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ABSTRACT 

 

 

 

This master report presents a voltage control system for DC-DC boost converter 

integrated with Photovoltaic (PV) array using optimized feed-forward neural network 

controller. A specific output voltage of a boost converter is regulated at a constant 

value under input voltage variations caused by a sudden changes in irradiation for a 

purpose of supplying a stabilize dc voltage to Base Transceiver Station (BTS) 

telecommunication equipment that required a 48V dc input supply to be operated. 

For a given solar irradiance, the tracking algorithm changes the duty ratio of the 

converter such that the output voltage produced equals to 48V. This is done by the 

feed-forward loop, which generates an error signal by comparing converter output 

voltage and reference voltage. Depending on the error and change of error signals, 

the neural network controller generates a control signal for the pulse width-

modulation generator which in turn adjusts the duty ratio of the converter. The 

effectiveness of the proposed method is verified by developing a simulation model in 

MATLAB-Simulink program. Tracking performance of the proposed controller is 

also compared with the conventional proportional-integral-differential (PID) 

controller. The simulation results show that the proposed neural network controller 

(NNC) produce an improvement of control performance compared to the PID 

controller. 
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ABSTRAK 

 

 

 

Laporan ini membentangkan satu sistem kawalan voltan DC-DC penukar Boost yang 

memperolehi sumber voltan daripada sistem solar, dengan menggunakan  kaedah 

jaringan tiruan (ANN). Voltan keluaran daripada penukar Boost ini akan dikawal 

supaya sentiasa berada pada nilai yang tetap walaupun pelbagai voltan masukkan 

dikenakan yang terjadi disebabkan oleh perubahan mendadak sinaran matahari, bagi 

tujuan membekalkan voltan arus terus yang stabil kepada Stesen Transceiver Base 

(BTS) iaitu suatu peralatan telekomunikasi yang memerlukan bekalan voltan 

masukkan arus terus 48V. Apabila sesuatu nilai sinaran matahari diberikan, jaringan 

tiruan (ANN) ini akan memastikan penukar Boost hanya mengeluarkan voltan arus 

terus bersamaan dengan 48V sahaja. Ini dilakukan dengan menggunakan kaedah 

gelung suapan ke hadapan, yang akan menjanakan isyarat ralat daripada hasil 

daripada perbandingan yang telah dibuat di antara voltan daripada penukar Boost 

dengan voltan rujukan yang ditetapkan. Bergantung kepada nilai ralat yang terhasil, 

pengawal jaringan tiruan ini akan menjanakan isyarat kawalan kepada penjana nadi 

lebar modulasi, yang seterusnya akan memberikan nilai  nisbah duti penukar yang 

sesuai. Keberkesanan kaedah yang dicadangkan ini akan dikaji dengan 

membangunkan model simulasi menggunakan program MATLAB-Simulink. 

Prestasi daripada pengawal jaringan tiruan (ANN) yang dicadangkan ini akan 

dibandingkan dengan  pengawal konvensional PID. Keputusan simulasi 

menunjukkan bahawa, pengawal jaringan tiruan (ANN) ini telah menghasilkan 

peningkatan prestasi berbanding dengan pengawal konvensional PID. 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



vii 
 

 

 

 

 

CONTENTS 

 

 

 

 

 TITLE i 

 DECLARATION ii 

 DEDICATION iii 

 ACKNOWLEDGEMENT iv 

 ABSTRACT v 

 ABSTRAK vi 

 CONTENTS vii 

 LIST OF TABLES x 

 LIST OF FIGURES xi 

 LIST OF SYMBOLS AND ABBREVIATIONS xiv 

 LIST OF APPENDICES xv 

   

   

CHAPTER 1 INTRODUCTION 1 

 1.1   Project Background 1 

 1.2 Problem Statement 2 

 1.3 Project Objective 2 

 1.4 Project Scope 3 

 1.5 Thesis Overview 3 

   

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



viii 
 

 

CHAPTER 2 LITERATURE REVIEW 4 

 
2.1   Literature survey on existing model of neural 

network DC-DC converter 

4 

 2.2   Solar Energy 5 

 2.3 Photovoltaic Technology 5 

 2.4 Base Transceiver Station 7 

 2.5 Boost Converter 9 

  2.5.1 Analysis for the Switch Closed 10 

  2.5.2 Analysis for the Switch Open 11 

  2.5.3 Steady State Operation 12 

  2.5.4 Boost Converter Modes of Operation 13 

 2.6 Artificial Neural Network (ANN) 14 

 2.7 PID Controller 17 

    

CHAPTER 3 METHODOLOGY 19 

 3.1 Project Design 19 

 3.2 Modelling of Boost Converter 20 

  
3.2.1 Average State-Space Representation for 

DC-DC Boost Converter 

20 

 
3.3 Proposed neural network controller (NNC) 

architecture 

23 

 3.4 Training the Neural Network Controller 25 

 3.5 Modelling of Solar PV Module 26 

  3.5.1 Solar Cell Model 26 

  2.5.2 Photovoltaic Module 28 

   

CHAPTER 4 RESULT AND ANALYSIS 32 

 4.1 Boost Converter Using Open Loop System 32 

  4.1.1 Pulse Width Modulation (PWM) 33 

  4.1.2 Open Loop Boost Converter Subsystem 34 

  

4.1.2.1 Boost converter output voltage 

result for variant setting of duty 

cycle 

34 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



ix 
 

 

 4.2 Solar Model Simulation Result 36 

 
4.3 Closed Loop PV Boost Converter Using PID 

Controller 

37 

  
4.3.1 Simulation result for PV boost controller 

using PID 

39 

 
4.4 Closed Loop PV Boost Converter Using Neural 

Network Controller 

40 

 
 4.4.1 Simulation Result For PV Boost 

Controller Using Neural Network 

43 

 
4.5 Performance Comparison Between PV Boost 

Converter Using Neural Network And PID. 

44 

  
4.5.1 Simulation result comparison for Neural 

Network and PID controller response 

45 

  
 4.5.1.1 Simulation result for sun 

irradiance at 1200 W/m2 

46 

  
 4.5.1.2 Simulation result for sun 

irradiance at 1000 W/m2 

47 

  
 4.5.1.3 Simulation result for sun 

irradiance at 800 W/m2 

48 

  
 4.5.1.4 Simulation result for sun 

irradiance at 600 W/m2 

49 

  
4.5.2 Summary of performance for Neural 

Network and PID controller 

50 

  
4.5.3 Simulation result for daily actual sun 

irradiance data in Subang, Selangor. 

51 

   

CHAPTER 5 CONCLUSION AND FUTURE 

RECOMMENDATION 

54 

 5.1 Conclusion 54 

 5.2 Future Recommendation 55 

   

REFERENCES 56 

APPENDIX 58 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



x 
 

 

 

 

 

LIST OF TABLES 

 

 

 

3.1 Parameters of the boost converter 22 

3.2 Solar cell parameters 28 

4.1 Boost converter components value 33 

4.2 Deviation of voltage resulted from open loop circuit Boost 

Converter 

34 

4.3 Value for KP, KI and KD 38 

4.4 Comparison of boost output voltage with the reference voltage 

for PID controller 

40 

4.5 Output voltage for variant number of neurons used in hidden 
layer 

41 

4.6 Comparison of boost output voltage with the reference voltage 

for neural network controller 

44 

4.7 Time duration of sun irradiance 45 

4.8 Comparison of boost output voltage with the reference voltage 

for Neural Network and PID controller. 

50 

4.9 Actual irradiance raw data taken from Subang Metereological 
Station, Selangor, Malaysia   

51 

4.10 Output voltage produced for each of the actual irradiance data 
taken in Subang, Selangor, Malaysia. 

53 

 

 

 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xi 
 

 

 

 

 

LIST OF FIGURES 

 

 

 

2.1 Base Transceiver Station (BTS) 7 

2.2 Base Transceiver Station tower 7 

2.3 Scheme of conventional BTS (P. A. Dahono et al,. 2009). 8 

2.4 Base Transceiver Station using renewable energy (P. A. Dahono 

et al,. 2009). 

9 

2.5 Boost converter 9 

2.6 Boost equivalent circuit for the switch closed 10 

2.7 Waveforms for inductor voltage and current during switch closed 10 

2.8 Boost equivalent circuit for the switch opened 11 

2.9 Waveforms for inductor voltage and current during switch 

opened 

11 

2.10 Inductor current waveform in CCM and DCM modes 14 

2.11 Schematic of a Biological Neuron   14 

2.12 Multilayer perceptron 16 

2.13 PID controller structure 18 

3.1 Block diagram of the proposed PV boost system control by 

neural network controller 

19 

3.2 DC – DC Boost converter 20 

3.3 Simulink diagram of state space averaged model of the boost 

converter 

22 

3.4 Proposed neural network structure 23 

3.5 Simulink block of neural network controller 23 

3.6 Look under mask block of neural network controller 24 

3.7 Hidden layer architecture of the neural network 24 

3.8 Neural network weight connection 25 

3.9 Neural network fitting tool toolbox 25 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xii 
 

 

3.10 Solar cell simulink block 26 

3.11 The equivalent circuit for solar block model 27 

3.12 Solar photovoltaic module consist of 72 solar cells 28 

3.13 The parallel connection of 36 solar cells inside a solar  

photovoltaic module 

29 

3.14 The parallel connection of 18 solar cells inside 36 solar cells 

block 

29 

3.15 The parallel connection of 6 solar cells inside 18 solar cells block 29 

3.16 The series connection of 6 solar cells 30 

3.17 The complete circuit connection of solar photovoltaic module 31 

4.1 Open-loop modelling of Boost DC-DC converters 32 

4.2 PWM design 33 

4.3 Duty cycle waveform 33 

4.4 Subsystem for open loop boost converter 34 

4.5 Output voltage for duty cycle, D = 0.2 35 

4.6 Output voltage for duty cycle, D = 0.4 35 

4.7 Output voltage for duty cycle, D = 0.6 35 

4.8 Output voltage for duty cycle, D = 0.8 36 

4.9 Solar model 36 

4.10 Effect of irradiance to solar output voltage 37 

4.11 PV boost system using PID controller 38 

4.12 Modelling design of PID controller 38 

4.13 Boost converter and solar voltage using PID Controller 39 

4.14 Simulation of Irradiance reading from the sun 39 

4.15 PV boost system using Neural Network controller 40 

4.16 Two layer feed-forward neural network 41 

4.17 Mean squared error 42 

4.18 Error histogram 42 

4.19 Function fit between output and target 43 

4.20 Boost converter and solar voltage using Neural Network 

Controller 

43 

4.21 PV boost design model using Neural Network and PID 44 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiii 
 

 

4.22 Comparison of boost output voltage response when using Neural 

Network or PID Controller 

45 

4.23 Comparison of boost output voltage response when using Neural 

Network or PID Controller for sun irradiance at 1200 W/cm2 

46 

4.24 Settling time for Neural Network and PID controller for  

sun irradiance at 1200 W/cm2 

46 

4.25 Comparison of boost output voltage response when using Neural 

Network or PID Controller for sun irradiance at 1000 W/cm2 

47 

4.26 Settling time for Neural Network and PID controller for  

sun irradiance at 1000 W/cm2 

47 

4.27 Comparison of boost output voltage response when using Neural 

Network or PID Controller for sun irradiance at 800 W/cm2 

48 

4.28 Settling time for Neural Network and PID controller for  

sun irradiance at 800 W/cm2 

48 

4.29 Comparison of boost output voltage response when using Neural 

Network or PID Controller for sun irradiance at 600 W/cm2 

49 

4.30 Settling time for Neural Network and PID controller for  

sun irradiance at 600 W/cm2 

49 

4.31 Performance of Neural Network and PID controller in terms of 

settling time 

50 

4.32 Daily irradiance data in Subang, Selangor, Malaysia 52 

4.33 Neural Network response towards different value of actual 

irradiance data in Subang, Selangor, Malaysia. 

52 

4.44 Distribution of output voltage error 53 

 

 

 

 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiv 
 

 

 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

 

 

PV - Photovoltaic  

DC - Direct Current  

PWM - Pulse Width Modulation  

PID - Proportional integral derivative Control  

ANN - Artificial Neural Network  

BTS - Base Transceiver Station  

GSM - Global System for Mobile  

CDMA - Code Division Multiple Access  

WAN - Wide Area Network  

AC - Alternate Current  

CCM - Continuous Current  Mode  

DCM - Discontinuous Current Mode  

VL - Inductor Voltage  

VS - Supply Voltage  

iL - Inductor Current  

Δ - Small Constant Value  

T - Time  

D - Duty Cycle  

Vo - Output Voltage  

Io - Output Current  

R - Resistance  

L - Inductance  

C - Capacitance  

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xv 
 

 

 

 

 

LIST OF APPENDICES 

 

 

 

APPENDIX TITLE PAGE 

   

A Neural Network Programming 58 

   

   

   

   

   

   

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



1 
 

 

 

 

CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Project background 

 

Renewable energy has become a higher priority for both research and industry 

communities due to natural gas and pollution have increased, and considerable 

attempts to find sources of energy efficiency have been made extensively. 

Photovoltaic systems (PV), which convert sunlight into electricity, has been regarded 

as one of the potential alternative because there is no fuel costs, low maintenance 

costs, low operating costs and no sound. PV systems are classified into three types, 

namely, grid-connected systems, stand-alone and hybrid. All types require an 

electronic interface between the solar panel system for either direct current or 

alternating load [1]. 

 In particular for stand-alone PV systems that produce constant and specific 

output voltage, the electronics interface system is required between the output of the 

PV system and the load. Typically, PV systems make use of a DC-DC boost 

converter, which is a category of switching power regulator that provides an output 

voltage greater than a received input voltage. Such a boost converter also fixes the 

output voltage even though the solar cells deliver unstable input voltage due to 

variations of irradiation intensity. In general, the boost converter operates at a certain 

duty cycle resulting in a specific output voltage value. In the case when the input 

voltage is changed while the duty cycle is still kept constant, the output voltage will 

vary. Most converters are controlled by a pulse width modulation (PWM) technique 

that regulates the constant output voltage through the change in the duty cycle in the 

control signal. 
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 Traditional design techniques are based on Proportional-Integral-Derivative 

(PID) controllers in which parameters can be adjusted for appropriate settling-time, 

overshoot and specific output values according to Mohamed Elshaer [2]. However, 

the PID controller is not sufficient for non-linear systems. Hence, an Artificial 

Neural Network (ANN) has become proficient solution for non linear system 

controls [3], with the capability of learning problems and predicts the next solution.

 In this project, the output voltage control system for boost converter 

integrated with PV model is studied with the purpose of controlling a specific output 

voltage under input voltage variation caused by changes in irradiation of the solar 

cells. The ANN control technique is used to regulate the output voltage. The 

application of this system is to supply a constant dc 48V to Base Transceiver Station 

(BTS) that used in telecommunication system according to P. A. Dahono [4]. 

 

1.2 Problem statement 

 

Photovoltaic (PV) system, which converts sunlight into electricity is not always 

received an optimum sun irradiation everyday. The sudden changes in irradiation 

will cause the output voltage of the PV system varies. Therefore the stand-alone PV 

system without an electronics interface system between the output of the PV system 

and the load is not suitable to be used to supply power to an application that required 

a constant dc supply to be operated such as Base Transceiver Station (BTS) 

telecommunication equipment that required a 48V dc input supply. 

 

1.3 Project objective 

 

The objectives of this project are: 

i. To develop a simulation of PV boost converter using Neural Network 

controller to control a specific output voltage under input voltage variation 

caused by changes in irradiation of the solar cells.   

ii. To analyze the performance of boost converter in stabilizing the output 

voltage between the controlling scheme using PID and Neural Network 

controller. 
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1.4 Project scope 

 

The scopes of this project is to simulate the proposed method of stabilize the output 

voltage of the Boost converter by using Neural Network Controller (NNC) with 

MATLAB Simulink software. Neural network controller will be design based on a 

two-layer feed-forward network with sigmoid hidden neurons and linear output 

neurons and train by using Levenberg-Marquardt back-propagation algorithm. 

 

1.5 Thesis overview 

 

This thesis is organized into five chapters. The structure and description of the thesis 

can be described as follows.  

 Chapter 1 describes about project background, problem statement, project 

objectives and project scope.  Chapter 2 covers the literature review of previous case 

study based on neural network controller background and development. Besides, 

general information about renewable energy, Base Transceiver Station, Boost 

Converter and theoretical revision on neural network control system also described in 

this chapter. Chapter 3 presents the methodology used to design open loop Boost 

Converter and neural network controller.  

 Chapter 4 shows the analysis for open loop, closed loop using PID and 

Neural Network using boost converter circuit. Lastly, Chapter 5 will go through 

about the conclusion and future recommendation for future study.  
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

 

2.1 Literature survey on existing model of neural network DC-DC converter  

 

Since neural network controller can mimic human behaviour, many researchers 

applied neural network controller to control voltage output. A thorough literature 

overview was done on the usage of neural network controller as applied in DC-DC 

Boost Converter. 

 

 N. Jiteurtragool, C. Wannaboom and W. San-Um [1], proposed a power 

control system in DC-DC Boost converter integrated with photovoltaic arrays using 

optimized back propagation artificial neural network by using MATLAB simulink 

software. The simulation result shows the neural network controller possesses fast 

settling time of 6.4ms with low voltage ripples of approximately 0.625%. 

 

 Vasanth Subramaniam (2007) [5], proposed an evolution of artificial neural 

network controller for a boost converter by using MATLAB simulink software. The 

simulation result shows that the performance of the artificial neural network 

controller are comparable to the PI controllers and also some of the problems of the 

conventional linear control techniques for non-linear system have been mitigated, 

proving these AI based control techniques would be the future of controller design. 
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Ivan Petrović, Ante Magzan, Nedjeljko Perić and Jadranko Matuško [6], 

proposed a neural control of boost converter input current by using MATLAB 

simulink software. The simulation result shows that the neural network controller 

provides much better responses of the input current than PI controller: 15 times 

shorter settling time, 2 times better ripples attenuation and responses without 

overshoots in opposite to 35% overshoots. Besides, it is much easier to adjust neural 

network controller then the PI controller.  

 

B. S. Dhivya, V. Krishnan and Dr. R. Ramaprabha [7], proposed a Neural 

Network Controller for Boost Converter by using MATLAB simulink software. The 

simulation result shows that the ANN based controller proves to have a fast response 

in tracking the desired output voltage and is also effective ill decreasing overshoot, 

oscillations and settling time. 

 

2.2 Solar Energy 

 

Solar energy is energy that is extracted from the radiation released from the sun in 

the form of heat and electricity. This energy is essential to all life on earth. It is a 

renewable source of clean, economical, and less pollution than other sources of 

energy [8]. Therefore, solar energy is rapidly gaining notoriety as an important 

means of expanding renewable energy resources. Therefore, it is important that 

people understand the technology of engineering associated with this area. 

 

2.3 Photovoltaic Technology 

 

Photovoltaic (PV) systems use cells to convert solar radiation into electricity. The 

cell consists of layers of a semi-conducting material. When light shines on the cell it 

creates an electric field across the layers, causing electricity to flow. The greater the 

intensity of the light, the greater the flow of electricity will. However, a PV system 

can also generate electricity on cloudy days; it does not need bright sunlight to 

operate. The performance of a solar cell is measured in terms of efficiency at turning 

sunlight into electricity. A typical commercial solar module has an efficiency of 15% 

-- in other words, about one-sixth of the sunlight striking the module is converted 
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into electricity. Improving solar module efficiencies while holding down the cost per 

cell is an important goal of the PV industry.  

Cristalline silicon (monocrystalline or polycristalline) and Thin Film are the 

two main photovoltaic technologies.  

 Crystalline silicon 

Made from thin slices cut from a single crystal of silicon (monocrystalline) or 

from a block of silicon crystals polycrystalline), with an efficiency ranging 

between 11% and 20%. This technology represents about 85% of the market 

today 

 

 Thin Film 

Made by depositing extremely thin layers of photosensitive materials onto a 

low-cost backing such as glass, stainless steel or plastic. Lower production 

costs counterbalance this technology’s lower efficiency rates (from 5% to 

13% average) 

 

 Other cell types 

Several other types of PV technologies are being developed today or are 

starting to be commercialised, including concentrated photovoltaics (operates 

with concentrated sunlight, using a lens to focus the sunlight onto the cells) 

and flexible cells (similar production process to thin film cells, their 

flexibility opens the range of applications). 
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2.4 Base Transceiver Station 

 

A base transceiver station (BTS) as shown in Figure 2.1 below is a piece of 

equipment that facilitates wireless communication between user equipment (UE) and 

a network which required dc 48V input power supply [4]. The location of the BTS is 

inside a BTS tower as per Figure 2.2. UEs are device like mobile phones, computers 

with wireless internet connectivity and others. The network can be that of any of the 

wireless communication technologies like GSM, CDMA, wireless local loop, WAN, 

WiFi, WiMAX and others. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Base Transceiver Station (BTS) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Base Transceiver Station tower 
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BTS conventional power system scheme is shown in Fig. 2.3. BTS is usually power-

driven by utility lines. A diesel generator is typically used as back-up. Air 

conditioning and lighting systems are powered from the AC bus. By using rectifiers, 

AC power is converted into 48V dc power. Batteries and telecommunication 

equipment connected directly to 48V dc bus. These batteries are typically designed to 

provide at least 6 hours of back-up time. In rural areas, however, diesel generator is 

usually the main source. For small BTSs, around 2000 liters of diesel fuel needed 

each month. In rural areas or small islands, the main problem is how to deliver the 

fuel. Just in several years, the fuel cost may exceed the price of the BTS itself [4]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: Scheme of conventional BTS [4] 
 
 

Figure 2.4 below shows the proposed system that used a renewable energy as 

a power supply for the BTS to reduce the operating cost when using diesel. In this 

system, the wind and PV power plants produce dc voltage.  For solar PV, each array 

is connected to the dc bus through a solar charge controller. The charge controller is 

basically a boost converter that operates according to the dc bus voltage. No 

maximum power point tracker is provided in this solar charge controller [4]. 
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Figure 2.4: Base Transceiver Station using renewable energy 
(P. A. Dahono et al,. 2009). 

 

2.5 Boost converter 

 

The boost converter is shown in Figure 2.5. This is a switching converter that 

operates by periodically opening and closing an electronic switch. It is called a boost 

converter because the output voltage is larger than the input [9]. 

 

 

 

 

 

 

 

 

Figure 2.5: Boost converter 

  

The boost converter is analysed in two condition which are during switch 

position is closed and switch position is opened. It is to be done before all the related 

formula of the boost converter can be derived. 
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