vref) is calculated by the P&O 
based calculation algorithm. The output response of converter based on 2-DOF-PID controller is minimise the 
oscillation and enhanced the performance of PV system than other MPPT based controller as shown in Fig. 5(a)-
(c). The 2-DOF-PID is enhanced the performance and reduce the disturbance which is validated over the FLC, 
PID, and P&O technique.   
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