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ABSTRAK 

 

 

 

 

Tujuan sistem pemantauan bateri adalah untuk mengukur dan memantau 

bateri yang boleh dicas semula. Nilai yang akan dipantau adalah voltan bateri.Nilai 

voltan yang dipaparkan dapat memberitahu masa yang tinggal sebelum bateri  

kehabisan cas atau dalam keadaan yang tidak baik. LCD akan digunakan untuk 

memapaparkan nilai voltan. Untuk projek ini litar pengecas bateri 12 V bateri asid 

plumbum dibina. Pemantauan mengecas dan menyahcas bateri dan juga nilai voltan 

bateri akan dipaparkan pada paparan LCD. Ia terdiri daripada tiga bahagian iaitu litar 

pengecasan, litar kawalan dan litar pemantauan untuk paparan LCD. Pengecas bateri 

dapat mengecas bateri asid plumbum dan mampu untuk melindungi bateri dari 

terlebih cas. Selain itu, ia juga akan menunjukkan nilai voltan bateri. Otak sistem 

adalah PIC16F876A. Segala proses dalam system ini diuruskan oleh PIC16F876A, 

ianya adalah termasuk data yang perlu dipaparkan pada skrin LCD. Arahan diberikan 

dengan menggunakan butang dari pilihan menu pada paparan LCD. Selain daripada 

itu system ini juga mempunyai masa kaunter untuk menghentikan pengecasan dari 

terlebih cas bateri untuk mengelakan bateri rosak dengan cepat. 
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ABSTRACT 

 

 

 

 

The purpose of battery level monitoring system is to measure and monitors 

the fundamentals parameter of a rechargeable battery. The parameters that will be 

measured and monitored are the output voltage of the battery. The output voltage is 

used in the real-time calculation of the remaining time before the rechargeable 

battery is exhausted and in case of malfunction. The LCD will be used as the voltage 

output display. For this project a battery charger circuit for 12 V sealed lead acid 

battery is develop. The monitoring of charging and discharging state of the battery 

and also the battery voltage value is displayed by using LCD. It is consist of three 

basic part that is the charging circuit, controller circuit and the monitoring circuit. 

The battery charger is able to charge a sealed lead acid battery and able to protect the 

battery from overcharge. Besides that, it also will show the battery voltage value. 

The brain of the system is a PIC16F876A, the microcontroller. The processes are 

managed by this microcontroller, that is including the data need to be displayed on 

the LCD screen. The instructions are given by using push buttons from a menu 

option. There is also a timing counter to stop the charging from been overcharge the 

battery to prevent damage to the battery. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

The secondary battery or rechargeable batteries are like the primary battery, 

the powers are produced from chemical energy to electrical energy. The difference is 

that the rechargeable battery can forced to the other way by externally supplied 

electrical energy to chemical energy [1]. The battery is one of the most important 

sources and stored energy for electrical equipment. In electrical applications, 

including uses in automobiles, boats and electric vehicles the rechargeable batteries 

are increasingly becoming an important source of clean portable power in a wide 

variety. Rather than disposal batteries the rechargeable batteries have lower total cost 

of use and environmental impact. They may have a higher initial cost, but can be 

recharged very cheaply and used many times. There are many methods for charging 

the batteries depending on their chemical composition, capacity, and methods of the 

construction and the type of the exploitation [2]. 

 

 

There are many batteries charging techniques that include state-of-charge 

(SOC) estimations, optimization of charging control reduction of charging time, and 

series-connected method. Battery life time is reduced by charging and discharging 

cycles; this process degrades the chemical composition of the battery. The sulphation 

and stratification in an undercharged battery will affect the battery by shortening the 

lifetime of the battery. Gassing and water loss are caused by overcharging. The 

differences in cell chemistry, and normal differences during repeated cycles of cell 

charge discharge, will lead to a large non-uniformity in cell charge levels and 
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correspondingly different cell terminal voltages. Battery life is one of major factors 

presently limiting the realization of economical applications [3]. Temperature is one 

of the variables that have a great influence over battery electrical characteristics. A 

battery is a very complex non-linear system that needs to be effectively monitored 

along its whole lifetime. The battery parameters that can be monitored can be based 

on current, voltage and temperature measurement [4]. 

 

 

 

 

1.2 Objective 

 

 

The main objectives of this project are to design the charging circuit for the 

12V sealed lead acid battery. The charging and discharging state of the battery and 

the battery voltage value are monitored. 

 

 

 

 

1.3 Project Scope 

 

 

To achieve the objectives of the project, several scopes had to be outlined. 

The scope of this project includes developing the charging circuit for the 12V Sealed 

Lead Acid battery. Then used an LCD screen to monitor the state of charge of the 

battery and the voltage value during the charging and discharging of the battery. 

 

 

 

 

1.4 Problem Statement 

 

 

The charging and discharging state of the battery is important to know how 

long the remaining time to operate the machine or load. The battery charging state 

does not show the voltage value during charging and discharging in the industries, 

this will cause of overcharging that will damage the battery [5]. 

 

 

 

 



3 
 

1.5 Thesis Outline 

 

 

This thesis consists of 5 chapters, where the first chapter is the introduction of 

the project. It discussed the overview and the objectives of the project. Meanwhile, 

chapter 2 will discuss more about the theory and the literature review for the project. 

It discussed about the theory of the Sealed Lead Acid battery, the methods to control 

the charging of the battery, and the state of charge.  



 
 

CHAPTER 2 

 

 

 

 

THEORY AND LITERATURE REVIEW 

 

 

 

 

2.1 Introduction 

 

 

The literature review is proposed to get the information that related to the 

project that will be developed. In this literature review, it will focus on the selection 

of the components and the methodology purpose that will be used for developing the 

circuit. A specific literature review is very important before developing a project. 

 

 

 

 

2.2 Battery 

 

 

Harry Morse wrote in Storage Batteries (1912), “Into our present age of 

power, where we reckon by thousands and tens of thousands of kilowatts, there has 

come down from a previous era one single from of the galvanic cell which retains 

sufficient commercial importance to be worth consideration in connection with 

modern power plant and modern power operations. This is the lead-sulphuric acid 

accumulator.”  

 

 

The first application of lead acid battery is used in transportation. It is the 

most popular rechargeable battery system. Lead acid batteries have manufactured 

hundreds of millions each year for diverse use, including electric vehicles like golf 

carts and electric wheelchairs, and stationary power such as emergency light and 

uninterruptable power supplies (UPS) [1]. 
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The negative electrode, lead (Pb), lead oxide (PbO2) the positive electrode 

and the electrolyte, sulphuric acid (H2SO4) are the chemicals in the lead acid battery. 

During discharge, both plates return to lead sulphate. The process is driven by the 

conduction of electrons from the positive plate back into the cell at the negative 

plate. 

 

 

Negative plate reaction: Pb(s) +HSO-4 (a) → PbSO4 (s) +2e
−
 

Positive plate reaction: PbO2(s) +HSO-4(aq) +3H
+
 (aq) +2e

-
 → PbSO4(s) +2H2O (l) 

 

 

Subsequent charging places the battery back in its charged state, changing the 

lead sulphates into lead and lead oxides. The process is driven by the forcible 

removal of electrons from the negative plate and the forcible introduction of them to 

the positive plate. 

 

 

Negative plate reaction: PbSO4 (s) +H
+
 (aq) +2e

−
 → Pb(s) + HSO−4 (aq) 

Positive plate reaction: PbSO4 (s) +2H2O (l) →PbO2 (s) +HSO−4 (aq) +3H
+
 (aq) 

+2e
−
 

 

 

The characteristic of the lead acid battery is in Table 2.1. 

 

 

Table 2.1: Characteristics of Lead Acid battery [6]. 

 

 
 

 

Every rechargeable battery has its own advantage and disadvantages. The 

advantage and disadvantage for lead acid battery can be seen in the Table 2.2. 

 

 

 



6 
 

Table 2.2: Advantages and limitations of lead acid batteries [6]. 

 

 

 

 

 

 

2.3 Microcontroller 

 

 

PIC microcontrollers are popular processors can be used for many 

applications. It is developed by Microchip Technology with built-in RAM, memory, 

internal bus, and peripherals. PIC stood for “Programmable Intelligent Computer” 

but is now generally called as a “Peripheral Interface Controller” [7]. PIC 

microcontrollers in the PIC16 and PIC18 families are considered mid-level 

microcontrollers; it can run up to 20MHz with 2.5 to 6.0 colts input [7, 8]. It can be 

programmed in Assembly, C or a combination of the two. Other high-level 

programming languages can be used but embedded systems software is primarily 

written in C [7]. 

 

 

 

 

2.3.1 Origins  

 

 

The original PIC was built to be used with GI's new 16-bit CPU, the 

CP1600.While generally a good CPU, the CP1600 had poor I/O performance, and 

the 8-bit PIC was developed in 1975 to improve performance of the overall system 

by offloading I/O tasks from the CPU.  
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The PIC used simple microcode stored in ROM to perform its tasks, and 

although the term wasn't used at the time, it is a RISC design that runs one 

instruction per cycle (4 oscillator cycles).  

 

 

In 1985 General Instruments spun off their microelectronics division, and the 

new ownership cancelled almost everything — which by this time was mostly out-

of-date. The PIC, however, was upgraded with EPROM to produce a programmable 

channel controller, and today a huge variety of PICs are available with various on-

board peripherals (serial communication modules, UARTs, motor control kernels, 

etc.) and program memory from 512 words to 32k words and more [9]. 

 

 

 

 

2.3.2 PIC Memory organization  

 

 

A PIC Microcontroller chip combines the function of microprocessor, ROM 

program memory, some RAM memory and input-output interface in one single 

package which is economical and easy to use. The PIC – Logicator system is 

designed to be used to program a range of 8,18, 28 pin programmable PIC 

microcontroller which provides a variety of input –output, digital input and analogue 

input options to suit students' project uses [9 ].  

 

 

Programmable “FLASH Memory” chips have been selected as the most 

economical for student use. If a student needs to amend to control system as the 

project is evaluated and developed, the chip can simply be taken out of the product 

and reprogrammed with an edited version of the floe sheet. The PIC devices 

generally feature is sleep mode (power saving), watchdog timer and various crystal 

or RC oscillator configuration, or an external clock. [9] 
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2.4 Battery Charging Control Methods 

 

 

There are many types of battery charging techniques that include constant 

current, constant voltage, Two-step, Pulse charging, and Reflex
TM

 charging [3]. 

However, not all charging method can be successfully used for every kind of battery 

[1]. 

 

 

 

 

2.4.1 Constant Voltage Charging 

 

 

Constant voltage charging is easily implemented and controls. At the initial 

stage of charging the large charging currents need to be limited to protect the 

devices. The charging will hold when the battery voltage reaches the default value 

charging voltage and the charging current will decrease with time. The temperature 

will rise because of the charging, and this will cause the degradation of the battery 

life [3]. The battery charging characteristic for the constant voltage charging is 

shown in the Figure 2.1. 

 

 

 
Figure 2.1: Constant voltage charging curves for batteries [3]. 

 

 

 

 

2.4.2 Constant Current Charging 

 

 

The simple charging method, the constant current charging use currents to 

charge the battery and the charging currents for the series connected batteries are 
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equal. However, overcharging the battery will result in the degradation of the battery 

life. Small charging current will prolong the charging time. The charging curve for 

constant current charging is shown in Figure 2.2 [3]. 

 
Figure 2.2: Constant current charging curves for batteries [3]. 

 

 

 

 

2.4.3 Two-step Charging 

 

 

For the two-step charging method, it is the combination of the constant 

current and constant voltage charging. At the first stage of charging, the batteries are 

charged by a constant current until the battery voltage reaches a pre-set voltage. In 

the second stage, a constant voltage is applied for battery charging. The curve for the 

two-step charging is shown in Figure 2.3 [3]. 

 

 

 
Figure 2.3: Two-step charging curves for batteries [3]. 
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2.5 State Of Charge (SOC) Monitoring 
 

 

Battery SOC is very important information to make sure that the user knows 

the remaining energy. The battery monitoring procedures to compute battery SOC is 

not something new, but until now, we are far away from the final solution. There are 

three different SOC monitoring methods are evaluated and compared. They are based 

on Ah (Ampere hours) counter, open circuit voltage and artificial neural network. 

The first one is very effective for constant current discharge but, it is very sensible to 

error when several charge/discharge is executed in a row. The open circuit voltage 

can be effectively adopted when the open circuit voltage, after battery resting period, 

is not a problem. The third method is based on using an artificial neural network. It is 

well known that an artificial neural network can be very effective when data for its 

training are reliable. Assuming that Ah counter and open circuit voltages are easily 

formulated, but more details will be provided only by using the third method [4]. The 

state of charge of the battery is conventionally monitored by means of voltage 

measurement or integrating the current, both the methods introduce by a certain 

approximation [10]. 

 

 

State of charge of the battery is the amount of available energy expressed in 

percentage of the rated energy. The variation in the battery voltage from charged to 

discharged state is very small. Hence the state of charge of battery can be defined as 

the available capacity (AHr) expressed as the percentage of the rated capacity (AHr) 

[11]. 

 

 

      (
                  (   )

               (   )
)      

 

 

 

 

2.6 PIC Simulator IDE 

 

 

PIC Simulator IDE is powerful application that supplies PIC developers with 

user-friendly graphical development environment for Windows with integrated 

simulator (emulator), Basic compiler, assembler, disassembler and debugger. PIC 
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Simulator IDE currently supports the microcontrollers from the Microchip PIC micro 

12F and 16F product lines.  

 

 

 
Figure 2.4: PIC Simulator IDE. 

 

 

 

 

2.6.1 PIC Simulator IDE main features 

 

 

The PIC Simulator IDE main features are the simulation interface shows the 

internal architecture of microcontroller. The FLASH program memory editor, 

EEPROM data memory editor, and hardware stack viewer also available in the PIC 

Simulator IDE. There is also microcontroller pin out interface for simulation of 
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digital I/O and analogue inputs. It also has a variable simulation rate and simulation 

statistic. Besides that, there is also breakpoints manager for code debugging with 

breakpoints support. Other than that, there are also PIC assembler, interactive 

assembler editor for beginners and PIC disassembler. It also features a powerful PIC 

Basic compiler with smart Basic source editor. 

 



 
 

CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

3.1 Introduction 

 

 

This project consists of hardware and software development. The software is 

the programming for the hardware. The hardware is developing the circuit operations 

that consist of charging, and monitoring the battery levels. The controller for this 

project is the microcontroller as the central processing unit for the charging and 

displaying the battery level on the LCD screen. Figure 3.1 below is the block 

diagram for this system. 

 

 

 
Figure 3.1: Battery Level Monitoring System Block Diagram. 

 

 

From Figure 3.1 above, this project consists of microcontroller, battery and 

LCD screen as the main components. The microcontroller is the central processing 

unit that will display the state of charge and voltage value of the battery, when the 

battery is charged and discharge. 

MICROCONTROLLER BATTERY 

LCD 

POWER 
SUPPLY 
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3.2 Hardware Implementation 

 

 

This section will discuss about components that had been used including 12 V 

Sealed Lead Acid battery, DC Power Supply, microcontroller PIC 16F877A, 

Analogue to Digital Converter (ADC), Voltage Regulator, Mosfet, and 16x2 

Alphanumeric LCD Modules. 

 

 

 

 

3.2.1 Sealed Lead Acid Battery 

 

 

The battery used for this project is a 12 Volt 12 Ah Sealed lead acid battery. 

Figure 3.2 below shows the picture of the battery. Table 3.1 is the specification of the 

battery. 

 

 

 
Figure 3.2: 12 Volt 12 Ah Sealed Lead Acid Battery. 
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Table 3.1: The Sealed Lead Acid Battery specifications. 

 

Specifications: 

BM Part #: SLA-12V12 

Voltage: 12 Volt 

Capacity: 12 Ah 

Type: Sealed Lead Acid Battery 

Warranty: 1 Years 

Shipping Weight: 10.00 Pounds 

Length: 5.95" 

Width: 3.91" 

Height: 3.71" 
 

 

 

 

 

3.2.2 DC Power Supply 

 

 

The DC power supply is an AC powered unregulated power supply usually 

uses a transformer to convert the voltage from the mains to DC power supply with 

variable and lower voltage. It used a rectifier to convert alternating voltage to a 

pulsating direct voltage, followed by a filter, comprising one or more capacitors, 

resistors, and sometimes inductors, to filter out (smooth) most of the pulsation 

 

 

 
Figure 3.3: DC Power Supply. 
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3.2.3 Voltage Regulator LM317 and LM7805 

 

 

LM7805 is a voltage regulator integrated circuit. Member of 78xx series is a 

fixed linear voltage regulator ICs. The voltage source in a circuit may have 

fluctuations and would not give the fixed voltage output. The voltage regulator IC 

maintains the output voltage at a constant value. 7805 is designed to provide +5V 

regulated power supply. Capacitors of suitable values can be connected at the input 

and output pins depending upon the respective voltage levels. 

 

 

 
Figure 3.4: Voltage Regulator LM7805. 

 

 

A voltage regulator is an electrical regulator designed to automatically 

maintain a constant voltage level. LM317 is a type of Adjustable voltage regulator 

that also available in circuit configurations that allow the user to set the output 

voltage to a desired regulated value. 

 

 

The regulated output voltage is given by: 

 

           (     
  

  
 )          

 

 

Since Iadj is controlled less than 100µA the error associated with this term is 

negligible in most applications. Thus: 

 

             (    
  

  
) 
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Figure 3.5: Voltage Regulator LM317. 

 

 

 

 

3.2.4 Microcontroller 

 

 

PIC16F876A devices are available in 28-pin packages. All devices in the 

PIC16F87XA family share common architectures. It has 5 ports for I/O ports, 15 

interrupts, 8 ports of 10-bit A/D input channels and a Parallel Slave Port. The Figure 

3.6 shows the pin diagram for PIC16F876A. 

 

 

 
Figure 3.6: PIC16F876A Pin Diagram. 
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Table 3.2: Pin connection of PIC16F876A for the battery level monitoring 

system. 

 

Pin Name Pin Number Description Application 

VDD 20 
Positive Supply 

(+5V) 

Power Supply for 

PIC 

VSS 8, 19 Ground Reference Ground Reference 

OSC1 9 
For oscillator or 

resonator 

Connected to 

resonator 12MHz 

with 22pF OSC2 10 

MCLR\ 1 Reset Input Connected to +5V 

AN0 2 Analog Input 
Connected to 

Voltage Cell 

RB4 – RB7 25 – 28 Input/output 
Connected to the 

LCD 

RB0 – RB3 21 – 24 Input/output 
Connected to Push 

Button 

RC1 & RC2 12, 13 Input/output 
Connected to 

Charging Circuit 

 

 

 

 

3.2.4.1 Analogue to Digital Converter (ADC) 

 

 

The ADC is important to convert an analogue signal to an accurate digital 

number proportional to its amplitude and vice versa. In the applications in which 

analogue information is converted to an intermediate digital form of error and noise-

free transmission makes heavy use of an analogue / digital converter [6]. The ADC 

applications are also one of the PIC16F876A features. 

 

 

 

 

3.2.5 Mosfet 

 

 

The metal–oxide–semiconductor field-effect transistor (MOSFET, MOS-

FET, or MOS FET) is a device used to amplify or switch electronic signals. It is by 
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far the most common field-effect transistor in both digital and analogue circuits. The 

MOSFET is composed of a channel of n-type or p-type semiconductor material. 

 

 

In MOSFET, the gate is separated from the channel by an insulating silicon 

dioxide (SiO2) layer. The charge carriers the conducting channel constitute an 

inversion charge, that is, electrons in the case of a p-type substrate (n-channel device) 

or holes in the case of an n-type substrate (p-channel device), induced in the 

semiconductor at the silicon-insulator interface by the voltage applied to the gate 

electrode. The electrons enter and exit the channel at n + source and drain contacts in 

the case of an n-channel MOSFET, and at p+ contacts in the case of a p-channel 

MOSFET. 

 

 

 
Figure 3.7: Mosfet. 

 

 

 

 

3.2.6 16 x 2 Alphanumeric LCD Module 

 

 

LCD or liquid crystal display is an electro-optical amplitude modulator 

realized as a thin, flat display device made up of any number of colour or 

monochrome pixels arrayed in front of a light source or reflector. It is often utilized 

in battery powered electronic devices because it uses very small amounts of electric 

power [12]. 

 

 

The LCD screen is used to display the charging state and the voltage value in 

this project. The LCD screen use is the 16 x 2 Alphanumeric LCD Modules. For the 
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display on the LCD screen, programming must be developed. Figure 3.8 are the 

Alphanumeric LCD Module. 

 

 

 
Figure 3.8: Alphanumeric LCD Module. 

 

 

 

 

3.2.6.1 16 x 2 Alphanumeric LCD Module Features 

 

 

Below are the 16 x 2 Alphanumeric LCD Module Features: 

 

 

i. Intelligent, with built-in Hitachi HD44780 compatible LCD controller 

and RAM provides simple interfacing 

ii. 61 x 15.8 mm viewing area 

iii. 5 x 7 dot matrix format for 2.96 x 5.56 mm characters, plus cursor line 

iv. Can display 224 different symbols  

v. Low power consumption (1 mA typical) 

vi. Powerful command set and user-produced characters 

vii. TTL and CMOS compatible 

viii. Connector for standard 0.1-pitch pin headers 

 

 

Alphanumeric LCD module outline dimension are as in the Figure 3.9. 
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Figure 3.9: 16 x 2 Alphanumeric LCD Module outline dimension. 

 

 

The Table 3.2 shows the 16 x 2 Alphanumeric LCD Module pins and 

functions. 

 

 

Table 3.3: 16 x 2 Alphanumeric LCD Module Pin and functions. 

 

Pin Symbol Level Function 

1 VSS - Power, GND 

2 VDD - Power, 5V 

3 VO - Contrast Adjust 

4 RS H/L Register Select Signal 

5 R/W H/L Data Read/write 

6 E H, H→L Enable Signal 

7 - 14 DB0 – DB7 H/L Data Bus line 

15 A - Power Supply for LED (+) 

16 K - Power Supply for LED (-) 
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Figure 3.10: Alphanumeric LCD Module Block Diagram. 

 

 

 

 

3.2.7 Charging the Lead Acid Battery 

 

 

PbSO4 or Lead Acid batteries are usually charged either by the current-

limited method or by the more common and generally simpler voltage-limited 

method. The voltage-limited charging method is similar to that used for Li+ cells, but 

high precision isn't as critical. It requires a current-limited voltage source set at a 

level somewhat higher than the cell's float voltage (about 2.45V) [13]. 

 

 

After a preconditioning operation that ensures that the battery will take a 

charge, the charger begins the fast charge and continues until it reaches a minimum 

charging current. (This procedure is similar to that of a Li+ charger). Fast charge is 

then terminated, and the charger applies a maintenance charge of V FLOAT (usually 

about 2.2V). PbSO4 cells allow this float-voltage maintenance for indefinite periods 

in Figure 3.11 [13]. 
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Figure 3.11: Lead Acid Battery Charging-Profile. [13] 

 

 

For the sealed lead acid (SLA) the charging time is 12 to 16 hours. With 

higher charge currents and multi-stage charge methods, charge time can be reduced 

to 10 hours or less. SLAs cannot be fully charged as quickly as nickel-based systems. 

To correctly set the cell-voltage limit is critical. A typical voltage limit is from 2.30V 

to 2.45V. If a slow charge is acceptable, or the room temperature may exceed 30°C, 

the recommended voltage limit is 2.35V/cell. If a faster charge is required, and the 

room temperature will remain below 30° C, 2.40 to 2.45V/cell may be used [6]. 

 

 

Table 3.4: Recommended voltage limit on recharge and float charge of SLA [6]. 
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3.2.8 Charging Circuit. 

 

 

Developing a charging circuit is one of the objectives for this project. The 

schematic diagram in Figure 3.12 is the developed charging circuit. This charging 

circuit consist of two Mosfet, IRF540, an adjustable voltage regulator, LM317 and 

also a diode. 

 

 

 
Figure 3.12: Schematic Diagram for Charging Circuit. 

 

 

 From the charging circuit in the Figure 3.13, a voltage regulator is used. The 

voltage regulator, (LM317) allows constant current flow in the circuit. This 

adjustable voltage regulator supports input voltage of 3 V to 40 V and the output 

voltage between 1.25 V to 37 V.  

 

 

 The Mosfet in the charging circuit is used as a switch to turn on and turn off. 

The switching of Mosfet is activated when the Gate is receiving voltage from the 

source. As for this circuit, it will be switched automatically. This is because of the 

Mosfet’s Gate are connected to a transistor that receive voltage from PIC. When the 

Mosfet is activated, the current will flow through the Mosfet then it will charge the 

battery. 
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The diode that connected at the voltage regulator is used to allow the current 

to flow in one direction only. It is also functioning to ensure the current is not 

drained after it completely charged. 

 

 

The Dip. switch is filtered by a series of resistor before the current is flow to 

the PIC. The Dip. switch is a set of manual switch. The function of this filtered is to 

decrease the voltage value that is sent to PIC. The filter is used because pin AN0 at 

the PIC can only read analog input from 0 V to 5 V only. 

 

 

 
Figure 3.13: Charging  

 

 

 The charge ranges for this charging circuit is 1 V to 16 V. This range exceeds 

the requirement. Thus, when charging process, overheats will happen occasionally 

due to the output exceed the rated current. To resolve this problem the adjustable 

voltage regulator is used, that is LM317. This adjustable voltage regulator functions 

as current limiter and will automatically reduce the output current if overheat occurs 

under load. 
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Figure 3.14: Discharging 

 

 

In the Figure 3.14 shows the discharging part of the charging circuit. The 

testing for discharging circuit is experimented by using a lamp as a load to discharge 

the battery. 

 

 

 

 

3.3 Software Implementation 

 

 

The software used for this project is the PIC Simulator IDE and PROTEUS. 

PIC Simulator IDE is used to develop the programming for microcontroller for this 

project. PROTEUS is the software used to construct a circuit and run simulation to 

make sure the circuit designed is functioning for safety reason. 
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3.3.1 Flow Chart of the programming 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Yes 

 

 

 

 

 No 

 

 

 

 

 

 Yes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2 Burning Hex file Into PIC by using PIC USB programmer 

 

 

When a program is compiled it will be saved as hex file. The hex file is the 

file used to be read in the microcontroller. The hex file is burned into the 

microcontroller by using a PIC USB programmer. The device is connected to the 

START 

Define all variables, LCD and OSC 

Define ports and pins 

Determine the Input and outputs 

 

Display Intro 

Set the limit for 

the automatic 

charging 

Change process 

Display the Voltage, Charging 

or Discharging state and Time 

END 
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computer and burned into the microcontroller. The PIC USB programmer is as in the 

Figure 3.15. 

 

 

 
Figure 3.15: PIC USB Programmer 

 

 

 
Figure 3.16: Programmer Overview [14]. 
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The PIC programmer offers In-circuit programming with a wide range of 

optional adapters is available for all DIP sizes from 8 to 40 pins, together with a 

program-run switch for direct in-circuit program execution [14]. 

 

 

The PIC programmer is 100% compatible with PICkit 2 interface as in Figure 

3.17, with the added advantage that it incorporates a ZIF socket for easy insertion 

and removal of the PIC and therefore can be used as a production programmer as 

well as an experimental programmer. It is also fully compatible with Microchip's 

MPLAB IDE software and therefore can program practically any PIC 

microcontroller including the PIC16F84, PIC16F628, PIC 18F458, and many more 

[14]. The PICkit 2 
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Figure 3.17: The PICkit 2 programmer [14]. 



 
 

CHAPTER 4 

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

4.1 Introduction 

 

 

Some testing has been conducted for the project. Firstly, the testing of the 

power circuit has been conducted to find out whether that the circuit is working 

properly and to make sure that the output is 5 V to be supplied to the PIC. Then, 

LEDs are used to test the circuit. After that, the LED programming is tested. Lastly 

the analyses are made. 

 

 

 

 

4.2 Power Circuit 

 

 

The power circuit in Figure 4.1 is the tested circuit. The power circuit is 

converting 12 V or 24 V to 5 V to be used for the PIC input supply. From the testing 

of the hardware, the output voltage is 5.03 V, so comparing the result from the 

hardware testing and simulation it is similar. 
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Figure 4.1: Power Circuit 

 

 

 

 

4.3 Circuit Testing 

 

 

This circuit is tested by using LED to make sure that the power circuit output 

in the hardware is 5 V, to be supplied to the PIC. If the LED is switched on, then the 

circuit is functioning. The program below is to turn on the LED on the circuit. Before 

it is tested on the hardware the program is tested by using software; PROTEUS in 

Figure 4.2. Figure 4.3, is the picture when the hardware is tested. 

 

 

Define CONF_WORD = 0x3f72 

Define CLOCK_FREQUENCY = 12 

 

Symbol s1 = PORTA.0 

Symbol led1 = PORTB.0 

 

Dim phase As Byte 

Dim key As Byte 

 

PORTA = 0 

PORTB = 0 

PORTC = 0 

TRISA.1 = 0 

TRISA.5 = 0 

TRISC.2 = 0 

TRISC.1 = 0 

AllDigital 

ADCON1 = 0x0f 

WaitMs 1000 

 



33 
 

newprogram: 

Gosub welcome 

End 

 

welcome 

If key = s1 Then 

 phase = phase + 1 

 If phase = 5 Then phase = 1 

 Goto loop1 

 

Loop1: 

Led1 = 1 

WaitMs 3000 

End 

 

 

 
Figure 4.2: The simulation in PROTEUS. 
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Figure 4.3: The hardware testing. 

 

 

4.4 LCD Testing 

 

 

The LCD testing is conducted to make sure the program for LCD is 

functioning well. Below is the programming for the LCD. The LCD will display 

“LCD display” when the button is pressed. The result of the LCD testing of hardware 

is in Figure 4.4. Figure 4.5 is the simulation tested in PROTEUS. 

 

 

Define CONF_WORD = 0x3f72 

Define CLOCK_FREQUENCY = 12 

 

Symbol t_right = PORTB.3 

Symbol t_down = PORTB.2 

Symbol t_up = PORTB.1 

Symbol t_left = PORTB.0 

Symbol i2cclock = PORTC.3 

Symbol i2cdata = PORTC.4 

 

Define LCD_BITS = 4 

Define LCD_DREG = PORTB 

Define LCD_DBIT = 4 

Define LCD_RSREG = PORTC 

Define LCD_RSBIT = 0 

Define LCD_EREG = PORTC 
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Define LCD_EBIT = 5 

 

PORTA = 0 

PORTB = 0 

PORTC = 0 

TRISA.1 = 0 

TRISA.5 = 0 

TRISC.2 = 0 

TRISC.1 = 0 

AllDigital 

ADCON1 = 0x0f 

Lcdinit 

WaitMs 1000 

newprogram: 

Gosub welcome 

End 

 

welcome: 

Lcdcmdout LcdClear 

Lcdout "LCD display" 

WaitMs 3000 

End 

 

 
Figure 4.4: The tested LCD at hardware. 
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Figure 4.5: Simulation in PROTEUS. 

 

 

 

 

4.5 Charging Circuit Testing. 

 

 

As in the objectives the charging circuit is one of the objectives to be 

fulfilled. For charging circuit testing, the testing is by collecting the data from 

charging as in the Table 4.1. 

 

 

Table 4.1: Charging circuit testing. 

 

Input Voltage Output Voltage 

1 V 0.0 V 

3 V 0.0 V 

5 V 2.2 V 

6 V 3.0 V 

7 V 3.9 V 

9 V 6.0 V 

12 V 8.9 V 

14 V 10.7 V 

16 V 12.7 V 

18 V 14.7 V 

20 V 16.6 V 

22 V 18.7 V 

24 V 20.6 V 
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Figure 4.6: Graph Input Voltage vs. Output Voltage 

 

 

 The output voltages of the charging circuit are as in the Table 4.1 above. The 

output voltage shows that the input voltages are regulated by the voltage regulator 

LM317. To charge a 12 V Sealed Lead Acid it needs more than 12 V to charge the 

battery of 12 V. The battery charger is able to regulate the output of 37 V and with a 

40 V input maximum. However if the voltage used to charge is too high it will 

shorten the battery life. 
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Figure 4.7: Charging Circuit 

 

 

 

 

4.6 Charging Circuit Result 

 

 

The charging circuit is connected to the controller circuit, where the PIC is 

controlling the charging start. The charging is start by pressing a push button to 

select the menu charge from the LCD screen as in Figure 4.8. 

 

 

 
Figure 4.8: Selecting Program on LCD display. 
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 The input voltage to charge the battery is 16 V.  Meanwhile the current is 

about 0.05 A. The battery voltage changes from 10.76 V to 10.77 V within 22 

minutes as in Figure 4.9 and Figure 4.10. 

 

 

 
Figure 4.9: The voltage charge is up to 10.76. 

 

 

 
Figure 4.10: The voltage value is 10.77 V after 22 minutes. 

 

 

 The charging will stop when reset button is pressed and the charging can be 

continued by pressed the select button to charge from the menu on the LCD screen. 

 



 

CHAPTER 5 

 

 

 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

 

 

5.1 Conclusion 

 

 

The battery level monitoring system is a project that displays the charging 

and discharging of a 12 V Sealed Lead Acid battery. This project also helps the user 

to monitor the voltage value and the charging and discharge state of the battery. The 

purpose of this application is to monitor the voltage, charging and discharging. 

Besides that, a battery charger circuit is developed to charge the battery.  

 

 

This project includes three parts. The first part is the charging circuit. The 

charging circuit of this project should be able to charge a 12 V Sealed Lead Acid 

battery. The circuit should stop charging when the charging is almost full to make 

sure it will not damage the battery.  

 

 

The second part of this project is the controller circuit. The controller circuit 

is the brain of this project. In this controller circuit contains the PIC or the 

microcontroller. This microcontroller needs a program to be operated. 

 

 

The last but not least is the monitoring circuit. The monitoring circuit is to 

display the charging and discharging state of the battery and also the voltage value of 

the battery. 

 

 

 



41 
 

5.2 Problem 

 

 

During the project there should be some certain problems occur during the 

progress of this project. The problems can be resolved by many certain ways, so the 

purpose of this problem discussed is to provide information for others to resolve 

when the problems occur. 

 

 

One of the problems is during developing the power circuit. The power 

circuit in this project should be providing a +5 V power to supply to the 

microcontroller. The solution for this problem is by troubleshooting the connection 

in the circuit. There is some error in the connection. 

 

 

 Besides that, during the testing of the circuit some problems occur to activate 

the LED with a functional programming. The programming develops is not 

functioning well so the LED in the circuit is not activated. When the programming is 

tested in the software, PROTEUS the programming shows no problem to activate the 

LED. The solution that came across is to troubleshoot the programming. It seems that 

the programming will be functioning well in the software but not in the hardware. To 

solve the problem due to this is by adding a device to be defined in the programming. 

 

 

 Other than that, during developing the charging circuit there are some spark 

happens occurred during the test. Thus, the problem is solved by troubleshooting the 

circuit to make sure the connection is correct. The problem causing this case is 

because of the ground and +5 V is short circuit. 

 

 

 

 

5.3 Recommendation 

 

 

For the future used on this project, some recommendation is provided to 

improve the project performances and functions. 
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This project monitors the battery charging and discharging state and also the 

voltage value. There are many other parameters that can be monitored to make sure 

the battery is in a good condition. For example of the parameter is the temperature. 

The importance of monitoring the temperature is because the battery performance 

will change dramatically with temperature. 

 

 

Other than that, this project also can be done with wireless monitoring. The 

advantage of wireless monitoring is the battery can be stored at a place that is 

hazardous, and the battery level can be monitored from afar. 

 

 

When the charging is complete the charging will be automatically stop, to 

indicate the charging is complete is by adding a buzzer. When, a buzzer is added the 

user will be notify by the sound of the buzzer instead of light indicator. 
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APPENDIX A 

Schematic Circuit Diagram 
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APPENDIX A 

Schematic Circuit Diagram 
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APPENDIX B 

Project Coding 

Define CONF_WORD = 0x3f72 

Define CLOCK_FREQUENCY = 12 

 

Symbol t_right = PORTB.3 

Symbol t_down = PORTB.2 

Symbol t_up = PORTB.1 

Symbol t_left = PORTB.0 

Symbol ledcharge = PORTA.1 

Symbol leddischarge = PORTA.7 

Symbol charge = PORTC.2 

Symbol discharge = PORTC.1 

Symbol i2cclock = PORTC.3 

Symbol i2cdata = PORTC.4 

 

Define LCD_BITS = 4 

Define LCD_DREG = PORTB 

Define LCD_DBIT = 4 

Define LCD_RSREG = PORTC 

Define LCD_RSBIT = 0 

Define LCD_EREG = PORTC 

Define LCD_EBIT = 5 

 

Const c_right = 1 

Const c_up = 2 

Const c_down = 3 

Const c_left = 4 

 

Dim vin As Word 

Dim i As Byte 

Dim j As Byte 

Dim an0 As Word 

Dim vmod As Word 

Dim vfinal As Word 

 

Dim v(13) As Word 

Dim vmax As Word 

Dim vmaxdelay As Byte 

Dim vmaxnum As Byte 

 

Dim finish As Bit 

Dim address As Word 

Dim seconds As Byte 

Dim minutes As Word 

Dim hours As Byte 

 

Dim voltage As Word 

Dim voltage1 As Word 

Dim voltage2 As Word 

Dim cnt As Word 
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APPENDIX B 

Project Coding 

Dim sample As Word 

 

Dim program As Byte 

Dim phase As Byte 

Dim key As Byte 

 

Dim dischargelimit As Word 

Dim signalfiltertype As Byte 

Dim mintime As Byte 

Dim minvalue As Word 

Dim maxtime As Word 

 

PORTA = 0 

PORTB = 0 

PORTC = 0 

TRISA.1 = 0 

TRISA.5 = 0 

TRISC.2 = 0 

TRISC.1 = 0 

AllDigital 

ADCON1 = 0x0f 

Lcdinit 

WaitMs 1000 

 

newprogram: 

Gosub welcome 

Gosub selectprogram 

If program = 1 Then Gosub prog_charge 

If program = 2 Then Gosub prog_discharge 

If program = 3 Then Goto prog_combine 

If program = 4 Then Goto prog_features 

Goto newprogram 

End 

 

welcome: 

Lcdcmdout LcdClear 

Lcdout "PSM Project 2012" 

Lcdcmdout LcdLine2Home 

Lcdout "Loading..." 

WaitMs 3000 

Return 

 

selectprogram: 

phase = 1 

Lcdcmdout LcdClear 

Lcdout "Select Program:" 

loop1: 

Lcdcmdout LcdLine2Clear 

If phase = 1 Then Lcdout "1-Charge" 
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APPENDIX B 

Project Coding 

If phase = 2 Then Lcdout "2-Discharge" 

If phase = 3 Then Lcdout "3-Combine" 

If phase = 4 Then Lcdout "4-Features" 

Gosub waitkey 

If key = c_down Then 

 phase = phase + 1 

 If phase = 5 Then phase = 1 

 Goto loop1 

Endif 

If key = c_up Then 

 phase = phase - 1 

 If phase = 0 Then phase = 4 

 Goto loop1 

Endif 

If key = c_right Then program = phase 

If key = c_left Then program = 0 

Return 

 

waitkey: 

key = 0 

If t_right = 1 Then key = c_right 

If t_up = 1 Then key = c_up 

If t_down = 1 Then key = c_down 

If t_left = 1 Then key = c_left 

If key = 0 Then Goto waitkey 

Gosub debounce 

Return 

 

getkey: 

key = 0 

If t_right = 1 Then key = c_right 

If t_up = 1 Then key = c_up 

If t_down = 1 Then key = c_down 

If t_left = 1 Then key = c_left 

If key > 0 Then Gosub debounce 

Return 

 

debounce: 

If t_right = 1 Then i = 0 

If t_up = 1 Then i = 0 

If t_down = 1 Then i = 0 

If t_left = 1 Then i = 0 

i = i + 1 

WaitMs 10 

If i < 10 Then Goto debounce 

Return 

 

scankey: 

If t_right = 1 Then key = c_right 
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APPENDIX B 

Project Coding 

If t_up = 1 Then key = c_up 

If t_down = 1 Then key = c_down 

If t_left = 1 Then key = c_left 

Return 

 

initroutine: 

Lcdcmdout LcdClear 

Lcdout "Starting..." 

WaitMs 3000 

Gosub getvin 

For i = 1 To 12 

 v(i) = vin 

Next i 

vmax = 0 

vmaxdelay = 0 

vmaxnum = 0 

finish = 0 

seconds = 251 

minutes = 0 

hours = 0 

key = 0 

 

Lcdcmdout LcdClear 

Return 

 

prog_discharge: 

discharge = 1 

leddischarge = 1 

Gosub initroutine 

Lcdout "Discharging..." 

Lcdcmdout LcdLine2Home 

Signalfiltertype = 1 

Dischargelimit = 290 

While finish = 0 

 If signalfiltertype = 1 Then Gosub getvfinal1 

 If vfinal <= dischargelimit Then finish = 1 

 Gosub settime 

 Gosub showvoltage 

 If key = c_left Then finish = 1 

 key = 0 

Wend 

Lcdcmdout LcdLine1Clear 

Lcdout "Completed!" 

discharge = 0 

leddischarge = 0 

WaitMs 3000 

Return 

 

prog_charge: 
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Project Coding 

charge = 1 

ledcharge = 1 

Gosub initroutine 

Lcdout "Charging..." 

Lcdcmdout LcdLine2Home 

While finish = 0 

 If signalfiltertype = 1 Then Gosub getvfinal1 

 If vfinal > vmax Then vmaxdelay = vmaxdelay + 1 

 If vmaxdelay = 5 Then 

  If vmaxnum < 5 Then vmaxnum = vmaxnum + 1 

  vmax = vfinal 

  vmaxdelay = 0 

 Endif 

 If peakdetect = 1 Then 

  vfinal = vfinal + peakgap 

  If vfinal <= vmax Then finish = 1 

  vfinal = vfinal - peakgap 

  If vmaxnum < 5 Then finish = 0 

 Endif 

 If minutes < mintime Then 

  finish = 0 

  vmax = vfinal 

  vmaxdelay = 0 

 Endif 

 If vfinal < minvalue Then 

  finish = 0 

  vmax = vfinal 

  vmaxdelay = 0 

 Endif 

 If minutes >= maxtime Then finish = 1 

 Gosub settime 

 Gosub showvoltage 

 If key = c_left Then finish = 1 

 key = 0 

Wend 

Lcdcmdout LcdLine1Clear 

Lcdout "Completed!" 

charge = 0 

ledcharge = 0 

WaitMs 3000 

Return 

 

prog_combine: 

Gosub prog_discharge 

WaitMs 10000 

Gosub prog_charge 

Goto newprogram 

Return 
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Project Coding 

prog_features: 

Lcdcmdout LcdClear 

Lcdout “PSM Project 2012” 

Lcdcmdout LcdLine2Home 

Lcdout “FKEE” 

WaitMs 3000 

 

Lcdcmdout LcdClear 

Lcdout “Aiesyah” 

Lcdcmdout LcdLine2Home 

Lcdout “EC08027” 

WaitMs 3000 

 

Lcdout “Supervisor” 

Lcdcmdout LcdLine2Home 

Lcdout “Ms.Nor Laili” 

WaitMs 3000 

Return 

 

getvin: 

vin = 0 

For i = 1 To 60 

 Adcin 0, an0 

 Vin = vin + an0 

Gosub scankey 

WaitMs 83 

Next i 

vmod = vin Mod 60 

vin = vin / 60 

If vmod >= 30 Then vin = vin + 1 

Return 

 

getvfinal1: 

For i = 1 To 11 

 J = i + 1 

 V(i) = v(j) 

Next i 

Gosub getvin 

v(12) = vin 

vfinal = 0 

For i = 1 To 12 

 Vfinal = vfinal + v(i) 

Next i 

vmod = vfinal Mod 12 

vfinal = vfinal / 12 

If vmod >= 6 Then vfinal = vfinal + 1 

Return 

 

showvoltage: 
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Project Coding 

'0V=0 2.5V=1023 2500/1023=2.444 

voltage = (vfinal * 2) + (vfinal * 4 / 10) 

voltage = voltage +(vfinal * 4 / 100) + (vfinal * 4 / 1000) 

voltage1 = voltage / 1000 

voltage2 = voltage Mod 1000 

Lcdcmdout LcdLine2Clear 

Lcdout #voltage1, "." 

If voltage2 < 100 Then Lcdout "0" 

If voltage2 < 10 Then Lcdout "0" 

Lcdout #voltage2, "V " 

hours = minutes / 60 

If hours < 10 Then Lcdout "0" 

Lcdout #hours, ":" 

hours = minutes Mod 60 

If hours < 10 Then Lcdout "0" 

Lcdout #seconds 

Return 

 

settime: 

seconds = seconds + 5 

if seconds >= 60 Then 

 seconds = 0 

 minutes = minutes + 1 

Endif 

Return 
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Datasheet PIC16F877A 
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Datasheet PIC16F877A 
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Datasheet PIC16F877A 
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Datasheet MOSFET IRF540 
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Datasheet MOSFET IRF540 
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APPENDIX D 

Datasheet MOSFET IRF540 
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Datasheet 16x2 Alphanumeric LCD Module 
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Datasheet 16x2 Alphanumeric LCD Module 
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Datasheet 16x2 Alphanumeric LCD Module 
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Datasheet LM 317 
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Datasheet LM 317 
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Datasheet LM 317 
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Cost of Project 
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Cost of Project 
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Project Circuit 

 

 

 

 

 


