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Preface
About This Book

Th i s  ebook  i s  wr i t ten  to  he lp  s tudent s
unders tand  the  bas i c  sk i l l s  i n  des ign ing  an
embedded  sys tem  us ing  PIC 18 .  There  a re
f ive  examp les  o f  app l i ca t i ons  embedded  i n
rea l  l i f e .

The  f i r s t ,  second ,  and  th i rd  examp les  i n  th i s
l e s son  use  seven  ( 7 )  methods  each  to  he lp
s tudents  comprehend  the  en t i re  p rocess  i n
PIC  programming .

The  l a s t  two  examp les  mere ly  p rov ide  a
s imp le  s t ra tegy  fo r  reso lv i ng  PIC
programming .

Hopefu l l y ,  s tudent s  w i l l  l ea rn  how to  des ign
and  p rogram code  i n  a  s t ra igh t fo rward  and
conc i se  manner .
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Why PICWhy PIC
programming isprogramming is
good for you?good for you?

code y
our m

indse
t

Increase creativity

Develop self-disciplined

Logical mindset

Planning skill

Always learning

Adaptable and dynamic

□□

□□

□□

□□

□□

□□

□□ Documentation
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PORTx 

A special function register ( in Data Memory)
The content of this register corresponds to the value
of the electrical signal at its IO pin
Reads the device level
Store the input level of pins
Reads the input signal from external (if the pin is
configured as Input)
"1" results high voltage
"0" results low voltage

 

 ABOUT PIC18
C H E A T  S H E E T

PORTB = 0b1111111;

PORTB= 255;

PORTB= 0xFF;

PORTB = 0b00001111;

PORTB= 15;

PORTB= 0x0F;

PORTBbits.RB0 = 1; 

Pin  B0 to B7 are HIGH
Pin B0, B1, B2, B3 are HIGH, 

B4, B5, B6 & B7 are LOW
Pin B0 is HIGH
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TRISx
Each IO pin's direction (input or output) is controlled
by TRIS.

Tri-state, which refers to the possible states of a pin, is
simplified into the word TRIS. output logic 1 and output
logic 0

That pin functions as an output if the bit is set to 0. A
pin is an input if a bit is set to 1. Because a 0
represents an O for output and a 1 matches an I for
input, this is simple to remember.

 

ABOUT PIC18
C H E A T  S H E E T

TRISB= 0b1111111;

TRISB= 255;

TRISB= 0xFF;

TRISB= 0b00001111;

TRISB= 15;

TRISB = 0x0F;

TRISBbits.TRISB0 = 1; 

Pin  B0 to b7 are INPUT
Pin B0, B1, B2, B3 are INPUT, 
B4, B5, B6 & B7 are OUTPUT

Pin B0 is INPUT

8



LATx
LAT register (output latch)

When a pin is assigned to output, the LAT register will
control the output logic state of that pin. 

Logic High (VDD) is made by putting the LAT register to
1 and Logic Low (A) is made by putting the LAT register
to 0. (VSS). 

The LAT register bits for Input pins are Don't Care
since they have no effect on either Input or Output.

 

ABOUT PIC18
C H E A T  S H E E T

LATB= 0b1111111;

LATB= 255;

LATB= 0xFF;

LATB= 0b00001111;

LATB= 15;

LATB = 0x0F;

LATBbits.LATB0 = 1; 

Pin  B0 to B7 are  at logic HIGH
Pin B0, B1, B2, B3 are at logic HIGH, 

B4, B5, B6 & B7 are at logic LOW
Pin B0 at logic HIGH
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BASIC STRUCTURE
OF C PROGRAM

U N D E R S T A N D  

function

Header file

function prototype

main function

delaration 

statements 
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PROBLEM
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CIRCUIT DESIGN - FLOW
PROCESS

EXPLORE THE DATASHEET

ENHANCE -
UNDERSTANDING

7 STEPS

11

CONFIGURE INPUT &
OUTPUT

PROGRAM IT USING C
LANGUAGE
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CATEGORY HEIGHT,cm

1 less than 10

2 between 10 to 20

3 more than 20

STATEMENT
1 . P R O B L E M  

A recycle factory needs an automatic system to
isolate three types of bottle based on its height.
Ultrasonic sensor is use to detect the height.
Ultrasonic sensor is use to detect the heigt of the
bottles. Bottle categories have summarized as
shown in Table below. If bottle in Category 1
detected, conveyor 1 will running to move the
bottle for isolation. While, if a bottle in Category 2
detected, the conveyor 2 will be running.
Otherwise, if the bottle in Category 3, Conveyor 3
will be running. With the information as in
Diagram B2, design the appropriate system. 

SPECIFICATION:
 

VREF(+)=5V
VREF(-)=0V

SENSOR SCALE FACTOR = 9.766 mV/cm 
using Channel AN0

A/D conversion results format: Left justified
A/D Conversion Clock  FOSC/16

12 TAD acquisition time
Resolution = 10 bits
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PIC 18 F45K22

Ultrasonic Sensor 

3 units motor (as conveyor)

3 units diode

3 units 1 channel relay module

3 units transistor 2N1711

12V and 5V supply

MAIN COMPONENT
2 .  C I R C U I T  D E S I G N

14



SCHEMATIC CIRCUIT
2 .  D E S I G N

Ultrasonic Sensor
Pin A0 as Input

 

 
Pin D0, D1 & D2 as output

 D R A W  T H E  C I R C U I T :
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FLOW PROCESS
3 .  C I R C U I T  D E S I G N

 detect height of  bottle

if bottle is less than 10 
cm, conveyor 1 on 

if bottle is 10 to 20 cm,
conveyor 2 on

 if bottle is more than 
20 cm, conveyor 3 on
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Start

HEIGHT<=10

YES
CONVEYOR1

ON

CONVEYOR2
ON 

NO

End

FLOW CHART
3 . U N D E R S T A N D

1.detect height of bottle

2.if bottle is less than 10 
cm, conveyor 1 is on 

 
 

4.if bottle is more than 
20 cm, conveyor 3 on

 
 

HEIGHT>10
&&

HEIGHT<=20 

HEIGHT>20 CONVEYOR3
ON

Detect HEIGHT 

NO

YES

YES

3.if bottle is 10 to 20 cm,
conveyor 2 is on

 

17



Output Device:

1. Conveyor 1
2. Conveyor 2
3. Conveyor 3

INPUT/OUTPUT
4 .  C O N F I G U R A T I O N

01
Input Device: 
1 .Ultrasonic Sensor 

02

analog sensor as Input
Pin A0 as Input

TRISAbits.RA0 = 1;

digital output
Pin D0, D1 & D2 as output

TRISDbits. RD0 = 0;
TRISDbits. RD1 = 0;
TRISDbits. RD2 = 0;

TRISBbits.RB1=1 ; 

TRISBbits.RB1=0 ; 

INPUT = 1 ; 

OUTPUT = 0 ; 

We use "TRIS" to configure 
Input & Output ; 
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Start conversion by setting
the GO/DONE bit.
Wait for ADC conversion to
complete

C LANGUAGE
5 .  P R O G R A M M I N G

01

Select ADC input channel. 
 Turn on ADC module .
[ADCON0]

02

 Configure voltage reference.
[ADCON1] [VREFCON]

03

 Select result format. Select
acquisition delay.
 [ADCON2 & ADRES]

04

05

 C O N F I G U R E  T H E  A D C  M O D U L E :

 Read ADC Result
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declare CONVEYOR1, 2 & 3
using #define

 
 

C LANGUAGE
5 .  P R O G R A M M I N G

ADRESULT & HEIGHT declared
as Floating number (due to

decimal point in the formula*)
 
 

Pin initialization, Pin D0-D7 as
output and Pin A0 as input.

 

Analog/Digital Conversion set
up. Please refer to datasheet**

 
 

 M P L A B  S I M U L A T I O N
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GO_DONE==0, means check
status of Analog/Digital

Conversion, it is completed?
 
 

Keep ADRESULT to Left Justified in
ADRES register (shift to ADRESH then

add LSB to ADRESL)
 
 HEIGHT = RESULT X VREF 

              RESOLUTION X SENSOR SCALE FACTOR

C LANGUAGE
5 .  P R O G A M M I N G

VREF(+)=5V
VREF(-)=0V

SENSOR SCALE FACTOR = 9.766 mV/cm 
So, SENSOR SCALE FACTOR= 0.009766 mV/cm

using Channel AN0
A/D conversion results format: Left justified

A/D Conversion Clock  FOSC/16
12 TAD  acquisition time

Resolution = 10 bits =2^10=1024
 
 
 
 
 

GO_DONE=1, enable the
Analog/ Digital Conversion

 
 

If statements for 3 conditions
of HEIGHT

 
 

formula*

 M P L A B  S I M U L A T I O N
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EXPLORE DATASHEET
6 .  R E G I S T E R

ADCON0= 0b00000001;
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EXPLORE DATASHEET
6 .  R E G I S T E R

ADCON1= 0b00001110;
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EXPLORE DATASHEET
6 .  R E G I S T E R

ADCON2= 0b00101101;
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UNDERSTANDING
7 .  E N H A N C E

A factory needs an automatic system to run a cooling system
based on temperature in their control room. Temperature 
 sensor (LM35) is use to detect the temperature. The
temperature control conditions have summarized as shown in
Table below.  
With the information as in the specification below, design the
appropriate system.
Build the complete program & circuit of the control system.

Now, with the same situation, we will change the control system
to the following situation. 

SPECIFICATION:
 

VREF(+)=Fixed voltage references (4.096V)
VREF(-)=0V

SENSOR SCALE FACTOR = 10.0 mV/ degree Celcius
using Channel AN2

A/D conversion results format: Right justified
A/D Conversion Clock  FOSC/16

12 TAD acquisition time
Resolution = 10 bits

 
 
 
 
 

degree Celcius output

0 - 20 fan 1 on

21 -35 fan 1 & 2 on 

> 35
fan 1,2,3 &
buzzer on
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N O T E S

S  M  T  W  T  F  S/      / 

26



I am fueled by

happy thoughts 

and coffee

T A K E  A  B R E A K  
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STATEMENT
1 . P R O B L E M  

An automation company has been assigned by a food and beverage
manufacturing plant to design and install a packaging system for bottle
based on PIC18 microcontroller. This system used a motor to move a
conveyor belt that carry and drops bottles into a box. A counter sensor
will count the amount of bottles that fall into the box. After TEN (10)
bottles has fallen, motor will stop moving and buzzer will be switched on.
Sensor is ACTIVE LOW. Buzzer and motor are ACTIVE HIGH. As a
programmer of the company, you are required to design the packaging
system. Using Timer0 Interrupt as a counter, Use a C language to write
program to perform. 

FLOW PROCESSFLOW PROCESS

Conveyer motor moving

Sensor count 10 objects

Conveyer motor stop

 Switch on buzzer

29



2 . C I R C U I T  D E S I G N

PIC 18F45K22

Active push button (sensor)

Animated DC Motor

Active buzzer

Transistor (2N2222)

1K Ohm resistor

MAIN COMPONENT

5V relay
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3 .  C I R C U I T  D E S I G N
PROTEUS
SIMULATION

31



Component Reading Input Writing Output
Input/Output
declaration

Push button
(sensor)

PORTAbits.RA4 - TRISAbits.TRISA4

DC Motor
(conveyer)

- LATDbits.LATD7 TRISDbits.TRISD7

Buzzer
 (alarm)

- LATCbits.LATC0 TRISCbits.TRISC0

INPUT/OUTPUT
4 . C O N F I G U R A T I O N

Based on the given problem, we can summarize as in the following table.
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C LANGUAGE
MPLAB SIMULATION

5 .  P R O G R A M M I N G

Define variable name

RA4/T0CK1 is counter sensor - input
RC0 connected to buzzer - output
RD7 connected to motor - output

TMR0ON, T08BIT, T0CS,T0SE & PSA all set to 1.
Refer to T0CON register for details.

8 bit counter =256. Therefore 256-10=246. 
(246)10 = (F6)16

Initial output condition

Output condition after 10 counts

Stop Timer 0.
Clear Timer 0 Interrupt flag.

Check if interrupt occur 
after 10 counts
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EXPLORE DATA SHEET
6 .  R E G I S T E R

34



UNDERSTANDING
7 .  E N H A N C E

A counter sensor will be connected to Pin RA4
Conveyer motor will be connected to Pin RC5
Buzzer will be connected to Pin RB3
Motor will stop moving and buzzer will be switch on when the
counter sensor count to 20 bottles fall into the box.
Use a 16 bit counter system without  prescaler.

Now, with the same situation, we will change the control system
to the following situation. 

Rebuild the complete program of the control system.
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My Notes
Date: 

#BulletJournal
36
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You
deserve
to feel like
you always
matter.
Because
you always
do
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STATEMENT
P R O B L E M  1 .

As a programmer,  you are required to design a
robot toy where a robot eye's will appear red at
night time. However during daylight the eye will
appear green. 
(Tips: Use any PORT in PIC18. 

At nightDuring daylightDuring daylight
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MAIN COMPONENTS
2 .  C I R C U I T  D E S I G N

PIC 18 F45K22

LDR Sensor 

1 LED Red

1 LED Green

2 Resistor

40



PROTEUS 
SIMULATION

2 .  C I R C U I T D E S I G N

41



FLOW PROCESS
3 .  C I R C U I T  D E S I G N

 Sensor detect light or no
light

if sensor detect NO light,
LED RED will blinking 

otherwise , LED GREEN
will blinking

42



Start

Light
Sensor==0

YES

LED RED ON
LED GREEN OFF 

LED RED OFF
LED GREEN ON 

NO

End

FLOW CHART
1.sensor check the

light condition

2.if sensor detect 
NO light,

 

3.if sensor detect 
light

 

3 . U N D E R S T A N D
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Output Device:

1. LED

INPUT/OUTPUT
4 .  C O N F I G U R E

01
Input Device: 
1 .Light Sensor 

02

Declare Light Sensor (LDR)  as Input
TRISCbits.TRISC3=1;

Declare LED as Output
TRISD=0;

TRISC=0xFF 

TRISCbits.TRISC3=1 ; 

Using  Byte Addressable 
 

We can configure  'TRIS' either using Byte
 or Bit Addressable format

If Using Bit Addressable 
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Check Sensor Status :
 
 
 

LED RED TURN OFF
LED GREEN TURN ON

 
 

C LANGUAGE
5 .  P R O G R A M M I N G

Declare PORT for  Sensor, 
LED RED and LED GREEN

 
 

Declare each PORT as
INPUT/OUTPUT.

 
 

LED RED TURN ON
LED GREEN TURN OFF
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UNDERSTANDING
7 .  E N H A N C E

A counter sensor will be connected to Pin RA4
Conveyer motor will be connected to Pin RC5
Buzzer will be connected to Pin RB3
Motor will stop moving and buzzer will be switch on when the
counter sensor count to 20 bottles fall into the box.
Use a 16 bit counter system without  prescaler.

Now, with the same situation, we will change the control system
to the following situation. 

Rebuild the complete program of the control system.
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 N O T E
/         /
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One step at a
time. You'll get

there.
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A security door is attached to a sensor switch
(active LOW) which is connected to INT0 and a
busser  (active HIGH) is connected to RD7. Design
a control system so that every time the door is
opened, the buzzer beeps twice. Apply interupt
programming for this system. Set the interrupt to
be triggered on rising edge. 

STATEMENT
P R O B L E M  

50

DO ITDO IT
YOUR WAY
YOUR WAY



INPUT/OUTPUT
D E S I G N  C I R C U I T

51



this is how we code
INTERRUPT 

 

reset IF, set IF to 0
 

C LANGUAGE
P R O G R A M M I N G

52

Check your datasheet to
configure the INTERRUPT

 

check if INT0 occurs
 



"Stop making plans,
go ahead."

 Bob Sadino
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STATEMENT
P R O B L E M  

JV Company Sdn Bhd has been assigned by Majlis
Perbandaran Kulim Hitech to design  a smart traffic light
systems at the busiest traffic light in Kulim Hitech
Industrial Area. As a programmer, you are responsible to
design the system for pedestrian to cross the road. The
specifications are give as below:

(a) Use active LOW push button, an active HIGH buzzer ,
active HIGH LED for vehicles ( RED, YELLOW and GREEN)
and active HIGH LED for pedestrianc (GREEN and RED)

(b) Push button must be connected to RB1/INT1 while LED
and buzzer are connected to PORTD

(c) To cross the road, pedestrian has to press the push
button that is programmed as external hardware
interrupt. The systems will function as normal after the
interrupt. 
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DO ITDO IT
YOUR WAY
YOUR WAY



Output Device

INPUT/OUTPUT
C O N F I G U R A T I O N

56

01
Input Device 

02

pedestrian button 

traffic light, pedestrian light 
 & buzzer



INPUT/OUTPUT
D E S I G N  C I R C U I T

57



You also can use byte addressable format.
TRISD=0

C LANGUAGE
P R O G R A M M I N G

Define simple name
 to all output  pin 
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Initial condition if 
no intterupt occur.

Interrupt occur, 
'crossing lane' button  is pressed

INTCON3 is set based 
on design requirements

The Yellow LED is ON, signaling for the car to stop.
while Red LED (pedestrian) is still OFF.

The Red LED is ON for the car to stop  
and pedestrians to cross.

The buzzer is also turned ON for 10 counts

 After 10 counts, Green LED & 
pedestrian Buzzer is OFF. 

The car's Green LED will be turned ON 
for traffic to return to normal.pin 
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