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1 Goal of the Project

The aim of the project is to convert decimal numbers to hexadecimal numbers
inputted from a 4x4 keypad and later displayed on an LCD via Microchip PIC
microcontrollers.

1.1 Components

� Input: 4x4 Keypad
Constructed from 16 individual push buttons.

� Output: LCD (LM016L)

� Micro-controller: PIC16F877A

� Quartz Crystal

� Potential Resistor: 1kΩ

� Capacitor: 20pF x2
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2 Hardware

For the sake of clearance and conciseness I have divided this section in to 3
phases:

� Timer

� LCD

� Keypad

2.1 Timer

For our circuit first we shall have a timer. Our micro-controller and the timer
shall have the same clock frequency to satisfy the competence for the simultane-
ity between various components. Capacitors are connected parallel to the crystal
which they will resonate together and cause it to oscillate on its fundamental
parallel-resonant mode. And the other end of the capacitors are connected to
ground. This is also called the crystal load capacitance. And then, it will be
connected to the OSC ports of PIC16F877A.

[1]
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2.2 LCD

For the visual interface we are using LM016L LCD. LM016L is a 16x2 Liquid
Crystal Display and supplied with +5V, which makes it the ideal display for
our project. Brightness of the screen is controlled by a potential resistor. Data
bus line is connected to the B port of our micro-controller.

[2]
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2.3 Keypad

For the interface we are using a 4x4 keypad. This keypad is constructed by con-
necting 16 push-buttons in square formation, in parallel. Keypad is connected
to the PORT D of PIC16F877A.
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3 Software

3.1 Explanation

Although the code may be self explanatory by the added explanations here I
will again explain code part by part in detail. For the entire code one may see
the Subsection: Entire Code.

3.1.1 LCD Configurations

We are connecting the LCD to the PORT B of PIC16F877A. Here we set the
PORTS, then the directions of these PORTS with TRIS function.

// Lcd pinout s e t t i n g s
s b i t LCD RS at RB0 bit ;
s b i t LCD EN at RB1 bit ;
s b i t LCD D7 at RB5 bit ;
s b i t LCD D6 at RB4 bit ;
s b i t LCD D5 at RB3 bit ;
s b i t LCD D4 at RB2 bit ;

// Pin d i r e c t i o n
s b i t LCD RS Direction at TRISB0 bit ;
s b i t LCD EN Direction at TRISB1 bit ;
s b i t LCD D7 Direction at TRISB5 bit ;
s b i t LCD D6 Direction at TRISB4 bit ;
s b i t LCD D5 Direction at TRISB3 bit ;
s b i t LCD D4 Direction at TRISB2 bit ;
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3.1.2 Initialising Data Types

Here we initialise the integers and chars we will use.

� kp is for the ASCII values of the buttons pressed.

� count is to count the amount of times buttons pressed in a session.

� str is for the converted value of n1 (from dec to hex).

� i resembles the decimal conversion of ASCII value of kp.

� n1 is the summation of the pressed keys by their place value.

� char keypadPort at PORTD; is an initilaisation for us to use Keypad
library.

unsigned short kp , count = 0 ;
char s t r [ 5 ] ;
int i ;
int n1=0;
// Keypad module connec t ions
char keypadPort at PORTD;

3.1.3 Initialising Library Functions

� Initial count value is set to 0.

� Initialising Keypad Init function of library.

� PORT D is configured as digital I/O.

� Initialise LCD function of library.

� Clear the display and turn off the cursor.

� Explanatory welcome message and a delay to keep it on screen for 1 second.
Then clear the screen, making it ready for input.

void main ( ) {
count = 0 ; // Reset counter
Keypad Init ( ) ; // I n i t i a l i z e Keypad
PORTD = 0 ; // Conf igure AN pins as d i g i t a l I /O

Lcd In i t ( ) ; // I n i t i a l i z e LCD
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
Lcd Cmd( LCD CURSOR OFF ) ; // Cursor o f f

Lcd Out (1 , 1 , ” Press any Key” ) ; // Write message t e x t on LCD
Lcd Out (2 , 1 , ” After 1 sec . ” ) ;
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ;
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3.1.4 Keypad

� kp is set to 0.

� store values of pressed button to kp.

� In the switch function we have 16 different cases for each button valued
from 0 to F (4x4 hex keypad).

– Values written in the switch function are the ASCII codes of the
given values.

do {
kp = 0 ; // Reset key code v a r i a b l e
// Wait f o r key to be pres sed and r e l e a s e d
do

kp = Keypad Key Click ( ) ; // Store key code in kp v a r i a b l e
while ( ! kp ) ;

// Prepare va lue f o r output , transform key to i t ’ s ASCII va lue

switch ( kp ) {
case 1 : kp = 67 ; break ; // C
case 2 : kp = 68 ; break ; // D
case 3 : kp = 69 ; break ; // E
case 4 : kp = 70 ; break ; // F
case 5 : kp = 56 ; break ; // 8
case 6 : kp = 57 ; break ; // 9
case 7 : kp = 65 ; break ; // A
case 8 : kp = 66 ; break ; // B
case 9 : kp = 52 ; break ; // 4
case 10 : kp = 53 ; break ; // 5
case 11 : kp = 54 ; break ; // 6
case 12 : kp = 55 ; break ; // 7
case 13 : kp = 48 ; break ; // 0
case 14 : kp = 49 ; break ; // 1
case 15 : kp = 50 ; break ; // 2
case 16 : kp = 51 ; break ; // 3

}
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[3] ASCII Table

3.1.5 Operations on kp

� In the if loop, it is watching the count variable.

– count watches the times the key is pressed.

� It is operating 3 times to get numbers upto 3 decimal inputs.

� kp-’0’ converts the ASCII code to decimal value and we use i to represent
it in the following line.

� In every loop, we multiply the initial value with 10 and add the new input.

– For example: The inputs are 1,2,3.

* *(initially n1=0)

* first loop: n1(0)=10x0+1

* second loop: n1(1)=10x1+2

* third loop: n1(12)=10x12+3

* n1(final value)=123

� +1 is added to the integer count and the value of pressed button kp is
displayed on LCD.

//ASCII code o f kp i s conver ted to a decimal va lue
i f ( count <3){
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i=kp− ’ 0 ’ ;
n1=10*n1+i ;
}

Lcd Chr(1,++count , kp ) ; // Print key ASCII va lue on LCD

3.1.6 Printing the Result

� If the button is pressed 3 times, this loop start to flow. The count variable
can be increased or decreased according the needs. This number represents
the number of decimal places.

� After all 3 decimal places have been entered, after 1 second the LCD is
cleared and a message is given indicating the operation is being conducted.

� The ”loading..” message is cleared.

� IntToHex function converts the decimal value of n1 to hexadecimal value
of str.

� str i.e. the final result is displayed on the screen.

� count is set to 0 for new operations.

� LCD is cleared.

� n1 is set to 0 for new operations.

� do loop is closed with while(1) indicating to run indefinitely.

i f ( count == 3) { // I f counter v a r i a b l e ove r f l ow
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ;
Lcd Out (2 , 1 , ”Loading . . . ” ) ;
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
IntToHex ( n1 , s t r ) ; // Convert decimal s t r to hexadecimal
Lcd Out (2 , 1 , s t r ) ; // Print the f i n a l r e s u l t
delay ms ( 1 0 0 0 ) ;
count = 0 ; //Reset counter
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
n1=0;
}

} while ( 1 ) ;
}
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3.2 Entire Code

// Lcd pinout s e t t i n g s
s b i t LCD RS at RB0 bit ;
s b i t LCD EN at RB1 bit ;
s b i t LCD D7 at RB5 bit ;
s b i t LCD D6 at RB4 bit ;
s b i t LCD D5 at RB3 bit ;
s b i t LCD D4 at RB2 bit ;

// Pin d i r e c t i o n
s b i t LCD RS Direction at TRISB0 bit ;
s b i t LCD EN Direction at TRISB1 bit ;
s b i t LCD D7 Direction at TRISB5 bit ;
s b i t LCD D6 Direction at TRISB4 bit ;
s b i t LCD D5 Direction at TRISB3 bit ;
s b i t LCD D4 Direction at TRISB2 bit ;

unsigned short kp , count = 0 ;
char s t r [ 5 ] ;
int i ;
int n1=0;
// Keypad module connec t ions
char keypadPort at PORTD;

void main ( ) {
count = 0 ; // Reset counter
Keypad Init ( ) ; // I n i t i a l i z e Keypad
PORTD = 0 ; // Conf igure AN pins as d i g i t a l I /O

Lcd In i t ( ) ; // I n i t i a l i z e LCD
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
Lcd Cmd( LCD CURSOR OFF ) ; // Cursor o f f

Lcd Out (1 , 1 , ” Press any Key” ) ; // Write message t e x t on LCD
Lcd Out (2 , 1 , ” After 1 sec . ” ) ;
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ;
do {

kp = 0 ; // Reset key code v a r i a b l e
// Wait f o r key to be pres sed and r e l e a s e d
do

kp = Keypad Key Click ( ) ; // Store key code in kp v a r i a b l e
while ( ! kp ) ;

// Prepare va lue f o r output , transform key to i t ’ s ASCII va lue
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switch ( kp ) {
case 1 : kp = 67 ; break ; // 1
case 2 : kp = 68 ; break ; // 2
case 3 : kp = 69 ; break ; // 3
case 4 : kp = 70 ; break ; // A
case 5 : kp = 56 ; break ; // 4
case 6 : kp = 57 ; break ; // 5
case 7 : kp = 65 ; break ; // 6
case 8 : kp = 66 ; break ; // B
case 9 : kp = 52 ; break ; // 7
case 10 : kp = 53 ; break ; // 8
case 11 : kp = 54 ; break ; // 9
case 12 : kp = 55 ; break ; // C
case 13 : kp = 48 ; break ; // *

case 14 : kp = 49 ; break ; // 0
case 15 : kp = 50 ; break ; // #
case 16 : kp = 51 ; break ; // D

}
//ASCII code o f kp i s conver ted to a decimal va lue
i f ( count <3){
i=kp− ’ 0 ’ ;
n1=10*n1+i ;
}

Lcd Chr(1,++count , kp ) ; // Print key ASCII va lue on LCD

i f ( count == 3) { // I f counter v a r i a b l e ove r f l ow
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ;
Lcd Out (2 , 1 , ”Loading . . . ” ) ;
delay ms ( 1 0 0 0 ) ;
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
IntToHex ( n1 , s t r ) ; // Convert decimal s t r to hexadecimal
Lcd Out (2 , 1 , s t r ) ; // Print the f i n a l r e s u l t
delay ms ( 1 0 0 0 ) ;
count = 0 ; //Reset counter
Lcd Cmd( LCD CLEAR ) ; // Clear d i s p l a y
n1=0;
}

} while ( 1 ) ;
}
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4 Circuit
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