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ABSTRACT 

     Most of electronic equipment operates in range 1.5V to 24V and it always be powered 

from batteries. However, batteries have specific voltage value to deliver power for 

equipment, thus making it less flexible. For some cases, an adjustable power supply is 

needed for various reason, for example, a repair technician uses an adjustable power supply 

to troubleshoot a faulty component. Most universal power supplies that are available at 

market are designed by using step-down transformer, rectifier, and filter circuit. Thus, a 

desired voltage output at a constant value cannot be produced under different load due to 

open loop control configuration. To overcome this limitation, a variable power supply device 

is designed based on buck-boost converter circuit. The device will be equipped with closed 

loop control of sliding mode control (SMC) algorithm to enable constant output voltage 

under different load. SMC is used in this project since it can control the output voltage under 

various load conditions by using the same controller gain. The device will be developed by 

combination of Arduino microcontroller, buck-boost converter circuit, seven segment 

display and potentiometer, where the input of this device will be taken from 12VDC source. 
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ABSTRAK 

Kebanyakan peralatan elektronik beroperasi di antara 1.5V hingga 24V dan ia 

selalunya dikuasakan oleh bateri. Walau bagaimanapun, bateri mempunyai nilai voltan yang 

tertentu untuk menyediakan kuasa kepada peralatan, menyebabkan ia kurang fleksibel. 

Dalam sesetengah kes, bekalan kuasa boleh dilaras diperlukan untuk pelbagai kegunaan, 

sebagai contohnya, juruteknik menggunakan bekalan kuasa boleh dilaras untuk mengesan 

komponen yang rosak. Kebanyakan bekalan kuasa biasa yang terdapat di pasaran direka 

dengan menggunakan alat pengubah, penerus, dan litar penapis. Oleh itu, keluaran nilai 

voltan yang malar tidak dapat dihasilkan untuk beban yang berbeza kerana konfigurasi 

kawalan gelung terbuka. Untuk mengatasi kekurangan ini, peranti bekalan kuasa 

pembolehubah direka berdasarkan litar ‘buck-boost’. Peranti ini dilengkapi dengan kawalan 

gelung tertutup algoritma ‘Sliding Mode Control (SMC)’ untuk memastikan keluaran voltan 

yang malar di bawah beban yang berbeza. SMC digunakan dalam projek ini kerana ia dapat 

mengawal voltan output di bawah pelbagai keadaan beban dengan menggunakan ‘gain’ 

pengawal yang sama  Peranti ini akan dibangunkan oleh gabungan mikrokontroller Arduino, 

litar penukar buck-boost, paparan tujuh segmen dan potentiometer, di mana input peranti ini 

akan diambil dari sumber 12VDC. 
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1.1 Project background 

A power supply is an electrical device that supplies electric power to an electrical 

load. The primary function of a power supply is to convert electric current from a source to 

the correct voltage, current, and frequency to power the load. As a result, power supplies are 

sometimes referred to as electric power converters. Some power supplies are separate 

standalone pieces of equipment, while others are built into the load appliances that they 

power. 

A buck boost converter is a type of DC-to-DC converter that has an output voltage 

magnitude that is either greater than or less than the input voltage magnitude.  It is equivalent 

to a flyback converter using a single inductor instead of a transformer. The magnitude of 

output voltage of the buck boost converter is relying upon the duty cycle of PWM (Pulse 

Width Modulation) signal. 

A sliding mode control (SMC) is a nonlinear control technique featuring remarkable 

properties of accuracy, robustness, and easy tuning and implementation. The state-

feedback control law is not a continuous function of time. Instead, it can switch from one 

continuous structure to another based on the current position in the state space. Hence, 

sliding mode control is a variable structure control method. 

 

 

https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Electrical_load
https://en.wikipedia.org/wiki/Electrical_load
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Electric_power_converter
https://en.wikipedia.org/wiki/Flyback_converter
https://en.wikipedia.org/wiki/State_space_(controls)
https://en.wikipedia.org/wiki/Feedback
https://en.wikipedia.org/wiki/Continuous_function
https://en.wikipedia.org/wiki/Variable_structure_control
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1.2 Problem Statement 

The number and variety of electronic devices has dramatically increased in the few 

years and currently there is growing interest in electronic devices with flexible, thin, and 

large-area form factors. Most electronic devices work in the 1.5V to 24V range and usually 

be powered from equipment. The batteries, on the other hand, have a specific voltage value 

to deliver power for equipment, making it less flexible. In certain situations, an adjustable 

power supply is needed for a various of reasons, such as when a repair technician uses an 

adjustable power supply to troubleshoot a faulty component. 

Most universal power supply adapter devices on the market are built with a step-

down transformer, rectifier, and filter. As a result of its open-loop control, a desired voltage 

output at a constant value cannot be powered under different loads. 

Photovoltaic is another DC source that converts light energy to electrical energy 

through the photovoltaic effect. One benefit of using a photovoltaic device is that it does not 

rely on chemical reactions to generate electricity, instead relying on natural energy sources. 

Uncertain light intensity in natural energy sources, on the other hand, frequently results in 

unstable DC voltage output. Weather, either gloomy or bright, can be one of the factors that 

lead to irregularity in light intensity. The use of a closed loop buck boost converter allows 

to produce constant output voltage. 
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1.3 Project Objective 

a) To design DC power supply circuit based on buck boost converter where the 

input is taken from any batteries or other DC sources. 

b) To design a closed-loop control of buck boost converter by using sliding mode 

controller algorithm to form 1.5V to 24V adjustable DC power supply circuit. 

c) To develop a hardware prototype of the designed power supply circuit 

 

1.4 Project Scope 

The explanation of the scopes in this project are consist of circuit design, controller 

design and hardware: 

a) Circuit Design 

The fundamental theory of the buck boost converter will be used to design a 

circuit that consists of capacitor, inductor, resistor, MOSFET, and diode.  

Arduino Microcontroller based circuit will connect to buck boost circuit is also 

included in the design. 

b) Controller Design 

Design of closed loop control to provide the desired output of DC voltage that 

set by user based on sliding mode algorithm. 

c) Hardware 

The buck boost converter circuit designed combined with an Arduino 

microcontroller and other interfacing device to develop a hardware prototype of 

this project thus forming an adjustable output power supply circuit from 1.5 to 

24V. 
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2.1 Introduction 

This chapter involves literature reviews to obtain idea and information for developing 

the project of power supply design based on Arduino microcontroller based buck boost 

converter. Throughout this chapter will provides the literature review on buck boost 

converter, Sliding mode control, power supply circuit, and related previous work. 

 

2.2 Buck Boost Converter 

 

Figure 2. 1 Buck Boost Converter Circuit 

 

 

 

The buck boost converter is a DC-to-DC converter. The output voltage of the DC-to-

DC converter is less than or greater than the input voltage. The output voltage of the 

magnitude depends on the duty cycle (Elprocus, 2013). These converters are also known as 

the step up and step down transformers and these names are coming from the analogous step 

up and step down transformer. The input voltages are step-up/down to some level of more 

https://www.elprocus.com/dc-dc-converter-types/
https://www.elprocus.com/working-procedure-on-how-do-transformers-work/
https://www.elprocus.com/working-procedure-on-how-do-transformers-work/
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than or less than the input voltage. By using the low conversion energy, the input power is 

equal to the output power. The following expression shows the low of a conversion. 

Input power (Pin) = Output power (Pout)                               (2.1) 

For the step-up mode, the input voltage is less than the output voltage (Vin < Vout). 

It shows that the output current is less than the input current. Hence the buck booster is a 

step-up mode. 

Vin < Vout and Iin > Iout                                          (2.2) 

In the step-down mode the input voltage is greater than the output voltage (Vin > 

Vout). It follows that the output current is greater the input current. Hence the buck boost 

converter is a step-down mode. 

Vin > Vout and Iin < Iout                                          (2.3) 

 

Figure 2. 2 Demonstrates a circuit of buck boost. 

Figure 2.2 demonstrates a circuit of buckboost and the working principle of buck 

boost converter can be explained as follows: 

The working operation of the DC-to-DC converter is the inductor in the input 

resistance has the unexpected variation in the input current. If the switch is ON, then the 

inductor feed the energy from the input and it stores the energy of magnetic energy. If the 

switch is closed it discharges the energy. The output circuit of the capacitor is assumed as 
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high sufficient than the time constant of an RC circuit is high on the output stage. The huge 

time constant is compared with the switching period and make sure that the steady state is a 

constant output voltage Vo(t) = Vo(constant) and present at the load terminal. 

 

2.3 Arduino Microcontroller 

   Arduino microcontroller is an easy source platform utilized for building electronic 

papers. (Harshika, 2017). It is made up of a physical programmable circuit board with a 

microcontroller and software, known as an IDE (Integrated Development Environment), that 

runs on a computer. IDE is a programme that allows you to write and upload computer code 

to a physical board. 

   Arduino is a well-known platform because, unlike most programmable circuit boards, it 

does not require an isolated piece of hardware (programmer). A USB cable can be used to 

stack a modern circuit onto the board. Furthermore, the Arduino IDE employs C++ 

programming, which has been reorganised to make it easier to memorise. 

Arduino could be an ATmega8-based microcontroller board. There are 14 advanced 

if input and yield pins on this device. Six PWM output pins, six analogue input pins, a 16 

MHz ceramic resonator, a USB connection, a control jack, an ICSP header, and a reset button 

are all available. To begin started, Arduino can connect to a computer through USB or be 

controlled using an AC to DC adaptor or a battery. 

The Uno differs from other boards in that it does not include an FTDI USB-to-Serial 

driver chip. SDA and SCL pins are close to the AREF stick on the Uno, while two additional 

contemporary pins are close to the RESET pin. The name "Uno" means "one" in Italian, and 

it was chosen to commemorate the imminent release of Arduino 1.0. The Uno is the most 

recent in a series of USB Arduino boards, as well as the platform's reference model. 

(Harshika, 2017)  


