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ABSTRACT 

The performance of intelligent maximum power point 

tracking (MPPT) such as Fuzzy logic controller (FLC) and 

artificial neural network (ANN) are investigated, and 

compared with traditional constant voltage (CVC), Perturb & 

observed (P&O) and Incremental conductance (IC) MPPT 

methods to achieve maximum power point (MPP) through PV 

system, in this paper. For transient analysis of MPPT assisted 

photovoltaic (PV) system powered to the induction motor 

(IM) in various applications. The system performance is 

investigated for different irradiation conditions in terms of 

voltage, current, power and rotor speed response. The detailed 

study is carried on advantages of advance MPPT techniques 

over the traditional MPPT techniques. The modeling of solar 

PV system and considered MPPT techniques have been done 

in MATLAB/ Simulink environment.    
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1. INTRODUCTION 
The electrical energy demand is increasing day-by-day due to 

domestic and commercial applications [1]. Today, the potential 

of generated electric power is very low and also majorly 

dependent on fossil fuels e.g. diesel, petrol and coal etc., but 

this generated power is not insufficient to meet the demand of 

required power [2]. To fulfill the demand power, an interest is 

creating force to explore more sustainable and reliable energy 

sources for power generation such as PV system, wind turbine 

(WT), fuel cell (FC), bio-fuel etc. 

The energy conversion efficiency of PV system is very low 

approximately 30-40% [3, 4]. To extract maximum power from 

PV system, the maximum power point tracking (MPPT) 

techniques e.g. constant voltage control (CVC), incremental 

conductance (IC), perturb & observe (P&O), fuzzy logic 

control (FLC), artificial neural network (ANN) techniques are 

investigated and found in literature. 

2. LITERATURE REVIEW 
In [5], the authors gave a concept on MPPT techniques e.g. 

open circuit (OC) voltage, short circuit (SC) current, P&O and 

IC and compared the transient analysis of various MPPT 

techniques. The authors designed different MPPT techniques 

e.g. CVC, P&O, IC, fractional short circuit for transient 

analysis under various operating conditions [6]. The authors 

of [7] investigated the MPPT technique e.g. P&O, IC, hill 

climbing and advanced MPPT techniques as FLC, ANN for 

the partial shading condition. The authors of [8-10] gave a 

comprehensive review of MPPT algorithms. The authors of 

[11] discussed fuzzy logic based MPPT assisted PV system 

for hybrid power generation. The authors [12], reviewed the 

various MPPT techniques, basically this paper can be 

considered as a bench mark for future work.  The overview of 

MPPT techniques for PV system is given in [13]. For the 

purpose of transient analysis and comparative study, the IC 

and P&O MPPT techniques are considered. In [14], the author 

is focused on the review of various MPPT techniques such as, 

P&O and IC under changing environmental conditions. In 

[15-16], the authors compared various MPPT techniques e.g. 

CVC, short circuit pulse method, open voltage method, P&O 

and modified P&O, no focused on the advance MPPT 

techniques such as Fuzzy logic and ANN based. In [17], the 

authors proposed a concept on P&O MPPT algorithm and 

compared with another MPPT techniques. The authors in [18], 

reported a review of MPPT techniques for solar PV systems, 

but the transient analysis and modeling of MPPT techniques 

are not reported. In [19], the authors proposed MPPT 

techniques such as IC, FLC and ANN MPPT techniques. 

3. SYSTEM DESCRIPTION 
The complete system consists of mainly three parts (a) PV 

system (b) MPPT methods (i) Constant voltage control (ii) 

Incremental conductance (iii) Perturb & Observe (iv) Fuzzy 

logic controller (v) Artificial neural network MPPT methods 

(c) DC-DC boost converter and induction motor. The 

schematic diagram of the proposed system is shown in Fig. 1 

as, 
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Fig 1:  Schematic diagram of various MPPT methods assisted PV system driven IM 
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4. PV SYSTEM MODELING 
The P-V and I-V characteristics of PV cell are non-linear. The 

most referred electrical equivalent circuit as shown in Fig. 2 

as, 
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Fig 2: Electrical Equivalent circuit of PV cell 

 

The VC (PV cell voltage) is dependent on the load current and 

the solar temperature, shown in Eq. (1) as, 
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TVC  and TIC  respectively using Eq. (2) and (3) [20-22] as, 
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SVC  and SIC , which are the correction factors for changes 

in CV  and phI , are expressed in Eq. (4) and (5) as,  

 1SV T S x cC S S   
                                   (4) 
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Using correction factors TVC , TIC , SVC and SIC , the new 

values of SIC and phxI  are expressed by Eq. (6) and (7) 

[23]as, 

cx TV SV CV C C V                                    (6) 

phx TI SI phI C C I
 
                                                    (7) 

Using Eq. (1)-(7) the mathematical model of PV cell is 

developed for the analysis of the various MPPT methods. For 

the MATLAB/Simulink modelling of PV system and 

validation, a commercial model Suntech Power STP260-

24/Vb (mfd. by Suntech) is considered, whose specifications 

are summarized in Table 1 as, 

Table 1. Specifications of Suntech Power STP260-24/Vb 

module [24] 

Parameter                  Value 

Nominal peak power, Pmp 260 W 

Nominal voltage, Vph 34.8 V 

Nominal current, Iph 7.47A 

Short circuit voltage, V 44V 

Short circuit current, A 8.09 A 

Maximum power, Pmp 260 W 

Series resistance, Rs 0.037 Ω 

Saturation current, Io 1.1753 × 10-8 A 

Operating temperature, Tc 25 C 

Irradiation level, Sx 1000 W/m2 

 

5. MPPT TRACKING METHODS 

To obtain maximum power from  PV module, various 

electrical and mechanical MPPT methods are proposed. In 

mechanical methods, the orientation of the PV panel is 

adjusted with the pre-estimated angle throughout the day for 

tracking the sun direction manually. In electrical tracking 

method, the maximum power point (MPP) is tracked on P-V 

curve of the system by the help of power electronics interface. 

Conventional tracking methods use the sensed data of PV 

system such as voltage, current, temperature and solar 

irradiation to track the MPP.  

5.1 CVC Based MPPT Method 
This method is forced the voltage across the PV output 

voltage held at a constant value, normally specified to ensure 

the maximum power transfer to load. In this method a single 

voltage sensor is required and it is introduced by simple 

implementation and low installation cost. The CVC method is 

perhaps the simplest MPPT algorithm. This algorithm can be 

implemented without a digital controller [25]. The limitation 

of the algorithm is that the MPP depends on the specific solar 

panel type. The schematic diagram of CVC based MPPT 

algorithm is exposed in Fig. 3 as, 
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Fig. 3: Block diagram of CVC MPPT method 

The proportional-integral control equations can be expressed 

using Eq. (8) as, 

( ) ( )
p i

D K e t K e t dt                                            (8) 

Where, Kp - proportional gain and Ki - integral gains to be 

adjusted for the desired output from the PV system. 

5.2 P&O Based MPPT Method  
In this method, the voltage of the PV system is considered as 

a reference signal. The aim of this MPPT is to force the 

reference voltage of the PV system to maximum voltage 

(Vmpp), which causes the instantaneous PV voltage to track 

Vmpp. This is done by applying small and constant 

perturbations to the PV voltage a step-by-step. After each 

perturbation the variation in power (dP) is measured [26]. A 

positive value of dP indicates that output power will approach 

MPP. So, a perturbation of positive sign is fed to the PV 

voltage in the next stage. On the other hand, if the value of dP 

is found negative, negative sign perturbation is applied [27]. 

These steps are repeatedly performed until the MPP of the 

system is reached where dP is equal to zero or maximum 
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condition. The steps involved in this method are depicted with 

the help of flowchart shown in Fig. 4 as,  
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Fig 4: Flowchart of P&O MPPT method 

5.3 IC Based Method 
This MPPT method is based on principle that the slope of the 

power curve of the PV system at the MPP is zero, positive 

when the power is less than MPP and negative when the 

output power is greater than the MPP [28]. It can be evaluated 

by differentiating the power of the PV w. r. t PV voltage and 

equal it to zero, as expressed in Eq. (10) & (11) as, 
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Hence, it can be experienced whether the PV system is 

operating at or missing from the MPP [29]. Three derivative 

conditions are expressed in above Eq. (12). 

 

5.4 FLC Based MPPT Method 
Recently, FLC are introduced for MPPT in the PV system. 

The main parts of a FL controller are fuzzification, inference; 

rule base and defuzzification are shown in Fig. 6 as,  
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Fig 6: Block diagram of FLC based MPPT method 

In fuzzification step, the input crisp variables are converted 

into linguistic variables according to the input membership 

functions [30-31]. In inference step, also known as decision-

making step, If-Then specified rules identify the behaviour of 

the controller. The rules in this step are stated as linguistic 

variables denoted by fuzzy sets. The two inputs i.e. error (e) 

and change of error (ce) are defined as, 
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Where, PPV is the power of PV module. The fuzzy inference is 

fed using Mamdani’s method. Here, defuzzification uses 

center of gravity method to obtain the output which is the duty 

cycle of DC/DC boost converter [32]. 

5.5 ANN Based MPPT Method 
Many developments are made in the field of ANN controllers. 

The environmental parameters e.g. irradiation and temperature 

are applied to ANN as input. At the output stage a duty cycle 

is generated for a DC/DC boost converter which drives the PV 

voltage to optimal voltage [33, 34]. The input and output are 

expressed in Eq. (16) & (17) as, 
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Where, Wji and Wkj are weights. 
h
j  and 

o
k  are the bias 

values. iX  and 
h
jY are the signal values for input and output 

lines.  

 

6. RESULTS AND DISCUSSION 
  

6.1 Steady State Analysis  
The designed PV module was implemented with various 

designed MPPT methods to study their response and MPP 

tracking efficiency. The P-V  and I-V curves of the PV system 

achieved from the above designed PV module at different 

solar irradiation conditions is shown in Figure 9(a)-(b) as, 
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(b) P-V curve of PV system 

Fig. 9(a)-(b): I-V and P-V curves of PV system at different 

environmental conditions 

The output current, voltage and power of the designed PV 

system without any MPPT techniques under standard test 

conditions (STC) are shown in Fig. 10 as, 
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Fig 10: Voltage, current, power of PV system under STC 

6.2 Transients of MPPT Methods Assisted 

Solar PV Power Driven IM System 
For transient analysis, the solar irradiation is varied in the 

range of 400-1000W/m2 in random discrete steps at 25°C for 

all implemented MPPT methods assisted solar PV power 

driven IM is depicted for each MPPT technique. For the 

analysis of this proposed system, CVC, PO, IC, FLC and 

ANN based MPPT techniques are simulated. The considered 

solar irradiation and voltage, current, power and rotor speed 

of IM is shown in Fig. 11-15. 

In Fig. 11, the dynamic response of FLC MPPT assisted PV 

system under variable irradiation levels from 400-1000W/m2 

various steps. At time 0-2 Sec. the irradiations level is 600 

W/m2, the PV voltage, current and power are 123V, 8.17A 

and 1006.11W respectively. It is observed that less time is 

taken to reach rated speed of IM in comparison other MPPT 

techniques assisted system is 0.53 Sec. Now the irradiation 

level is raised up to 800W/m2, so the resultant voltage, current 

and power increased gradually increased at 127V, 11.24A and 

1428.21W. Now the irradiation level is increased to 

1000W/m2 at 3 Sec, the voltage, current and power are 131V, 

13.93A and 1825.91W. Now the irradiation is decreased at 

400W/m2, the voltage, current and power is calculated as 

115V, 5.84A and 672.09W respectively. Furthermore, the 

irradiation levels are repeated in various steps, so the transient 

response of voltage, current and power are same as previous 

satisfactory results.  

 

Fig 11: Dynamic response of CVC MPPT assisted PV 

system under variable irradiation conditions 
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In Fig. 12, the dynamic response of P&O MPPT assisted PV 

system under variable irradiation levels from 400-1000W/m2. 

Initially at time 0-2 Sec. the irradiations level is kept 600 

W/m2, the PV voltage, current and power are 125 V, 8.67A 

and 1083 W respectively. It is observed that the rated rotor 

speed of IM is settled at 0.47 Sec. Now the irradiation level is 

raised up to 800 W/m2 for next 1 Sec., the voltage, current and 

power increased gradually and found 129 V, 11.926A and 

1538W.Now the irradiation level is increased to 1000W/m2 at 

3 Sec., the voltage, current and power are 133V, 14.788A and 

1966.9W. Now the irradiation is decreased at 400W/m2, the 

voltage, current and power is calculated as 115V, 5.84A and 

724W respectively. Furthermore, the irradiation levels are 

repeated in various steps, so the transient response of voltage, 

current and power are same as previous satisfactory results.  It 

is observed that the current is very close to its maximum 

value.   

 

Fig 12: Dynamic response of P&O MPPT assisted PV 

system under variable irradiation conditions 

 In Fig. 13, the dynamic response of IC MPPT assisted PV 

system under variable irradiation levels from 400-1000W/m2. 

Initially at time 0-2 Sec. the irradiations level is kept 600 

W/m2, the PV voltage, current and power are 126V, 9.02A 

and 1137 W respectively. It is observed that the rated rotor 

speed of IM is settled at 0.33 Sec. Now the irradiation level is 

raised up to 800W/m2, so the resultant voltage, current and 

power increased gradually increased at 130V, 12.41A and 

1614.2W. Now the irradiation level is increased to 1000W/m2 

at 3 Sec, the voltage, current and power are 134V, 15.4A and 

2063.7W. Now the irradiation is decreased at 400W/m2, the 

voltage, current and power is calculated as 118V, 6.437A and 

759.634W respectively. Furthermore, the irradiation levels are 

repeated in various steps, so the transient response of voltage, 

current and power are same as previous satisfactory results.  It 

is observed that the current is close to its maximum value.  

The transient disturbances are very high in case voltage.   

 

Fig 13: Dynamic response of IC MPPT assisted PV system 

under variable irradiation conditions 

In Fig. 14, the dynamic response of FLC MPPT assisted PV 

system under variable irradiation levels from 400-1000W/m2 

various steps. At time 0-2 Sec. the irradiations level is 600 

W/m2, the PV voltage, current and power are 128V, 9.10A 

and 1165W respectively. It is observed that less time is taken 

to reach rated speed of IM in comparison other MPPT 

techniques assisted system is 0.26 Sec. Now the irradiation 

level is raised up to 800W/m2, so the resultant voltage, current 

and power increased gradually increased at 132V, 12.53A and 

1654.35W. Now the irradiation level is increased to 

1000W/m2 at 3 Sec, the voltage, current and power are 136V, 

15.55A and 2115W. Now the irradiation is decreased at 

400W/m2, the voltage, current and power is calculated as 

120V, 6.48A and 778.52W respectively. Furthermore, the 

irradiation levels are repeated in various steps, so the transient 

response of voltage, current and power are same as previous 

satisfactory results.  It is observed that the current is very 

close to its maximum value. 

In Fig. 15, the dynamic response of ANN based MPPT 

assisted PV system under variable irradiation levels from 400-

1000W/m2 various steps. At time 0-2 Sec. the irradiations 

level is 600 W/m2, the PV voltage, current and power are 

130V, 9.060A and 1177.90W respectively. It is observed that 

less time is taken to reach rated speed of IM in comparison 

other MPPT techniques assisted system is 0.18 Sec. Now the 
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irradiation level is raised up to 800W/m2, so the resultant 

voltage, current and power increased gradually increased at 

134V, 12.47A and 1672.06W. Now the irradiation level is 

increased to 1000W/m2 at 3 Sec, the voltage, current and 

power are 138V, 15.49A and 2137.67W. Now the irradiation 

is decreased at 400W/m2, the voltage, current and power is 

calculated as 122V, 6.449A and 786.85W respectively. 

Furthermore, the irradiation levels are repeated in various 

steps, so the transient response of voltage, current and power 

are same as previous satisfactory results. It is observed that 

the transient response is very close to its maximum value with 

minimum disturbances. 

 

Fig 14: Dynamic response of FLC based MPPT assisted 

PV system under variable irradiation conditions 

 

Fig.15: Dynamic response of ANN based MPPT assisted 

PV system under variable irradiation conditions 

Table 2. Performance comparison of CVC, IC, P&O, FLC and ANN based MPPT methods 

Parameters MPPT techniques 

CVC P&O IC FLC ANN 

Voltage (V) at G= 1000 W/m2 131.1 133.03 133.96 136.01 138 
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Current (A) at G= 1000 W/m2 13.938 14.788 15.4 15.55 15.49 

Range of Current variation (A) 13.5-14.5 14.5-15 14.9-15.9 15.3-15.7 15.4-15.6 

Power (W) at G= 1000 W/m2 1827.272 1967.247 2062.984 2114.955 2137.62 

Range of Power variation (W) 1754-1903 1914-2040 1907-2178.3 2019.6-2182.3 2109.8-2168.4 

Rotor Speed (rpm) 1650 1665 1670 1720 1750 

Rotor Speed Settling Time (Sec) 0..51 0.47 0.33 0.26 0.18 

Efficiency (%) 84.712 91.245 95.686 98.096 99.146 

Rise Time 
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Fall Time 
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(Sec) 

Voltage (V) 0.52 0.34 0.26 0.19 0.011 

Current (A) 0.51 0.32 0.27 0.15 0.009 

Power (W) 0.52 0.34 0.27 0.19 0.011 
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7. CONCLUSION 
A study is carried out of 3-phase IM is powered by PV 

system, in this paper. Various types of MPPT methods such as 

CVC, IC, P&O, FLC and ANN are considered to achieve the 

maximum power from PV system. In order to investigation 

the steady-state and transient analysis have been done. The 

performance of the considered MPPT methods is found 

satisfactory. Following are the silent points of this study: 

 Mathematical modeling of PV system and subsequent 

MATLAB/Simulink model is developed.  

 The performance of developed model is validated with 

the commercially available PV module (Suntech Power 

STP260-24/Vb). 

 The effects of irradiation level have been studied and 

response of all the considered MPPT methods are 

observed in terms of output voltage, current, power, 

efficiency, rise time,  fall time and steady state time of 

IM drive. 

 A comparative study of all the MPPT methods is made 

and it is observed that ANN based MPPT method has 

highest tracking efficiency also observed to have good 

dynamic response. 

 In future, some advance intelligent MPPT methods e.g. 

adaptive neuro-fuzzy, modified fuzzy (different size rule 

base) etc. can be adopted for performance investigations 

in this sequence.  
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9. APPENDIX 
 

Operating parameters Reference irradiation, cS  1000 W/m2 

Curve fitting factor, A  1.4 Variable irradiation, xS  400-1000 W/m2 

Boltzman constant, k  1.38x10-23 J/K Open circuit voltage coefficient,    0.005 

Cell temperature , cT  45 °C Short circuit current coefficient ,   0.07 

Electron charge, e  1.602x10-19 Coulombs Ambient temperature, aT  25 °C 

Series resistance, sR  0.037  Variable temperature, xT  10-50 °C 
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