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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. 
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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]. 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



9 
 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



 

2.5.1 An

 

Figure 2.6

closed. 

 

 

 

 

 

 

 

 

 

When the

around the

 

The rate o

switch is c

 

 

 

 

 

 

Figure

nalysis for t

6 below sho

Figure 

e switch is 

e path conta

of change of

closed, as sh

e 2.7: Wave

V

the Switch 

ows the equi

2.6: Boost 

closed, the

aining the so

f current is 

hown in Fig

eforms for i

d
LV=V sL 

Closed 

ivalent circu

equivalent c

e diode is 

ource, induc

a constant, 

gure 2.7.  

inductor vol

or        
d

d

dt

diL

uit of boost

circuit for th

reverse bia

ctor, and clo

so the curre

ltage and cu

 
L

V
=

dt

di sL

t converter d

he switch c

ased. Kirch

osed switch

ent increase

urrent during

during the s

losed 

hhoff’s volt

h is 

 

es linearly w

g switch clo

10 

switch is 

tage law 

(2.1) 

 

while the 

osed 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



56 
 

 

REFERENCES 

 

 

 

[1] N. Jiteurtragool, C. Wannaboom, & W. San-Um (2013). A Power Control 

System in DC-DC Converter Integrated with Photovoltaic Arrays using 

Optimized Back Propagation Artificial Neural Network. Knowledge and 

Smart Technology (KST), 2013 5th International Conference. pp. 107 – 112. 

[2] Mohamed Elshaer, Ahmad Mohamed & O. A. Mohammed (2011). Smart 

Optimal Control of DC-DC Boost Converter for Intelligent PV Systems. 

Intelligent System Application to Power Systems (ISAP), 2011 16th 

International Conference. pp. 1 – 6.  

[3] W. M. Utomo, Z.A. Haron, A. A. Bakar, M. Z. Ahmad and Taufik (2011). 

Voltage Tracking of a DC-DC Buck-Boost Converter Using Neural Network 

Control.  International Journal of Computer Technology and Electronics 

Engineering (IJCTEE). Volume 1, Issue 3. 

 
[4] P.A. Dahono, M.F. Salam, F. M. Falah, G. Yudha, Y. Marketatmo & S. 

Budiwibowo (2009). Design and Operational Experience of Powering Base 

Transceiver Station in Indonesia by Using a Hybrid Power System. 

Telecommunications Energy Conference, 2009. pp. 1– 4  

 

[5] Vasanth Subramaniam. Evolution of Artifical Neural Network Controller for 

a Boost Converter. Master Thesis. National University of Singapore; 2007. 

 
 
[6] Ivan Petrovic, Ante magzan, Nedjeljko Peric and Jadranko Matusko (2000). 

Application of a neural predictive controller in boost converter input current 

control. Proceedings of the 2000 IEEE International Symposium. pp. 327 – 

332. 

 
 
 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



57 
 

[7] B. S. Dhivya, V. Krishnan and Dr. R. Ramaprabha (2013). Neural Network 

Controller for Boost Converter. 2013 International Conference on Circuits, 

Power and Computing Technologies. pp. 246 – 251. 

 

[8] A. Zahedi (1994). Energy, People, Environment, Development of an 

integrated renewable energy and energy storage system, an uninterruptible 

power supply for people and for better environment. The International 

Conference on Systems, Man, and Cybernetics, 1994. 'Humans, Information 

and Technology', Vol. 3 pp. 2692 – 2695. 

 

[9] Daniel W. Hart (2011). Power Electronics. McGraw-Hill, New York. pp. 196 

– 203.  

 

[10] B. M Hasaneen & Adel A. Elbaset Mohammed (2008). Design And 

Simulation Of Dc/Dc Boost Converter. Power System Conference, 2008. 

MEPCON 2008. 12th International Middle-East. pp. 335 – 340.  

 

[11] J. Mahdavi, A. Emadi & H.A. Toliyat (1997). Application of State Space 

Averaging Method to Sliding Mode Control of PWM DC/DC Converters. 

Industry Applications Conference, 1997. Thirty-Second IAS Annual Meeting, 

IAS '97., Conference Record of the 1997 IEEE. vol (2). pp. 820 – 827.  

 

 

 

 

 

 

 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH




