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ABSTRACT 
 

The ever growing demand and socio-economic development, the conventional energy 

sources have almost become obsolete for nurturing this demand. Thus, opening new 

avenues to search for the new and renewable energy. Solar photovoltaic (PV) technology is 

becoming more popular because of number of advantages. These advantages include zero 

green house emission, low maintenance cost, least limitations with regard to site installation. 

However, the conversion efficiency of PV technology is very low about 15-18%. Also, the 

power generated from PV system is varying with meteorological parameters like solar 

irradiance, temperature etc. 

 

Photovoltaic is a renewable and environment friendly technique having these benefits does 

not solve the problem as the efficiency is dependent on various factors such as irradiance, 

cell temperature, dust, sunlight’s spectral density. These factors affect the power output of 

the SPV system, this can be overcome to a great extent using control techniques to track the 

maximum power, and these techniques are known as Maximum Power Point Tracking.  

 

This dissertation is an analytical study of various impressive Maximum Power Point 

Tracking (MPPT) algorithm using intelligent techniques such as Fuzzy Logic, ANFIS in 

MATLAB-Simulink module alongside the Incremental Conductance with voltage 

regulation. These improvised MPPT technique reduces the tracking time and also solves the 

various issues associated with traditional MPPT algorithms such as Perturb and Observe, 

Incremental Conductance. The study involves analysis of various control algorithms which 

in turn controls the switching of the DC-DC Boost Converter.  

 

The research work proposes various fast and adequate tracking algorithms like fuzzy logic 

controller and Neuro-Fuzzy controller are tested against various meteorological parameters. 

Respective performance indicators have been listed for the proposed MPPT. These control 

techniques provide user with complete flexibility to choose the inputs and their relationship 

(rule base). The simulated results show that the fuzzy logic and neuro-fuzzy technique 

controls the integrated PV module output directly and rapidly. Thus showing the 

effectiveness and feasibility of the proposed controllers. 

 



iv 

 

CONTENTS 

 

CIRTIFICATE ................................................................................................................... i 

ACKNOWLEDGEMENT ............................................................................................... ii 

ABSTRACT............................................... ...................................................................... iii 

CONTENTS....... ............................................................................................................... iv 

LIST OF FIGURES ........................................................................................................ vii 

LIST OF TABLES ............................................................................................................. x  

LIST OF ABREVIATIONS AND SYMBOLS .............................................................. xi 

CHAPTER 1. INTRODUCTION ................................................................................... 1 

1.1 GENERAL ............................................................................................................ 1 

1.2 MOTVATION ...................................................................................................... 2 

1.3 INTELLIGENT TECHNIQUES ........................................................................... 6 

       1.3.1 Hard computing vs Soft computing.…….…………...……………..…………..7 

       1.3.2 Fuzzy Logic Controller…………………………………………….....…….......8 

       1.3.3 Artificial Neural Network...........…………………………………….……........9 

       1.3.4 Adaptive Neuro Fuzzy Inference System Network……………..…...……..…10 

1.4 APPLICATION OF INTELLIGENT CONTROLLERS IN SPV SYSTEM ...... 10 

1.4 ORGANIZATION OF THESIS .......................................................................... 10 

CHAPTER 2. LITERATURE SURVEY ...................................................................... 12 

2.1 INTRODUCTION .............................................................................................. 12 

2.2 SOLAR PHOTOVOLTAICS ............................................................................. 12 

    2.3 MODELING, DESIGN AND SIMULATION OF PV ARRAY ......................... 13 

    2.4 MAXIMUM POWER POINT TRACKING CONTROLLERS.......................... 14 

       2.4.1 Incremental Conductance…………………………...…………...……………15 

       2.4.2 Fuzzy Logic Controller…………………………………………........………..16 

       2.4.3 Neuro-Fuzzy Inference Controller………………………………...…………..17 

       2.4.4 Neural Network…………………………………………………...…………...18 



v 

 

 2.5 CONVERTER DESIGN ..................................................................................... 20 

 2.6 CONCLUSION ................................................................................................... 20 

CHAPTER 3. SOLAR PV TECHNOLOGY ............................................................... 21 

3.1 INTRODUCTION .............................................................................................. 21 

3.2 PHOTOVOLTAIC CELLS ................................................................................. 21 

3.3 CHARACTERISTIC OF PHOTOVOLTAIC CELLS ........................................ 24      

3.4 SOLAR PHOTOVOLTAICS SYSTEM ............................................................. 26 

CHAPTER 4. MAXIMUM POWER POINT TRACKING CONTROLERS .......... 27 

4.1 TRACKING PROBLEM IN CONTROLSYSTEM ............................................ 27 

4.2       MAXIMUM POWER POINT ............................................................................. 27 

4.3       CONTROLLERS ................................................................................................ 28 

         4.3.1 Modified Incremental Conductance................................................................28 

         4.3.2 Fuzzy Logic.................................................................................................... 31 

         4.3.3 Adaptive Neuro-Fuzzy Inference System.......................................................38 

         4.3.4 Neural Networks Technique...........................................................................42 

CHAPTER 5. MODELLING OF SOLAR PHOTOVOLTAIC SYSTEM ............... 47 

5.1 INTRODUCTION .............................................................................................. 47 

5.2       PHOTOVOLTAIC ARRAY ............................................................................... 47 

5.3       CONVERTER DESIGN ..................................................................................... 50 

5.4        BOOST CONVERTER CONTROL TECHNIQUES ......................................... 51 

        5.4.1 Incremental Conductance with Integral Regulator...........................................51 

    5.4.2 Fuzzy Logic Controller.....................................................................................52 

        5.4.3 Adaptive Neuro-Fuzzy Inference System (ANFIS).........................................54 

        5.4.4 Artificial Neural Networks Technique.............................................................55 

5.5 CONCLUSION ................................................................................................... 58 

CHAPTER 6. RESULTS & DISCUSSIONS ............................................................... 59 

 6.1 INTRODUCTION .............................................................................................. 59 

 6.2 CONSTANT IRRADIANCE & CONSTANT TEMPERATURE ...................... 59 



vi 

 

 6.3       VARYING IRRADIANCE & CONSTANT TEMPERATURE ........................ 64 

 6.4 VARYING IRRADIANCE & VARYING TEMPERATURE............................ 69 

 6.5 CONCLUSION ................................................................................................... 74 

 

 CHAPTER 7. CONCLUSION AND FUTURE SCOPE ............................................. 75 

 7.1 INTRODUCTION .............................................................................................. 75 

 7.2 MAIN CONCLUSIONS ..................................................................................... 75 

 7.3 FUTURE SCOPE ................................................................................................ 76 

LIST OF PUBLICATIONS ............................................................................................ 77 

REFERENCES ................................................................................................................ 78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



vii 

 

LIST OF FIGURES 

 
Figure No. Name Page No 

Fig 1.1 Renewable Energy Sources and Non-Renewable Energy 

Sources 

1 

Fig 1.2 Growth of Renewable Energy Sector 2 

Fig 1.3 All India Power Installed Capacity 3 

Fig 1.4 Renewable Power Installed Capacity 3 

Fig 1.5 Integration of intelligent techniques – Hybrid Techniques 6 

Fig 3.1 Solar cell model using single diode 22 

Fig 3.2 Cross-sectional Structure of a PV cell 22 

Fig 3.3 I-V characteristic of photovoltaic cell 22 

Fig 4.1 I-V Characteristics Curve showing various zones for MPP 30 

Fig 4.2 Modified Incremental Conductance with integral 

regulator 

32 

Fig 4.3 Membership function of a Fuzzy Set 33 

Fig 4.4 Membership function of input variable 
𝜕𝐼

𝜕𝑉
 35 

Fig 4.5 Membership function of input variable I/V 35 

Fig 4.6 Membership function of output variable ∆D 37 

Fig 4.7 Surface view of the FLC-MPPT 38 

Fig 4.8 Equivalent ANFIS structure 40 

Fig 4.9 Grid partitioned fuzzy subspaces for 2 input ANFIS 43 

Fig 4.10 Structure of Artificial Neuron 45 

Fig 4.11 Architecture of Artificial Neural Network 46 



viii 

 

Fig 5.1 Block Diagram of SPV system using MPPT 48 

Fig. 5.2 Equivalent Solar module with Rp and Rs 49 

Fig. 5.3 MATLAB-Simulink Model of MXS-60 50 

Fig. 5.4 Schematic representation of SPV model implementing 

Boost converter and its control technique 

51 

Fig. 5.5 MATLAB-Simulink model of proposed INC MPPT 52 

Fig. 5.6 Flowchart for the Incremental Conductance Algorithm 53 

Fig. 5.7 Fuzzy inference system of the FLC in MATLAB Fuzzy 

Toolbox 

54 

Fig. 5.8 Rule view of the FLC 54 

Fig. 5.9 Training Error graph of ANFIS controller 55 

Fig. 5.10 Structure of the proposed ANFIS controller 56 

Fig. 5.11 Surface View of ANFIS MPPT controller 56 

Fig. 5.12 Architecture of ANN in MATLAB toolbox 57 

Fig. 5.13 Histogram plot for the error in training, validation and 

testing of proposed ANN 

57 

Fig. 5.14 Plots showing the different training states for the ANN 

based MPPT 

58 

Fig. 5.15 Regression analysis of the ANN based MPPT controller 58 

Fig. 6.1 Power output of the INC MPPT and its error at constant 

irradiance and temperature 

60 

Fig. 6.2 Duty cycle pulse variation and the current and voltage 

characteristics of INC MPPT 

61 

Fig. 6.3 Power output variations when using FL-MPPT at constant 

irradiance and temperature 

61 



ix 

 

Fig. 6.4 Various output parameters with relative error of the FL-

MPPT at STC 

62 

Fig. 6.5 Output characteristics of the ANN-MPPT at STC 63 

Fig. 6.6 Output Power, Current and Voltage response of the 

ANFIS MPPT at STC 

64 

Fig. 6.7 Output power of INC MPPT with varying irradiance 65 

Fig. 6.8 Output voltage, current and variation in duty cycle for 

INC MPPT with varying irradiance 

66 

Fig. 6.9 Ouput power, current, voltage and duty cycle pulses with 

varying irradiance of FL MPPT 

67 

Fig. 6.10 Output power, current, and voltage using ANN MPPT in 

changing irradiance 

68 

Fig. 6.11 Changing duty cycle pulses with changing irradiance of 

ANN MPPT 

69 

Fig. 6.12 Maximum power tracked with changing irradiance using 

ANFIS MPPT 

69 

Fig. 6.13 Load Voltage and Current of ANFIS MPPT in variable 

irradiance 

70 

Fig. 6.14 Output power, load current and voltages of INC MPPT in 

different environmental conditions 

71 

Fig. 6.15 Performance of FLC MPPT at changing temperature and 

irradiance 

72 

Fig. 6.16 Performance of ANN MPPT during variable 

meteorological conditions 

73 

Fig. 6.17 Performance of ANFIS MPPT during variable 

environmental conditions 

74 



x 

 

LIST OF TABLES 
 

Table No. Name Page No 

Table 1.1 Growth of Grid Interactive Renewable Power 5 

Table 3.1 Efficiency of the various photovoltaic cells 24 

Table 4.1 Linguistic variables for the input variables 36 

Table 4.2 Linguistic variable for the output variable 37 

Table 5.1 Parameter specification of MXS-60 PV Module 50 

Table 5.2 Parameter specification of DC – DC boost converter 52 

Table 6.1 Comparison of proposed MPPT controllers 

 

75 

 

  



xi 

 

LIST OF ABBREVIATION AND SYMBOLS 

 
ANFIS Adaptive Neuro-Fuzzy Inference System 

ANN Artificial Neural Networks 

BPNN Backpropagation Neural Network 

COG Centre of Gravity 

FIS Fuzzy Inference System 

FLC Fuzzy Logic Controller 

INC Incremental Conductance 

MIQ Machine Intelligence Quotient   

MPP Maximum Power Point 

MPPT Maximum Power Point Tracking 

P & O  Perturb and Observe 

PV Photovoltaic 

SPV Solar Photovoltaic 

Cin Input Capacitance 

L Inductance 

Cout Output Capacitance 

Vmo Max. output ripple voltage 

Imo Max. ripple current 

Pm Maximum Power 

Vm Maximum Voltage 

Im Current at max. power 

Voc Open cct Voltage 

Isc Short cct current 

Ns Total no. cells in series 



xii 

 

Np Total no. of cells in parallel 

I 

ID 

ISCref 

q 

∂ 

A 

T 

ISC 

k 

Solar cell current  

Module diode saturation current  

Module short circuit current at 25ᵒC 

electron charge 

Irradiation on the device surface  

Ideality Factor 

Module operating temperature in Kelvin 

photocurrent in (A) 

Boltzmann Constant 

𝜕𝑃𝑃𝑉
𝜕𝑉𝑃𝑉

 
Change in output power of module with respect to change in module voltage 

𝜕𝐼

𝜕𝑉
 

Incremental conductance 

∆D Change in duty cycle 

  

  

 
 


