
 

 

 

 

 

 

 

 

 

 

 

SMART BATTERY CHARGER SYSTEM BASED ON 

EMBEDDED MICROCONTROLLER 

 

by 

 

WALEED ABDULRAZZAQ ORAIBI 

1432221155 

 

A dissertation submitted in partial fulfillment of the requirements for the degree of 

Master of Science (Electrical Power Engineering) 

 

School of Electrical System Engineering 

UNIVERSITI MALAYSIA PERLIS 

 
2015 

 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



UNIVERSITI MALAYSIA PERLIS 
 

 

DECLARATION OF THESIS 
 

 
 

 Author’s full name : WALEED ABDULRAZZAQ ORAIBI 

 Date of birth : 1988-06-18 

   Title     :   Smart Battery Charger System Based On Embedded Microcontroller  

  Academic Session   :            2014 / 2015 

 

 

 

 

I hereby declare that the thesis becomes the property of University Malaysia Perlis (UniMAP) and to be placed 

at the library of UniMAP. This thesis is classified as: 

 
 
 

CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)* 
 
 
 

RESTRICTED (Contains rest r ic ted informat ion  as  specif ied by the organizat ion  

where research was done)* 

 
          OPEN ACCESS I  agree  that  my  thesis  is  to  be  made  immediately  available  as  hard 

copy or on-line open access (full text) 

 
I, the author, give permission to the UniMAP to reproduce this thesis in whole or in part for the purpose of 

research or academic exchange only (except during a period of    years, if so requested above). 

 

 
Certified by: 

 
 
 

SIGNATURE SIGNATURE OF SUPERVISOR 
 
                                   A3455456        Dr. Abadal-Salam Taha Hussain  
            

(PASSPORT NO.) NAME OF SUPERVISOR 
 

Date:   Date:    
 

 
 
 
 
 

NOTES: * If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the organization with period and reasons for 
confidentially or restriction. 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



ii 
 

 

ACKNOWLEDGMENT 

 

First and foremost, I would like to praise and thank Allah the almighty (SWT), who 

has granted me countless blessing, knowledge and opportunity to write this project. I offer 

thanks and profound gratitude to my supervisor Dr. Abdal-Salam Taha Hussain who 

support me with his experience and knowledge which has opened new vistas to me in 

Embedded system Engineering. I would like to thank the UniMAP University and School 

of Electrical Power System Engineering lecturers for their support during this intake. A 

great deal of thanks goes to my father and mother for their endless support to me. 

 

 

 

 

 

 

 

 

 

 

 

 

WALEED ABDULRAZZAQ ORAIBI  

UNIVERSITY MALAYSIA PERLIS (UniMAP) 

  

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



iii 
 

TABLE OF CONTENTS 

 

 

 

 PAGE 

THESIS DECLARATION  i 

ACKNOWLEDGMENT   ii 

TABLE OF CONTENTS  iii 

LIST OF TABLES   vii 

LIST OF FIGURES  viii 

LIST OF ABBREVIATION x 

ABSTRAK  xii 

ABSTRACT xiii 

CHAPTER 1   INTRODUCTION   

1.1 Introduction    1 

1.2 Background   2 

1.3 Research Problem 3 

1.4 Research Objective  4 

1.5 Research Scope  4 

 

1.6       Organization Of Thesis 5 

CHAPTER 2   LITERATURE REVIEW   

2.1 Introduction 7 

2.2 Photovoltaic (PV) System 7 

2.3 Rechargeable Batteries 9 

2.4       Methods for Charging Process 10 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



iv 
 

 2.4.1  Intermittent Charging (IC) 10 

 2.4.2    Three Stage Charging 11 

 2.4.3 Interrupted Charge Control (ICC) 12 

2.5          Microcontroller Based Charge Controller 13 

2.6  Voltage Regulators LM 7805 and LM317T 23 

CHAPTER  3   RESEARCH METHODOLOGY    

3.1 Introduction 25 

3.2 Block Diagram Explanation   27 

3.3 Software Design and Implementation    30 

 3.3.1 Micro C software  30 

 3.3.2 PIC Kit 2 Programmer Software 31 

 3.3.3     Proteus Software 32 

3.4 Circuit Description and Operation (Simulation) 34 

 3.4.1 Voltage Regulators   37 

 3.4.2  Embedded Digital Voltmeter and Ammeter   38 

 3.2.3     LCD Modeling 42 

 3.4.4     Electromagnetic Relay 43 

3.5  Hardware Design and Implementation   45 

 3.5.1    PIC 16F877A Microcontroller. 45 

 3.5.2 PIC Start-Up Kit 46 

 3.5.3 LCD Display Unit 47 

 3.5.4 Solar Penal  49 

 3.5.4.1 Determine the Load Power Demands 50 

 3.5.4.2 PV Modules Size 50 

 3.5.5    Battery 12V (Lead-Acid) 51 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



v 
 

 

 3.5.6 PCB Fabrication and Soldering 53 

 3.5.7 Other Component Description  55 

3.6 High Power Battery Charger Based On Embedded System    57 

  3.6.1     Circuit Description and Operation (Simulation) 61 

3.7       Summarize  64 

CHAPTER 4    RESULT AND DISCUSSIONS  

4.1        Introduction 69 

4.2  Battery Charger Controller 69 

4.3  Simulation Result 70 

4.4        Hardware Result From The Solar Charger Controller 73 

 4.4.1      PV Testing Result 73 

 4.4.2   Charging Current 76 

 4.4.3      V-I Charging Characteristic 79 

 4.4.4      Resistive Load 81 

 4.5   Discussion  82 

 4.6  Summarize  84 

CHAPTER 5   CONCLUSION AND FUTURE WORKS  

5.1  Introduction   85 

5.2 Conclusion  85 

5.3       Future Work 88 

REFERENCES 90 

APPENDIX A 94 

APPENDIX B 107 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



vi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 112 

APPENDIX D 114 

APPENDIX E 117 

LIST OF PUBLICATIONS 119 

LIST OF AWARED 120 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



vii 
 

LIST OF TABLES 

NO  PAGE 

3.1 Resolution vs. Step Size for ADC 40 

3.2 Description of 16 X 2 LCD Pins 48 

3.3 Lead-Acid Battery Specification 52 

3.4 Digital Logic “OR” Gate Truth Table 64 

3.5 Comparison of the Battery Charger Based PIC16F877A and Another 

Based IC LM741. 

 

66 

3.6 Comparison of Battery Charger Based PIC16F877A Microcontroller 

and Other Charger Based PIC16F72. 

 

67 

4.1 Data Collected From Simulation 70 

4.2 Data Collected To Calculate The Efficiency (Ƞ) 71 

4.3 Charging Current Collected Data  76 

4.4 Charging Voltage and Current 80 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



viii 
 

LIST OF FIGURES 

 

 

NO.  PAGE 

2.1 Intermittent Charging. (Armstrong. et al., 2008) 

 

11 

2.2 Charging Stages for Lead-Acid Battery (Buchmann, 2011) 12 

2.3 Interrupted Charge Control (ICC) (Bhatt, et al., 2005) 13 

2.4 Block Diagram for Charging Circuit (Nowshad Amin, et al., 2008) 15 

2.5 Block Diagram for Charging Circuit (Ahmad Shukri at el., 2010) 16 

2.6 Block Diagram of PIC Connection (Nowshad Amin et al., 2009) 18 

2.7 Block Diagram of Charging Circuit. (Jaya Ingole et al., 2012) 20 

2.8 Charging Status Of 12V Battery (Mohammed Shoaib, 2013).   23 

2.9 LM317T Voltage Regulator 24 

3.1 Flow Chart for Research Methodology 26 

3.2 Block Diagram for Battery Charger controller. 28 

3.3 Flow Chart for Charging Process 29 

3.4 Micro C Software Version 5.2.0 31 

3.5 PIC Kit2 Programmer Software  32 

3.6 Proteus Simulation Software Version 8 33 

3.7 PCB Layout for Battery Charger Circuit 34 

3.8 Battery Charger Circuit Simulation 36 

3.9 LM317T Voltage Regulator 37 

3.10 LM7805 Voltage Regulator 38 

3.11 Voltage Divider 39 

3.12 LM016L (2 x 16) LCD Display Unit 42 

3.13 12V Relay Connection 44 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



ix 
 

3.14 PIC Start- Up Kit Programmable 47 

3.15 Display Unit 16 x 2 LCD 48 

3.16 Solar Panel Module WGN-20V100 WP 49 

3.17 Lead-Acid Battery (12V)   51 

3.18 Battery Charging Characteristic 53 

3.19 Implementation of PCB Double Side Board 54 

3.20 PCB Board with Connection 55 

3.21 Crystal Oscillator and Capacitors Connections 57 

3.22 Battery Charger Simulation Circuit 59 

3.23 LM044L Liquid Crystal Display 62 

3.24 Alarm Circuit for High Power Battery Charger 62 

3.25 BC107 Switching Transistors of Multi Batteries 63 

4.1 Characteristic of Charging Current Corresponding Battery Voltage 71 

4.2 Characteristic Curve For Charging Current And Battery Voltage 72 

4.3 Cut Off The Charging Process Based On Temperature Sensors 73 

4.4 Data Collected From PV for Voltage 74 

4.5 Data Collected For Irradiance 75 

4.6 Data Collected For Temperature (oC) 75 

4.7 Battery Voltage during Charging Process 77 

4.8 Charging Current 77 

4.9 Battery Voltage Statuses Displayed On the LCD 

 

79 

4.10 V-I Charging Characteristic Curve  80 

4.11 Load Current at 12Ω Resistive Load 81 

4.12 Battery Voltage at 12 Resistive Load 82 

 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



x 
 

LIST OF ABBREVIATIONS 

 

µc Microcontroller  

µF Micro Farad   

pF Pico Farad   

A Ampere  

AC Alternating Voltage  

ADC Analog To Digital Converter  

ADCCO0 Analog To Digital Converter Control Register  

Ah Ampere Hour  

C Capacitor  

CMOS Complementary Metal–Oxide–Semiconductor  

CPU Central Processing Unit  

DB Data Bus Line  

DC Direct Voltage  

E Enable Signal  

G Ground   

HEX Hexadecimal   

I Current  

 I/O Input/ Output  

IC Intermittent Charging  

ICC Interrupted Charge Control  

IEEE  Institute of Electrical and Electronics Engineers  

LCD Liquid Crystal Display  

LED Light- emitting diode  

MCLR Master Clear Reset   

MHz Mega Hertz  

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



xi 
 

MOSFET Metal Oxide Semiconductor Field Effect Transistor  

NC Normally Close  

NO Normally Open  

OCS Crystal Oscillator  

PCB Print Circuit Board  

PIC Peripheral Interface Controller  

PV Photovoltaic System   

R Resistor  

R/W Read/Write Signal  

RAM Random-Access Memory  

RL Relay  

ROM Read Only Memory  

RS Register Select Signal  

SC Clock Source  

SW Switch  

TMR Timer   

V Volt  

V Voltage  

VIN Input Voltage  

VOUT Output Voltage  

VREF Reference Voltage  

W Watt  

Wh Watt Hour  

WP Watt Panel  

 

 

 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 



xii 
 

Sistem Pengecas Bateri Pintar Berasaskan Pengawal Mikro Terbenam 

 

ABSTRAK 

 

Sebuah pengawal pengecas bateri yang cekap dan selamat adalah bahagian yang penting 

dalam pengecasan dan perlindungan sistem elektrik yang digunakan untuk mengecas 

bateri boleh dicas semula. Kebanyakan pengecas yang tidak cekap adalah kerana jalan 

integrasi dan caj proses pemantauan yang tidak mempunyai LCD untuk memaparkan 

voltan dan status semasa bagi beban dan bateri.Mereka  juga tidak menyediakan 

perlindungan untuk bateri terhadap pengecasan berlebihan, menyahcas  dan kos tinggi. 

Pelaksanaan teknik pengawal pengecas bateri dalam aplikasi sistem terbenam merupakan 

teknik baru dan aspek yang sangat penting. Oleh itu, reka bentuk di simulasikan 

menggunakan perisian simulasi Proteus, dan kemudian litar prototaip ditubuhkan. 

Pengaturcaraan yang  digunakan dalam reka bentuk ini adalah perisian yang 

menggunakan bahasa Mikro C. Reka bentuk peranti terdiri daripada litar pengecas yang 

melaksanakan mengecas, LCD untuk memaparkan tahap voltan pengecasan bateri dan 

arus beban/voltan , sensor untuk mengesan beban  voltan dan juga voltan segera bateri. 

The PIC16F877A Pengawal Mikro telah digunakan sebagai komponen utama untuk 

mengawal dan mengurus semua acara mengecas dan menyahcas dalam litar dan juga 

untuk menyediakan perlindungan terhadap bateri lebih dan di bawah tahap voltan. 

Pemodelan penukar analog ke digital (ADC) digunakan dalam PIC untuk mengukur tahap 

voltan bateri dan beban voltan dan arus. LED penggera kebakaran di telah digunakan 

dalam reka bentuk ini untuk mengesan lebih beban dan lebih mengecas. Pengawal 

pengecas bateri telah dibangunkan untuk mengenakan cas  dan kawalan lebih daripada 

lima bateri dengan kapasiti yang berlainan. Setiap bateri telah dikawal secara individu 

oleh penyelarasan dua PIC’s pengawal mikro. Serta dua LCD telah digunakan untuk 

menunjukkan bateri voltan, voltan dan arus beban. Transistor pensuisan penguat dikawal 

oleh PIC dan digunakan untuk mengawal geganti perlindungan bateri terhadap 

pengecasan berlebihan dan menyahcas. Sistem penggera litar telah direka bentuk dan 

diporgramkan di dalam kedua-dua penyelaras PIC’s untuk memberi amaran apabila 

berlakunya arus berlebihan ke atas beban.LED juga digunakan bagi setiap bateri dalam 

litar ini untuk menunjukkan apabila setiap bateri dicas sepenuhnya. Kecekapan litar ialah 

85%. Setiap keputusan juga telah diambil daripada simulasi dan pelaksanaan litar yang 

telah diplotkan untuk tujuan penjelasan. Maka, apabila voltan bateri 12V litar terputus 

proses pengecasan membentuk bateri. Di samping itu, apabila beban lebih itu berlaku, 

litar akan pemberi amaran dalam bentuk penggera dan memotong proses pengecasan. 
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Smart Battery Charger System Based On Embedded Microcontroller 

 

ABSTRACT 

 

An efficient and embedded battery charger controller is the important part in the electrical 

charging and protection systems which used to charge the rechargeable batteries. Most of 

the chargers are not efficient, due to the way of their integration and charging monitoring 

process due to not availability of LCD to display the voltage and current status of the load 

and battery, as well as they do not provide a protection for the batteries against 

overcharging, discharging, high cost and inaccurate. The implementation of battery 

charger controller techniques on an embedded system application based solar panel is a 

new technique and very important aspect. So, the design is simulated by Proteus 

simulation software, and then prototype circuit is set up. The programing software in the 

design which was developed by Micro C language. The designed device consists of a 

charger circuit which performs charging, LCD to display the battery charging voltage 

level, load current / voltage, sensors to sense the load voltage and current as well as the 

battery instant voltage. The PIC16F877A Microcontroller was used as the main 

component to control and manage all charging and discharging events in the circuit as 

well as to provide protection of battery against over and under voltage level. The 

modeling of analog to digital converter (ADC) was used in the PIC to measure the voltage 

level of the battery and load voltage and current. The alarm LEDs fires on were used in 

this design for over load and over charging. The embedded battery charger controller was 

developed to be more intelligent based on suitable DC source and used to charge and 

control up to five batteries with different capacities. Each battery was individually 

controlled by a synchronization of two PICs microcontrollers and another PIC was used 

to control on the batteries temperature. All the three LCDs were used to indicate the 

batteries voltage, load voltage, load current and batteries temperature. The switching 

amplifier transistors were controlled by PICs via OR gates to control the operation of 

relays to protect the batteries against overcharging, discharging and the temperature that 

produced during the charging process. The alarm system circuit was designed and 

programmed in both of synchronized PICs to alarm when the overcurrent is occurred at 

the load. LEDs were also used for each battery in this circuit to indicate when each battery 

is fully charged. The efficiency of the circuit was 85%. As well as, the results were 

collected from the simulation and implementation of the circuit and plotted for explaining 

purpose. So, when the battery voltage is 12V the circuit cut off the charging process form 

the battery. In addition, when the over load is occurred, the circuit will alarm warning and 

cutoff the charging process.  
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CHAPTER 1 

 

INTRODUCTION  

 

 

1.1 Introduction  

 

         As the source of conventional energy exhaust day by day according to the energy 

information administration (EIA) department of energy in the United States. They are 

predicted the world will face shortage of liquid fossil fuels in the next few years. As well 

as the population in the world and the total of fossil fuels are consumed rising at an 

alarming rate. Thus, after several years in the future the world’s fossil fuel may not be 

able to cover the activities, so the restoring of alternative energy source like solar energy 

was needed to fill the shortage occurred (Dipayan, et al., 2010). Thus, the renewable 

energy source in addition to solar photovoltaic module, rechargeable batteries and 

chargers controller are needed to satisfy the energy demand at normal and peak load. So, 

this project is seek to design a smart battery charger that control the charging process 

applied on the battery. The inexpensive smart battery charger controller for solar panel 

will be beneficial to optimize the output power that demand by the load. Thus, here a 

PIC16F877A chip is the main processor that used in the circuit to control on the whole 

events and to be developed and efficient.  

 

The PIC16F877A microcontroller is more than efficient and include properties 

compare with others PIC. It features 200ns execution of instruction, 256 bytes of 

EEPROM data memory and considered the second highest memory of PIC at this time, 

10 bit analog to digital converter. All this properties are very useful and could be 
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programed in the C language (Wilhelm, et al., 2006). Which all the properties that are 

mentioned above are used to manage the charging process of the battery as well as to 

protect the battery from the damage that results from the overcharging and high current. 

The high current charging is faster to charge the battery, but it will effect on the properties 

of the battery (for example, battery temperature, and internal resistance of the battery and 

charging voltage) (Kin-Pun Wong et al., 2001). However, the battery temperature is 

increased as well as the gasses production (Hydrogen) related to overcharging and over 

current (Viera, et al., 2002). Thus, the necessary cutoff of charging process automatically 

if the battery charged fully to avoid the damage of the battery. Also, the LCD (Liquid 

Crystal Display) is used in this project to display the battery charging level, load voltage 

and current.  

 

1.2 Background   

 

Background should cover and identify new and emerging edge technologies, basic 

circuit operation in rich details and identify the types of component to be used in circuit 

layout without neglecting the effect of each part. The design of the circuit will be done 

part by part after the basic blocks are identified. The elements key must include the 

theoretical calculation of electric and electronic knowledge of the used components.  

 

The main aim is to control smartly the charging process of the battery. In previous 

work there are many techniques to charge the battery, they are proposed according to 

(Lijun Gao, et al., 2002 & Wei Zhang et al., 2004). These methods are used to variety the 

characteristic (voltage, current and temperature) to obtain a safe and fast charging 

process. However, in this dissertation an embedded battery charger controller is 

programmed, simulated and constructed based on renewable energy to achieve a safe 
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charging process for the battery and to protect the battery against over and under voltage 

level limit.  

 

1.3 Research Problem 

 

This project strive to solve the control issue of the battery charging process. The 

batteries today become the main source to supply the DC voltage for electrical equipment. 

The charging of the battery need to be controlled to manage the charging process 

successfully of the battery as well as to protect the battery from the overcharging and 

discharging that were the main reason to damage the batteries. 

 

          The commercial battery chargers are not accurate and expensive and not display 

the status of battery voltage, voltage and current that drawn by the load during the 

charging process and uses LED to indicate the operating status of the batteries. So, it is 

hard to know the instant status values of the rechargeable battery on charging and 

discharging or overcharging of the battery and also may expose the battery to damage 

which could not use with sensitive devices. Thus, this problem is solved by using PIC 

16F877A to control on the whole circuit events by embedded system and LCD to display 

the voltage status of the battery as well as protection from unwanted instants and the load 

based on the measurement of the battery voltage for more accuracy and sensitivity. 

 

         High current that enter into the battery will reduce the charging time, the charging 

time will be lower than the actual time to completely charging from no charge to fully 

charge battery. So, the temperature start increased rapidly when the cell is almost want to 

achieve full charge. Which, the main problem of charging is the heat that generated in the 

battery due to power dissipated. The increasing in the heat effect the increasing of battery 
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resistance which lead to low battery efficiency, which  reduce the battery life due to 

voltage drop before inserting into the battery. Thus, it is important to develop the battery 

charger controller to charge a bank of batteries based on suitable DC source and to control 

smartly on the temperature of the batteries and whole circuit. 

 

1.4 Research Objective 

 

          The main objective of this project is to design a smart battery charger controller 

that could charge 12V rechargeable batteries. So, there are some objectives have to be 

achieved as following below: 

1. To design, simulate and fabricate an efficient charging circuit based on embedded 

system that can charge smartly 12V lead acid battery and control on the charging 

process by using the solar panel as DC source. 

2. To protect the battery from the overcharging and discharging voltage by cutting 

off the charging process as well as protect the battery from the over load that may 

occur during discharging process. 

3. To design and simulate an embedded battery charger controller based on a suitable 

DC source to control the charging for five batteries different capacity based on 

the alarm system and temperature sensors, battery voltage sensors, load current 

sensor and load voltage sensor. 

 

1.5 Research Scope 

 

          The scope of this project includes studies and calculation that contained in the 

design, simulation, program and construct of an efficient and embedded battery charger 
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circuit to charge 12V lead acid battery. The LM 317T is used to regulate the voltage 

supply from solar cell as well as LM 7805  is used to reduce the voltage to 5V to protect 

the PIC from the damage. In order to use the PIC 16F877A to control the whole circuit 

during the operation as well as continuously monitor the status of battery voltage charging 

process. Also, to protect the battery from the over and under charging voltage by cutting 

off the charging process as well as protect the battery from the over load that may occur 

during discharge process. 

 

To be batter efficiency, the battery charger controller is developed to charge five 

batteries with different capacities based on suitable DC source. Each battery is controlled 

individually depend on the cutoff voltage level and also depend on the generated 

temperature during the charging process. Two synchronous PICs 16F877A were used to 

control the whole circuit activates and the third one is used to control the charging process 

based on the batteries temperature via temperature sensors (LM35). As well as, three 

LCDs are used to monitor the batteries voltage, load current, load voltage, batteries 

temperature. Also, five OR gates are used to control on the operation of the PICs to clear 

the charging voltage in both case of temperature, overcharging or discharging of the 

batteries.  

 

1.6 Organization of the Thesis 

 

            This report basically consists of five chapters. Chapter 1 is discussed the 

introduction which contain the problem statement, project objective and the scope of the 

project  
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Chapter 2 discuss the overall literature review. It also includes the study of 

charging circuit’s layout, solar panel and the methods that have been use to charge the 

battery.  

Chapter 3 mainly discuss on the methodology of the project, which include the 

block diagram, software part and hardware part of the project.  

Chapter 4 shows the expected, achieved results from the software and hardware 

and also include discussion about each achieved result.  

Lastly, chapter 5 conclude the project methodology and result and also the future 

work of the project. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

  

2.1 Introduction   

 

          This dissertation is contained design, simulation, programing and fabrication of a 

smart battery charger interfacing with LCD module monitoring. So, this chapter contains 

the literature review article and past research about the main component and other 

technologies that was used to make this project reality. The literature about all the 

researcher that do approximately same the work such as charging-discharging, controlling 

and the technique that used in the circuit. 

 

2.2 Photovoltaic (PV) System 

 

The renewable energy in the resent years is the solution for the problems to produce 

a clean electrical energy, such as the photovoltaic (PV) technology. Where the PV 

technology is based on the conversion of sunlight into electricity (Stéphane, et al., 2009). 

Now, the researchers is carried out regards PV or solar penal systems that trade on this 

energy (Yaden, et al., 2011, Nicola, et al., 2005). By focusing on the PV system, it has 

many advantage to charge the batteries such as good control for charging and discharging 

the lead acid batteries. But there are some disadvantage suggested by (Yaden, et al., 2011) 

that the regulation of the voltage and control of the PV are not reliable as well as the 

induced losses was provided by the divergence PV panels.  Also, the control of charging 
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and discharging of the batteries is poor and depend on the collection of illumination 

(Karoui et al., 2007, Mousazadeh, et al., 2009 & Alboteanu, et al., 2006).  

 

         The major problem in the PV panel systems, is losing of the supplied power in times 

and provide overvoltage in other times because of inaccurate desired of maximum power 

point (Koutroulis, et al., 2001 & El Ouariachi, et al., 2011). Regarding this, a voltage 

regulator LM317T is used to regulate the output voltage from the PV panel as well as a 

microcontroller is used to manage and control the charging and discharging of the battery. 

The other suggestion is produced by (Mrabti, et al., 2010) is used the maximum power 

point tracking (MPPT) to improve the accuracy of charging process. This method also 

permits to remove the disturbance of power point tracking when the panels have some 

maximum follow on effects of shading (Ramabadran, et al., 2009) or disequilibrium of 

cell (Bishop, J.W, 1988).  

 

         The battery charger is the main part of power systems that used to charge many 

batteries, however the supply source either from renewable energy (PV or voltaic solar 

panel) or utility electrical grid. The main purpose of this energy to keep a properly safe 

protection and fed to the battery (Teulings et al., 1993). The solar panel provide current 

and voltage in one direction to the battery to be charged but at night there is no sun. Thus, 

the panels will pass the current in the reverse direction and that will lead to the slightly 

discharge from the battery. So the semiconductor diode was used to prevent the 

discharging that occurred from battery to the solar panel (Hiyama, 1995). 
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2.3 Rechargeable Batteries  

 

           The rechargeable batteries are important devices for all electrical equipment. Since 

the emergency electrical energy is required to be supplied for these appliances. So these 

batteries needed to an efficient charger to control and manage the charging process. In 

order to design an efficient charger it should satisfy for the load and battery such as fast 

charging, discharge capacity, cycle life, low cost and maintenance (Sakamoto et.al, 1999). 

 

          For large scale of storage energy, there are many types of batteries were used (Wall 

S., et al., 1999 & Ferreira. et al., 2013). All these types contain electromechanical cells, 

the batteries that do not have cell so suitable for all applications. In this section, the 

characteristic of each battery is various according to the scale for energy storage such as 

lead-acid, lithium-ion, nickel-cad as well as the application of these types of batteries 

according to the kind of the load used ( Divya., et al.,2009 & Ali, et al., 2010 ). The lead 

acid batteries technology is uncomplicated and have lower cost than other batteries. 

However, the lead acid batteries cannot be fully discharge and have a limited scale of 

charge/ discharge cycles and the ratio cycle of charger/ discharge is depending on the 

weight ratio to energy drawn and also their energy to size (Parker et al., 2001). The lead 

acid batteries do not have high toxic and safe, where it could be used as a clean energy 

source (Roseland. et al., 2010). 

 

         The capacity of the battery is the amount of charging that available in the battery 

for discharging purpose, it is related to the quantity of active material that contain such 

as amount of electrolyte and surface area of the electrodes this expressed the units of 

ampere-hour (Ah) capacity. So the capacity of the cell depends on the following factors 

(Ceraolo, et al., 2011).   
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1. The amount of discharging current from the cell and discharging time. 

2. The temperature of inner cell. 

3. Discharge voltage end value. 

4. Storage time (self-discharge). 

5. Number of charge-discharge cycles that the cell has undergone. 

 

2.4 Methods for Charging Process  

 

         There are many techniques to charge the batteries but the most suitable and famous 

methods are the following below for comparison (Armstrong, et al., 2008 & Masoum, et 

al., 2004). 

 

2.4.1 Intermittent Charging  

 

        The intermittent charging is the most method commonly used for commercial 

chargers as shown in Figure 2.1 below. When the maximum power point is achieved in 

the panel means the battery is charged between two predefined thresholds. When the 

battery voltage become over the threshold voltage, the charging process will be stopped 

and the battery will be stilled in open circuit. The battery voltage is continually monitored 

until the battery voltage is drop under the threshold voltage, then the charging process 

will be started again. This method usually used with PWM method to charge the batteries 

(Waltari, et al., 2002 & Armstrong, et al., 2008). 
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