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Preface
About ThisBook

This ebook is written to help students
understand the basic skills in designing an
embedded system using PIC18. There are
five examples of applications embedded in
real life.

The first, second, and third examples in this
lesson use seven (7) methods each to help
students comprehend the entire process in
PIC programming.

The last two examples merely provide a
simple strategy for resolving PIC
programming.

Hopefully, students will learn how to design
and program code in a straightforward and
concise manner.
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CHEAT SHEET

MCLR/NVPPIRES [ 1 1 RB7/PGD
PORTXx RAO [ 2 39[] RBGIPGC
RAT [ 3 38 [] RB5
RA2 [ 4 370 RB4
, : : . RA3 ] RB3
A special function register (in Data Memory) RA4 Eg 323 RB2
The content of this register corresponds to the value 2';‘2 E . N 3@% E:.;
of the electrical signal at its 10 pin s e X 9H Ve
. v w u
Reads the device level Vee 12 3 oE ror
Store the input level of pins o O oF ros
Reads the input signal from external (if the pin is RCOg1s & 261 RC7
) RC1 ] 16 251 RC6
configured as Input) RC2 ] 17 24 1 RC5
"1" results high voltage RoO E 13 ;3% R0
"0" results low voltage RO 20 215 RD2
Pin BO to B7 are HIGH Pin BO, B1, B2, B3 are HIGH, Pin BO is HIGH
B4, B5, B6 & B7 are LOW
PORTB=0b1111111; PORTB = 0b00001111;
PORTB= 255; PORTB= 15; PORTBDbIts.RBO = 1;
PORTB= OxFF; PORTB= OxOF;




CHEAT SHEET

TRISx MCLRMNVPPIRE3 [

1 1 RB7/PGD
Each 10 pin's direction (input or output) is controlled s 3o Reapec
RA2 [ 4 1 RB4
by TRIS. RA3 [ 5 22 5 RB3
RA4 [ 6 35[] RB2
. . . o B
Tri-state, which refers to the possible states of a pin, is REo 08 N 30 Reo
simplified into the word TRIS. output logic 1 and output s e X 9H Ve
logic O VoD [ 11 w 300 RO7
g Vss [ 12 =1 2a ] RD6
RA7 [ 13 ® 28 ] RD5
RAG ] 14 o 27 [] RD4
That pin functions as an output if the bit is set to 0. A RCOJ15 & 261 RC7
- . . - RC1 ] 16 25[1 RC6
pinis an input if a bit is set to 1. Because a 0 RC2 [ 17 24[1 RCS
RC3 [] 18 230 RC4
represents an O for output and a 1 matches an | for RDO [ 19 221 RD3
input, this is simple to remember. RO 20 21 ROz
Pin BO to b7 are INPUT Pin BU, B1, 52, B3 ane INBUT, Pin BO is INPUT
B4, B5, B6 & B7 are OUTPUT
TRISB=0b1111111; TRISB= 0b00001111;
TRISBbIts.TRISBO = 1;
TRISB= 255; TRISB=15;

TRISB= OxFF, TRISB = OxOF;




LATX MCLR/VPR/RE3 [

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.

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

B4, B5, B6 & B7 are at logic LOW
N D RN -/
LATB=0b1111111; LATB= 0b00001111;
LATB= 255; LATB=15;

LATB= OxFF, LATB = OxOF;

CHEAT SHEET

RAD
RA1 [
RAZ
RA3 [
RA4
RAS [
RE0
RE1 [
REZ [
VoD [
Vss [
RAT O
RAG
RCO
RC1
RC2
RC3 [
RDO ]

RD1 [

39
38
37
38
35

[==Te I =2 B4 B S U S

33
32
3
30
29

—"
o

Y
o R

27
28
25
24
23
22
21

PIC18(L)F4XK22

& A ok ok o
0 00 =~ ot

OO OO LT LT LT LT LT L

[a4]
[

N

Pin BO at logic HIGH

RB7/PGD
RBG/PGC
RB3

RB4

RB3

RB2

RB1

RBO

Voo

Vss

RD7

RD6

RDS

RD4

RC7

RC6

RC5

RC4

RD3

RD2

/

LATBbIts.LATBO = 1;




UNDERSTAND

I = VI 5 Y R F R i B

5 Header file

& main function

b function

-

1a
11

14
15
1la
17
15
145
20

21
2

L4
25
26
27
28
29
30

i
]
T

[¥a]

#include <xc.h>

vold meDelay (unsigned int) ;
vold main (void)
I
TRISB=0; //make Port B a.
while(l) //repeat forever
{
PORTE=0x55;
msDelay (250) ;
PORTB=~PORTE ;
meDelay (250) ;
}
-}
vold msDelay (unsigned int iTime)
I
unsigned int i; unsigned char j»
for{(i=0;i<iTime;i++)
{
for ( j=0: 37 <165; j++):
}
-}

delaration

function prototype q

<

statements q

10
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1.PROBLEM

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.

CATEGORY HEIGHT,cm
SPECIFICATION:
1 less than 10
VREF(+)=5V
VREF(-)=0V 2 between 10 to 20
SENSOR SCALE FACTOR =9.766 mV/cm
using Channel ANO
3 more than 20

A/D conversion results format: Left justified
A/D Conversion Clock FOSC/16
12 TAD acquisition time

Resolution = 10 bits VY




2. CIRCUIT DESIGN

v/ PIC 18 F45K22

yf Ultrasonic Sensor

yf 3 units motor (as conveyor)
g 3 units diode

g 3 units 1 channel relay module
yf 3 units transistor 2N1711

g 12V and 5V supply




/

2. DESIGN

CRAW THE CIRCUIT:

Ultrasonic Senso
Pin AO as Input

aranc

Pin DO, D1 & D2 as output s

/

.
'4)//4:‘6////

CONVEYER 1

+12V

RADIC1ZIND-AND RCOPZBTICKITIGTICKISOSCO =12
RANCIZINTANT RCUFZAICCPRSOSCI (=1
2] RAZIC2INGANZDACOUTAREF. RCZCTPLEPIACCPUTECKIANIA f—1L.
L] RASC IN+ANINREFs RCUSCK1SCLIANIS [—1E
£ RascIOUTISROMACK! RCAEDIISDATIANTG [—ak
L] RASIC20UTISANGEETHLYDINIANS RCSSDOUANIT 2L
L rasicLioiosC2 RCATHHICKIAND (52
5] RATICLKNOSCT RCTIRX1/DT1AN19 |25
RONSCR2ISCL2ANZY Pt
2] RBOINTOFLTHSRIAN 12 20
L] REVINTHIC1ZING- AN RO —
2] REZINT2ZICTED1/ANS ROMP2CEETAND |22
28] mRuCTEDZPZAICC N o2ianas 2L
Al REAIOCATEGIANIE RDS/P1BIANZS [—aie
28] RRSI0C1PAACCPATICKITIGIANT RDB/P1 CITHACKIIANDE |22
L resiocaPsC ROTIPIDRXZDTHANIT il
r— RETAOCIPGD
REQPIAICCPHANS [—m
RE1IPIB/ANG [—-
RENCCPSANT [tk
WCIRVPRRES [—1
TCTBFAERE

=@ R1

r

10k

as

M

+i2v

15



5. CIRCUIT DESIGN

FLOW PROCESS

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

16




5.UNDERSTAND

.a 1.detect height of bottle

L

[Detect HEIGHT]

2.if bottle is less than 10

l cm, conveyor 1 is on
YES 9
CONVEYOR1T | —__
ON
NO

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

HEIGHT>10
&&
HEIGHT<=20

YES [ CONVEYOR2 | 9}

ON

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

YES
CONVEYOR3 _
ON

)|

17
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4. CONFIGURATION

analog sensor as Input
Pin AO as Input
TRISADbIts.RAO = 1;

digital output
Pin DO, D1 & D2 as output
TRISDbits. RDO = 0;
TRISDbits. RD1 = 0;
TRISDbits. RD2 = 0;

TRISBbits.RB1=1 ;

DID N
YOU INPUT =1

KNOW TRISBbits.RB1=0 ;

N

OUTPUT=0;

We use "TRIS" to configure
Input & Output;

18



5. PROGRAMMING

C LANGUAGE

CCNFIGURE THE ADC MCUDULE:

Select ADC input channel.
Turn on ADC module.
01 [ADCONQO]

~-.___ Configure voltage reference.
[ADCONT1] [VREFCON]

s
-

Select result format. Select __---
acquisition delay.
03 [ADCONZ2 & ADRES]

Start conversion by setting

*~._.___ the GO/DONE bit.
Wait for ADC conversion to
complete

Read ADC Result
05

19



5. PROGRAMMING

/I MPLAB SIMULATICON

[
[

&
it

J
i
I
]

i
it
[aT]

i
L

J
[aT]
h
=
b= |
fu
!“4
e
[n)
=]
i
w
]
u
N

$include <xc.h>

$define XTAL FREQ 64000000

#define CONVEYOREL LATDbits.LATDO \» declare CONVEYOR1, 2 & 3
$define CONVEYORZ LATDbits.LATDI /7 using #define
$define CONVEYOR3 LATDbhits.LATDZ

T T _\._,._.,._.,.___._.\.]

£ [ - =
Jiah sy LA laa iy 1 8L

float ADRESULT: \ ADRESULT & HEIGHT declared

float HEIGHT; V4 as Floating number (due to
decimal point in the formula¥*)

wold main (void)

{

"SPORT INITILIZATICH

TRISD=0x00; % Pin initialization, Pin DO-D7 as
TRISAbits.RAO=1; output and Pin AO as input.
FAADC SET UE

ANSELAR=0p00000001;

ANSELD=0k00000000 ;

ADCCONO=0b00000001 \ Analog/Digital Conversion set
ADCON1=0b00001110; i up. Please refer to datasheet**

ADCOWNZ=0p00101101;




///L/

5. PROGAMMING

MPLAB SIMULATICN

GO_DONE=1, enable the
Analog/ Digital Conversion

while (1) / GO_DONE==0, means check
q .

status of Analog/Digital
ADLONOUR1ts. GO _DONE=L; /8Dl EHNAZLE Conversion, it is completed?

while (ADCONObRits.GD DONE==0) ;

ADRESTULT =ADRESH << + ADRESL:

HEIGHT= ADEESULT * 5/ (1024%0.0097&E) ; Keep ADRESULT to Left Justified in
ADRES register (shift to ADRESH then

if (HEIGHT <= _'|_.:|]. add LSB to ADRESL)

{ COMVEYOR1l = formula*

CONVEYORZ = HEIGHT = RESULT X VREF

CHVETORS = CI; RESOLUTION X SENSOR SCALE FACTOR

}

{COCHVEYCRL = 0; VREF(-)=0V

COMVEYCRZ = 1; SENSOR SCALE FACTOR = 9.766 mV/cm

CONVEYOR3 = 0: So, SENSOR SCALE FACTOR= 0.009766 mV/cm

} using Channel ANO

A/D conversion results format: Left justified

) A/D Conversion Clock FOSC/16
1F(HEIGHT > 20) 12 TAD acquisition time

{COHVEYCELl = 0 Resolution = 10 bits =2A10=1024
COHNVEYORZ = 0;
CONVEYOR3 = 1;

}

If statements for 3 conditions
of HEIGHT




6. REGISTER

! ADCONO= 0b00000001;

REGISTER 17-1: ADCONO: A/D CONTROL REGISTER 0

U-0 RAW-0 RIW-0 RAW-0 RW-0 R/W-0 RMW-0 RMW-0
— | CHS<4:0> GO/DONE ADON
bit 7 bit O
Legend:
R = Readable bit W = Witable bit U = Unimplamented bit, read as ‘0’
=n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-2 CHS<4:0>: Analog Channel Select bits
00000 = AND
00001 = AN1
00010 = ANZ
00011 = AN3
00100 = AN4
bit 1 GO/DONE: A/D Conversion Status bit

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automnatically cleared by hardware when the A/D conversion has completed.
q o = A/D conversion completed/not in progress

bit O ADON: ADC Enable bit

—-} 1 = ADC is enabled

0= ADC is disabled and consumes no operating current

Note 1: Awvailable on PIC18(L)F4XK22 devices only.
2:  Allow greater than 15 us acquisition time when measuring the Fixed Voltage Reference.

Q




///L/

6. REGISTER

ADCON1T= 0b00001110;

REGISTER 17-2: ADCON1: A/D CONTROL REGISTER 1

RAW-0 u-0 U-0 u-o R/W-0 RAW-0 RW-0 R/W-0
TRIGSEL | — | — | — | PVCFG<1:0> NVCFG<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit Ul = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0" = Bit is cleared ¥ = Bit is unknown
bit 7 TRIGSEL: Special Trigger Select bit Additinal Function on
1 = Selects the special trigger from CTMU \_ ‘:':F'Ez WJ:IIZ:EB SOBETE ADC
= - pu— . L MO=1=, ME bit to start an
el ) = Selects the special trigger from CCP5 7 Comvarsin f ADCON<D=. ADON = -
bit 6-4 Unimplemented: Read as ‘0’
bit 3-2

PVCFG<1:0>: Positive Voltage Reference Configuration bits

o0 = A/D VREF+ connected to intemal signal, AVDD
01 = A/D VREF+ connected to external pin, VREF+

10 = A/D VREF+ connected to intemal signal, FWVR BUF2

- 117 Reserved (by default, A/D VREF+ connected to internal signal, AVDD)

bit 1-0

NVCFG<1:0>: Megative Voltage Reference Configuration bits

00 = A/D VREF- connected to internal signal, AVss
01 = A/D VREF- connected to extemnal pin, VREF-

el 10 = Reserved (by default, A/D VREF- connected to internal signal, AVss)

11 = Reserved (by default, A/D VREF- connected to internal signal, AVss)

S 23
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6. REGISTER

ADCONZ2= 0b00101101;

REGISTER 17-3: ADCON2: A/D CONTROL REGISTER 2

RAW-0 u-o RW-0 RAW-0 RAW-0 R/AW-0 RAW-0 RAN-0
ADFM |  — | ACQT<2:0> | ADCS<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR ‘1" = Bit is set ‘0" = Bitis cleared *® = Bit is unknown
bit 7 ADFM: A/D Conversion Result Format Select bit

bit &
bit 5-3

bit 2-0

1 = Right justified
0 = Left justified

Unimplemented: Read as ‘0’

ACQT<2:0>: A/D Acquisition time select bits. Acquisition time is the duration that the A/D charge
holding capacitor remains connected to A/D channel from the instant the GO/DOME bit is set until
conversions begins.
ooo = of"
001 =2TaD
010 =4 TaDp
011 =6 TaD
100 =8 TaDp
el 01 = 12 TAD
110 =16 TaD
111 = 20 TaD
ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8
010 = Fosc/32

011 = Frel? (clock derived from a dedicated internal oscillator = 600 kHz nominal)
100 = Foscld

e 101 = Fosc/16

110 = Fosc/64
111 = Fre™ (clock derived from a dedicated internal oscillator = 600 kHz nominal)

Note 1: When the A/D clock source is selected as FRC then the start of conversion is delayed by one instruction

cycle after the GO/DOME bit is set to allow the SLEEF instruction to be executed.

———



/. ENHANCE

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

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.

e With the information as in the specification below, design the
appropriate system.

e Build the complete program & circuit of the control system.

degree Celcius output
SPECIFICATION:
0-20 fan 1on
VREF(+)=Fixed voltage references (4.096V)
VREF(-)=0V
SENSOR SCALE FACTOR = 10.0 mV/ degree Celcius 2]1-35 fan1& 2 on
using Channel AN2
A/D conversion results format: Right justified
fan 1,2
A/D Conversion Clock FOSC/16 > 35 an123&
12 TAD acquisition time buzzer on

Resolution = 10 bits
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1.PROBLEM

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 Timer0O Interrupt as a counter, Use a C language to write
program to perform.

Lazal Gariral Fan Conveyer motor moving

Tolz I'.II:I|::I.$| L] |

Sangor .
mm - Sensor count 10 objects

iy =irlr=" L

Conveyer motor stop

Q

onveyor Bol

Switch on buzzer




2.CIRCUIT DESIGN

MAIN COMPONENT

PIC 18F45K22

Active push button (sensor)

Animated DC Motor

Active buzzer

Transistor (2ZN2222)

5V relay

1K Ohm resistor

]
7]
7]
]
A
]
]

30



5. CIRCUIT DESIGN

+5v +12v

BUZ2
BUZZER
l RL2
5V
Q2
2N2222
RO U1
1k —£— RADICT2INO/AND RCO/P2BT3CKITIGTICKISOSCO
—2— RA1/CIZINI-ANT RC1/P2AICCP2ISOSCI [—2
—2—{ RAJ/CIIN+/AN2IDACOUTIVREF-RC2ICTPLS/PIACCP1TSCKI/AN1A [T L L
—2—| RAU/CTIN+AN3VREF+ RCHSCK1/SCLI/AN1S [—52 - -
2 RA4/CTOUT/SRQITOCK] RCA/SDIT/SDATAN1E [—5=
75— RAS/C20UT/SRNQ/SSTHLYDINANS RCSISDOANTT [—52
® 53— RAGICLKOI0SC2 RCB/TX1/CK1/AN1S [—52 Sy -1
[IO 12 ) pazicLkioscl RCTIRX1/DT1/aN19 |22 A
5 . RDOISCK2ISCL2IAN20 [—2
22— RBOINTOFLTO/SRIAN12 RD1/CCP4/SDI/SDA2IANZ1 [—55
22 RBUINT1/CI2IN3-1AN10 RD2/P2B/AN22 |51
22— RB/INT2/CTED/ANS RD3/P2C/SSI/AN23 [—52
22— RBU/CTED2IP2AICCP2IC12INZ-/ANG RD4/P2D/SDO2/AN24 |—5%
— 2L RBAIOCOT5GIANTT RD5/P1BIAN25 [—52
B 22 RBSIOCPIACCPATICKITIGIANTS  RDOIPIC/ITX2ICK2/ANS |53
22— RBAIOC2PGC RD7/P1D/RX2/DT2ANZT
40 ) ReTNOCIPGD
RED/P3A/CCP3ANS @ RL3
RE1/P3B/ANG §osv
RE2/CCPS/ANT
MCLRIVPPIRE3
FICTBFd6KID
Q3
2N2222
+5V +35V

DID 11% -7
YOU 3

KNOW PIC +——OFIC




4 CONFIGURATION

Based on the given problem, we can summarize as in the following table.

Input/Output
Component Reading Input Writing Output P .p
declaration
Push button PORTAbits.RA4 - TRISAbits. TRISA4
(sensor)
DCM
C Motor _ LATDbits.LATD7 = TRISDbits.TRISD7
(conveyer)
B
uzzer i LATCbits.LATCO | TRISCbits.TRISCO
(alarm)
KNOW [1]o/o]o]o]o]o]1]TRISB

(0| PORTB a
|

| LATB
|

0
| |
X 0
g | N N N N [
- sv ¢ - Input
J - Output
aF X - Don't Care

32



5. PROGRAMMING

|
1
H

#include <xc.h>
#$define BUZZER LATCbhbits.LATCO
$define MOTOR LATDbits.LATDT

Define variable name

void main (void)

i RA4/TOCKT is counter sensor - input
TRISAbits.TRISA4=1; RCO connected to buzzer - output
TRISChits.TRISCO=0; RD7 connected to motor - output

TRISDbits.TRISD7=0;
TMROON, TO8BIT, TOCS, TOSE & PSA all set to 1

il Lo Refer to TOCON register for details
TMROL = OxF&;
TMROH = 0O: 8 bit counter =256. Therefore 256-10=246
(246)10 = (F6)16
BUZZER = 0;
MOTOR = 1: Initial output condition
while (1)
{ Check if interrupt occur
{
BUZZER = 1; "
Output condition after 10 counts
IOTCR = 0;
TOCONbits.TMROCH=0; ,
INTCONbits.TMROIF=0; stop Timer 0.
Clear Timer O Interrupt flag.
}
}




6. REGISTER

.

Timer0 control register TOCON

[ Tocs J[ TosE | PSA [ Topsz | ToPsi | ToPso |

TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
o = Increment on low-to-high transition on TOCKI pin

TMRBOON: Timerd On/Off Centrol bit
1 = Enables Timero
o = Stops Timer0

TOCS: Timer0 Clock Source Select bit
TO8BIT. TimerQ 8-Bit/16-Bit Control bit 1 = Transition on TOCKI pin
1 = Timer0 is configured as an 8-hit timer/counter o = Internal instruction cycle clock (CLKO)
o = Timer0 is configured as a 16-bit timer/counter

_—*

S

INTCON register

GIE I PEIE |TMROIE || INTE 10CIE

TMROIF INTF 10CIF

GtE L TimerO0 Interrupt Flag
1= TMRO has overflowed
(E'l‘oall):allelnterrupt 0= TMRO did not overflowed
1= Unmasked TMRO
. all interrupts Interrupt Enable
0= Disable all

1= TMRO interrupt enabled

interrupts 0= TMRO interrupt disabled

T ——




/. ENHANCE

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

e A counter sensor will be connected to Pin RA4

e Conveyer motor will be connected to Pin RC5

e Buzzer will be connected to Pin RB3

e Motor will stop moving and buzzer will be switch on when the
counter sensor count to 20 bottles fall into the box.

e Use a 16 bit counter system without prescaler.

Rebuild the complete program of the control system.
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1.PROBLEM

STATEMENT

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.

During daylight At night

Hello Hello




2. CIRCUIT DESIGN

A

v/ PIC 18 F45K22
yf LDR Sensor
V[ 1 LED Red
V[ 1 LED Green

/ V] 2 Resistor




2. CIRCUITDESIGN

i 10K

[ N
2] RALCIZINDIAND RCIPIEITICKNTIGT1CKISOSCO |2
+ RANCIZINIIANT RC1PZAICCP2B0SCI —ﬁ- oj_
- | RAZICHNHANZDACOUTVREF. RCHCTRLSIPIACCE 14 |10
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5. CIRCUIT DESIGN

Sensor detect light or no
light

if sensor detect NO light,
LED RED will blinking

otherwise , LED GREEN
will blinking




5.UNDERSTAND

1l.sensor check the
light condition
2.if sensor detect
NO light,

ne | J\j
_)[ LED RED OFF

Light

Sensor==0 LED GREEN ON

light

LED RED ON
LED GREEN OFF

3.if sensor detect
YES




4. CONFIGURE

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

Declare LED as Output
TRISD=0;

We can configure 'TRIS' either using Byte

DID or Bit Addressable format
YOU
KNOW Using Byte Addressable

\ TRISC=0xFF

If Using Bit Addressable

™ TRISCbits.TRISC3=1 ;

—
—



5. PROGRAMMING

C LANGUAGE

#include <xc.h>

fd=fine _ XTAL &4000000L

$define LED GREEN LATDbits.LATDO
$define LED EED LATDbits.LATD1
$define LIGHT SENSCR PORTCbits.RC3

vold main (woid)

{
TRISCkits.TRISC3=1;
TRISD=0X00: — Declare each PORT as
LATD=0; INPUT/OUTPUT.

while (1}

{

. — Check Sensor Status :
if (LIGHT SENSOR==0)

{

LED_GREEN=0; \

LED RED=1; LED RED TURN ON
LED GREEN TURN OFF

LED GREEN=1;
LED RED=0;

4 LED RED TURN OFF

; LED GREEN TURN ON

return;




/7. ENHANCE

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

e A counter sensor will be connected to Pin RA4

e Conveyer motor will be connected to Pin RC5

e Buzzer will be connected to Pin RB3

e Motor will stop moving and buzzer will be switch on when the
counter sensor count to 20 bottles fall into the box.

e Use a 16 bit counter system without prescaler.

Rebuild the complete program of the control system.




NOTE
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One step at a
time. You'll get
there.
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PROBLEM

A security door is attached to a sensor switch
(active LOW) which is connected to INTO 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.

pO \1

yOUR WAY

50



DESIGN CIRCUIT

INPUT/OUTPUT
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PROGRAMMING

$include <xc.h>
#define XTAL FREQ 20000000

void main(void)

{ Check your datasheet to

IRISB = 0b00001111; configure the INTERRUPT

INTCON2bits.INTEDGO = 0;
INTCONbits.INTOE = 1;
INTCONbits.INTOF = 0;
INTCONbits.GIE = 1;

while (1)
{

this is how we code
INTERRUPT

void interrupt ISR({()
{ check if INTO occurs

if (INTCONbits.INTOF ==1) N
{
LATBbits.LATES =1;

__delay ms(15):

LATBbits.LATEBS =0;

__delay ms(15); reset |F, set IF to O
LATBbits.LATBS =1;

__delay ms(15):

LATBbits.LATES =0;

__delay ms(15);

INTCONbits.INTOF = 0;




"Stop making plans,

go ahead."
Bob Sadino
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PROBLEM

JV Company Sdn Bhd has been assigned by Maijlis
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.




CONFIGURATION

° \aput Device

traffic light, pedestriah"light 7
& buzzer B
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DESIGN CIRCUIT
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PROGRAMMING

C LANGUAGE

#include <xc.h>
] Zdefine _XTAL_FREQ 64000000L
Zdefine BZ LAIDbits.LATDO
Zdefine LED_G_CAR LATDbits.LATDI1 Define simple name
#define LED_Y_CAR LATDbits.LATD2 to all output pin
Zdefine LED_R_CAR LATDbits.LAID3
Zdefine LED_G_P LATDbits.LATD4
Zdefine LED_R P LATDbits.LAIDS

e i
o Ol e W 1D e D WD

void main(void)

oo

-
w e =i

//Your program start here
TRISDbits. TRISDO = 0;

TRISDbits. IRISD1 =
TRISDbits. TRISDZ =
TRISDbits. IRISD3 =
TRISDbits. TRISD4 =
TRISDbits. TRISDS =
TRISBbits. TRISEL =
INTCONbits.GIE = 1;

You also can use byte addressable format.

_— TRISD=0

=

o
- o O O O O

[=4]

Commm—— 1

</>

\

Aa
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INTCON3bits. INT1IE
INTICON3bits. INT1IF
INICONZbits. INTEDGL = 0;

while (1)
{
LED_G_CAR =
LED_Y CAR = 0;
ED_R CAR = 0;
EDGP=20
LED_R_F 1
}

static void interrupt ISR (void)

INTCONS is set based
on design requirements

Initial condition if
no intterupt occur.

Interrupt occur,

S / 'crossing lane' button is pressed
if (INTCON3bits. INT1IF == 1)
{
for{int flash_count = 0; flash_count <1; flash_count ++)
{
for(int count=0: count<l15: count++)
LED_G_CAR = 0:
LED_Y CAR = 1;
Lin k=0 > The Yellow LED is ON, signaling for the car to stop.
LED G_P = 0: while Red LED (pedestrian) is still OFF.
LED R P = 1;
__delay_ms (50):
for(int count=0; count<10:; count++)
LED G_CAR = 0:
LED_Y_CAR = 0; The Red LED is ON for the car to stop
LED_ R CAR = 1: .
e T > and pedestrians to cross.
LEDRP = 0: The buzzer is also turned ON for 10 counts
Bl = 1;
delay_ms (200) :
for(int count=0; count<10: count++)
LED G_CAR = 1:
LED_Y_CAR = 0; After 10 counts, Green LED &
LED_R_CER = §; pedestrian Buzzer is OFF.
LED G_ P = 0; J 1 1
— The car's Green LED will be turned ON
5= 0- for traffic to return to normal.pin
}
INTCON3bits. INTLIF = 0;
}
L)
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