PSZ 19:16 (Pind. 1/07)

UNIVERSITI TEKNOLOGI MALAYSIA

DECLARATION OF THESIS / UNDERGRADUATE PROJECT PAPER AND COPYRIGHT

Author's fullname :  SUHAILA BINTI MOHD NAJIB
Date of birth : 12t MAY 1988

Title : MICROCONTROLLER BASED REMOTE LOCATOR USING

RADIO FREQUENCY SIGNAL

Academic Session : _2009/2010

| declare that this thesis is classified as :

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

RESTRICTED (Contains restricted information as specified by the
organisation where research was done)*

OPEN ACCESS | agree that my thesis to be published as online open access
(full text)

| acknowledged that Universiti Teknologi Malaysia reserves the right as follows :

. The thesis is the property of Universiti Teknologi Malaysia.

. The Library of Universiti Teknologi Malaysia has the right to make copies for the purpose
of research only.

. The Library has the right to make copies of the thesis for academic exchange.

L7 SIGNATURE SIGNtTURE OFSUPERVISOR

880512-13-5194 EN.KAMAL BIN KHALIL
(NEW IC NO. /PASSPORT NO.) NAME OF SUPERVISOR

Date : 30t April 2010 Date : April 2010

NOTES : ¥ If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organisation with period and reasons for confidentiality or restriction.



“] hereby declare that I have read this thesis and in my opinion this thesis is

sufficient in terms of scope and quality for the award of the degree of Bachelor of

Engineering (Computer)”

Signature

Name : EN.KAMAL BIN KHALIL

Date : APRIL 2010



MICROCONTROLLER BASED REMOTE LOCATOR USING RADIO
FREQUENCY SIGNAL

SUHAILA BINTI MOHD NAJIB

THIS THESIS IS SUBMITTED IN PART FULFILLMENT OF THE
REQUIREMENT FOR THE DEGREE BACHELOR OF ENGINEERING
(COMPUTER)

FACULTY OF ELECTRICAL ENGINEERING

UNIVERSITI TEKNOLOGI MALAYSIA

APRIL 2010



I declare that this thesis entitled “Microcontroller Based Remote Locater Using
Radio Frequency Signal” is the result of my own research
except as cited in the references. The thesis has not been accepted for any degree and
is not concurrently submitted in candidature of any other degree.

Signature  : ﬂ/;y ‘

Name . SUHAILA BINTI MOHD NAJIB
Date : 30" APRIL 2010




Special dedication to my beloved parents:-
Hj. Mohd Najib Bin Abd Majid and Hjh. Mariah Bt Abd Kadir

for their advice and concern

Brother and sisters:-

Mohd Noor Halimy Bin Mohd Najib
Mohd Noor Ideal Bin Mohd Najib
Anis Binti Ismail
Suhana Bt Mohd Najib
Surizza Bt Mohd Najib
Sofya Suraya Bt Mohd Najib

for their support

Thank you to my best friend:-
Mohd Asrul Azri Bin Husaini

for their guides and inspiration



ACKNOWLEDGEMENT

Alhamdulillah, all praise and gratitude to Allah S.W.T for giving me strength to
finish my Final Year Project and a good health for the last two semesters. Without

blessed from Him, I would not have been able to be at this stage.

I would like to express my appreciation to my supervisor, En. Kamal Bin
Khalil for his valuable guidance, suggestion and full support in all aspect during my
Final Year Project.

My deepest appreciation, thanks and love goes to my family members who

have always been very supportive and willing to share all my joy and pain.

Appreciation is further extended to all my friends for their support and ideas.

Finally, my heartfelt appreciation goes to all, who have directly or indirectly

helped me in completing my thesis.



ABSTRACT

This thesis describes the system for finding lost object. It is briefly explains
the remote locater which will operates in the radio frequency range. In this project,
Radio Frequency range used is 315MHz. At this frequency, the operating distance
can be up to 100 meters. The operating distance is really depends on the supply
voltage and the antenna. This project will be covered both software and hardware.
Hardware is implemented using microcontrollers manufactured by Microchip.
Algorithm code for both transmitter and receivers were done using MPLAB IDE
Assembler. Circuit schematic is designed and verified using ExpressSCH. This

remote locater will be a great gadget as it will save users' precious time.
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ABSTRAK

Tesis ini menerangkan tentang satu sistem untuk mencari barang yang hilang.
Secara ringkas, ia menjelaskan tentang pengesan objek yang akan beroperasi pada
julat frekuensi radio. Dalam projek ini, frekuensi radio yang digunakan adalah
315MHz. Pada frekuensi ini, jarak operasi boleh mencapai sehingga 100 meter. Jarak
operasi sangat bergantung pada bekalan voltan dan antena. Projek ini akan meliputi
kedua-dua perkakas dan perisian. Perkakasan dilaksanakan dengan menggunakan
mikropengawal yang dihasilkan oleh Microchip. Kod algoritma untuk kedua-dua
pemancar dan penerima dilakukan menggunakan IDE MPLAB Assembler. Litar
skematik dirancang dan disahkan menggunakan ExpressSCH. Pengesan objek ini

akan menjadi alat yang terbaik kerana ia akan menjimatkan masa berharga pengguna.
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CHAPTER 1

INTRODUCTION

1.1  Background

Time is now become more precious. Finding the missing item sometimes
make our life miserable. In Malaysia, there is no such thing to locate the missing
objects such as keys, remote control and etc. Therefore, the focus of this project is to

build up a remote locater using radio frequency signal as a medium of transmission.

In this project, | will use two microcontrollers which are PIC16F877A and
PIC16F876A because two parts needed to be developed. These two parts are Control
unit and Remote unit which are the special name for transmitter board and receiver
board respectively. These PIC’s had been chosen because the architecture is easy to
understand, have a relation with the project and different input output needed for

different part.



This project will be divided into two parts which are control unit and base
unit. In control unit, it will contain a transmitter while in remote unit, it will contain a
receiver. The base unit will send the address using radio frequency signal and it will
be received by remote unit. Audible sound and LED will be generated and blinking

respectively.

1.2 Objectives

Generally, the main objective is to develop a communication between two
microcontrollers using radio frequency signal in order to help the people to have a
easier way of life. In Malaysia, there are no remote locaters that are already
manufactured by any industries. This is the reason, why this project is being
developed. The user just need to push a button and the missing item will be located.

This product will benefit the people who have multiple items in their home
such as keys, remote control, spectacles, walking sticks and mobile phone. People

will no longer have to spend their times in searching their missing items.

The target users are people at the range of 10 year and above. They can users
can easily used this remote locater easily because it is user-friendly and light. Other
that, the cost for this remote locater is cheaper compared to the international

products.
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Scope of Work

This project separated into two parts which are hardware and software design.
Microcontroller will be used as a behavior controller for this project. In this
project PIC16F877A and PIC16F876A will be used for transmitter and

receiver respectively.

In the hardware design, the board can be divided into two parts which
are Control Unit and Remote Unit. Another major component is Radio
Frequency Module manufactured by the Cytron Technologies. The
frequency for this RF module has been chosen to be 315MHz.

For the preliminary design, both Control unit and Remote unit will be

implemented on the breadboard.



1.4 Chapter Overview

The following chapter will be discussed about the design specification,
overview of hardware and software and project implementation. Chapter 2 and
Chapter 3 will be discussed about the hardware and software overview respectively.
For Chapter 4, the project implementation will be further discussed using the
hardware and software that has been discussed in Chapter 2 and Chapter 3. On this
chapter, further discussion will be made on how the system is being developed.
Chapter 5 will show the result for the overall project. In addition, Chapter 6 is the
conclusion of the project and the possible further improvement for the project.



CHAPTER 2

HARDWARE OVERVIEW

2.1 Introduction

Embedded systems which are referred to the concept of microcontroller
require running an application. Microcontroller with the integration of the input
output device makes the embedded system more valuable. Input device means any
hardware component that allows users to enter data and instructions into a computer.
Besides, the output device is any hardware component that can display information
to a user. Examples of input devices are keypad, push buttons and sensors. While

LED, LCD, LCD and buzzer are the examples of the output devices.


http://www.wong-sir.com/cit/information_processing/output_devices.htm

2.2 Microcontroller

2.2.1 Introduction

Microcontroller is an embedded system. Embedded system is one computer
system on a single-circuit designed to perform one or few functions ™ 1. Some
input output devices can be attached to the microcontroller such as sensor, motor,
LCD, keypad, solenoid, push buttons and etc. This project used PIC’s family will be
used. PIC stands for Peripheral Interface Controller. PIC is a family of Harvard
architecture microcontrollers manufactured by Microchip Technology ¥!. Nowadays,
PIC is the advanced version of PIC1640. This microcontroller have inbuilt 8K bytes
of flash ROM, 368 bytes of RAM, 256 bytes of EEPROM data memory and 15

vectored interruptst®.

In this project, PIC16F876A and PIC16F877A will be used for receivers and
transmitter respectively. PIC16F876A and PIC16F877A is the modern version of
PIC16F876 and PIC16F877. These types of PIC is useful because it only can update
the bootloaders and program code from a serial port without removing PIC from the

circuitand put it in the programmer®’.



2.2.2 PIC16F876A

2.2.2.1 Pin description

Table 2.1, Table 2.2 and Table 2.3 are the function of PORTA, PORTB and
PORTC respectively. PORT is the pin where the input and output device will be
attached. Figure 2.1 shows the pin diagram for PIC16F876A.

MCLRN=pTHY—[]°1 e 28]] - RB7/3D
manano — [ 2 27[] = Ra8PGC
ratant=—[] 2 = 28] =—Ras

RA2/AN2/Vaz=-+—[] 4 ~ 25[] =— R34

RA3AN3NVRes+ =[] 5 -4 24]] = R32PGM

Ra4iTocK =[] & o 2a[] = Ra32
RASIANGSS =[] 7 o 22[] = R31
vae—L] 2 © 21[] =— RBOINT
osciiclkKiN—=[] 2 O 200 =— Voo
oscaicLkouT «—[] 10 a 12]] =— Vas
RCOT10SOM1CKI =[] 11 18] =— RCT/RXDT
RCUT10SKCCR2 =[] 12 17]] =—= RCB/TXICK
Rc2iccP1=—[]12 18] =— RC5/S0O
RCascK/scL =—[]14 15]] =— RC4/SDIISDA

Figure 2.1: Pin diagram for PIC16F876A



Table 2.1: PORTA Function

Name Bit | Buffer Function
RAO/ANO bitO | TTL Input/output or analog input.
RA1/AN1 bitl | TTL Input/output or analog input.
RA2/AN2 bit2 | TTL Input/output or analog input.
RA3/AN3/VREF | bit3 | TTL Input/output or analog input or VREF.
) Input/output or external clock input for TimerO.
RA4/TOCKI bit4 ST _ _
Output is open drain type.
) Input/output or slave select input for synchronous
RA5/SS/AN4 bit5 ST

serial port or analog input.

Legend: TTL: TTL input

ST: Schmitt Trigger




Table 2.2: PORTB Function

Name | Bit | Buffer Function
_ TTL/ | Input/output pin or external interrupt input. Internal
RBO | bit0
ST | software programmable weak pull-up.
_ Input/output pin. Internal software programmable weak
RB1 | bitl | TTL
pull-up.
_ Input/output pin. Internal software programmable weak
RB2 bit2 | TTL
pull-up.
RB3/ Input/output pin or programming pin in LVP mode.
bit3 | TTL P PELP Prog P
PGMg) Internal software programmable weak pull-up.
Input/output pin (with interrupt-on-change). Internal
RB4 bit4 | TTL P putpin P 9e)
software programmable weak pull-up.
Input/output pin (with interrupt-on-change). Internal
RB5 |bit5| TTL P putpin ( P %)
software programmable weak pull-up.
Input/output pin (with interrupt-on-change) or In-Circuit
RB6/ ) TTL/ P P .p ( P 9e)
bit6 Debugger pin. Internal software programmable weak pull-
PGC ST ] _
up. Serial programming clock.
Input/output pin (with interrupt-on-change) or In-Circuit
RB7/ ) TTL/ P P -p ( P g°)
bit7 Debugger pin. Internal software programmable weak pull-
PGD STe)

up. Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input

Note:

1. This buffer is a Schmitt Trigger input when configured as the external interrupt.

2. This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3. Low Voltage ICSP Programming (LVP) is enabled by default, which disables the
RB3 1/0 function. LVVP must be disabled to enable RB3 as an 1/O pin and allow

maximum compatibility to the other 28-pin and 40-pin mid-range devices.
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Table 2.3: PORTC Function

Name Bit | Buffer Type Function
RCO/ bitO | ST Input/output port pin or Timerl oscillator
T10S0/ output/Timerl clock input.
T1CKI
RC1/ bitl | ST Input/output port pin or Timerl oscillator input or
T10Sl/ Capture2 input/Compare2 output/PWM2 output.
CCP2
RC2/ bit2 | ST Input/output port pin or Capturel input/Comparel
CCP1 output/PWM1 output.
RC3/ bit3 | ST RC3 can also be the synchronous serial clock for both
SCK/SCL SPI and 12C modes.
RC4/ bit4 | ST RC4 can also be the SPI Data In (SPI mode) or data
SDI/SDA I/0 (1°C mode).
RC5/ bit5 | ST Input/output port pin or Synchronous Serial Port data
SDO output.
RC6/ bit6 | ST Input/output port pin or USART Asynchronous
TX/CK Transmit or Synchronous Clock.
RC7/ bit7 | ST Input/output port pin or USART Asynchronous
RX/DT Receive or Synchronous Data.

Legend: ST = Schmitt Trigger input




2.2.3 PIC16F877A

2.2.3.1 Pin description
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Table 2.4 and Table 2.5 show the function of PORTD and PORTE while the

other PORTSs are the same with the PIC16F876A. Because of this advantage, it is

used as the controller at the Control Unit. Figure 2.2 shows the pin diagram for

PIC16F877A.

MCLR/Y PR/ THY
R0 /MO

Rt /a1

Ris2 /N2 /Y REF-
Ris3 /N3 /V REF+
R/ TOCK T
RAG /4N4/3S

RED RO/ 4NS
RE1/WR/4NE

RE2 TS/ 4M7

Yoo

Y35

03C1/CLEIN
0362 /CLKDUT
RCO/T10S0/TICK T
RC1/TI0SI/COR2
RC2/CCP1

RC3 /20K /S0L
RDO/PSPO

RO /PSP

—= 1 U 40 []+—» RE7/FCD
]2 2 []+—» REG/FGC
— ]z % []~—» FES
—e[4 a1 []=— RB4
—r 5 3 []-+—» RE3/FGH
pa—— ¥ % []+—= B2
a7 # []+—= FE1
-— 3 3 [ =—= RBOSINT
~— 3 = %2 [d=-— Yoo
L]

-—n > 3 [J=— Vas
—=[n o 2 []=—= RO7/PSFT
—=[u E 2 []+— RDE/PIPR
—[n 2 []+— RD5/PSPS
~— % 27 []+—» RD4/P5P4
i 2 []+— RCT/READT
[ 73 [ +— RCE/THSTK
~—= 1§ 24 []+— RC5/300
—i 23 [ =—= RC4/SDI/EDA
-1 72 []=—» RDS/PEFS
-~ 21 []~—= RDZ/PEP2

TOP WIEW

Figure 2.2: Pin diagram for PIC16F877A
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Table 2.4: PORTD Function

Name Bit Buffer Type Function
RDO/PSPO | bit0 | ST/TTLq Input/output port pin or parallel slave port bit0
RD1/PSP1 | bitl | ST/TTL Input/output port pin or parallel slave port bit1.
RD2/PSP2 | bit2 | ST/TTL Input/output port pin or parallel slave port bit2.

RD3/PSP3 | bit3 | ST/TTL Input/output port pin or parallel slave port bit3.

RD4/PSP4 | bit4 | ST/TTLq Input/output port pin or parallel slave port bit4.

RDS5/PSP5 | bits | ST/TTL Input/output port pin or parallel slave port bit5.

RD6/PSP6 | bité | ST/TTLq, Input/output port pin or parallel slave port bit6.

RD7/PSP7 | bit7 | ST/TTLq Input/output port pin or parallel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note
1. Input buffers are Schmitt Triggers when in 1/O mode and TTL buffers when in

Parallel Slave Port mode.

Table 2.5: PORTE Function

Nam | Bit Buffer Function
e Type

REO/ | bit0 | ST/TTL¢y | I/O port pin or read control input in Parallel Slave Port
mode or analog input: (RD)

RD/ 1=1dle

0 = Read operation. Contents of PORTD register are

ANS output to PORTD I/O pins (if chip selected)

RE1/ | bitl | ST/TTL¢y | I/O port pin or write control input in Parallel Slave Port
mode or analog input: (WR)

WR/ 1=Idle

0 = Write operation. Value of PORTD 1/O pins is latched

ANG into PORTD register (if chip selected)

RE2/ | bit2 | ST/TTL | I/O port pin or chip select control input in Parallel Slave
Port mode or analog input:

CS/ cS

1 = Device is not selected

AN7 0 = Device is selected




2.2.4 Clock generator

There are 4 different methods of clocking the PIC microcontrollers. The

13

different options are designed based on different requirement such as cost, speed and

accuracy . Four clock/ oscillator are:

1. RC oscillator (resistor/capacitor)

2. XT oscillator (crystal/ceramic resonator)

3. HS oscillator (high sped crystal/ceramic resonator)

4. LP oscillator (low power crystal)

Table 2.6: Capacitor selection for crystal oscillator !

Osc Type C;:t:ctl.al Cap.cl'\;ange Cap.gzange

LP 32kHz 33pF 33 pF
200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF
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In this project, HS oscillator has been used because the operating frequency
range is up to 20MHz . Figure 2.3 shows the connection of the crystal oscillator
with the two capacitors. Higher capacitors help to assure to increase stability of
oscillator operation and start-up . The use of crystal oscillator is, it will oscillate
at a fixed frequency, with an accuracy around 50ppm (parts per million) ! This will
allow the hardware timer to measure the exact intervals and accurate output signal

will be produced.

33pF
| | rlosct
Ir_1 Y
20MHz &4
HT r osce
v 330F

Figure 2.3: Oscillator connection

2.2.5 Reset switch

Reset acts as a “behavior controller”. Reset is used in order to put the
microcontroller into the known condition. It means reset can prevent the
microcontroller function into undesirable condition. Other than that, reset also can
be used as an interrupt in program execution. In order to bring the microcontroller
into a proper function, reset button must be pushed and it will bring all the registers

into a starting positions.
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+5y

MCLR

push button
O O

Figure 2.4: RESET pin connection

Figure 2.4 shows the connection at MCLR pin. To prevent the MCLR from
bringing logical zero, MCLR must be connected into with resistor to the Vy4q with

range 5kQ-10kQ. This resistor called as a pull up resistor.
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2.2.6 USART configuration

2.2.6.1 Introduction

The PIC microcontroller’s Universal Synchronous Asynchronous Receiver
Transmitter (USART) allows interfacing with serial devices such as RS-232 or
synchronous serial device because PIC will provide the clock or having an external
clock drive rate. The USART module is the best to asynchronous serial data
transmission . USART can be configured asynchronous full-duplex device, as a
synchronous half-duplex master, or as a synchronous half-duplex slave.
Asynchronous mode is used mostly in communication between analog-to-digital and
digital-to-analog for serial EEPROM interfacing.

Five registers is used in USART module which are RCSTA (Receive Status
and Control Register), TXREG (Read/Write Transmit Buffer), RCREG, TXSTA
(Transmit Status and Control Register) and SPBRG (Baud Rate Generator Register).



2.2.6.2 The USART Baud Rate Generator
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The baud rate generator is used in both synchronous and asynchronous mode

in USART. In the clock generator circuit, the SPBRG register is used as a
comparison value for the counter. When the counter is equal to the SPBRG

register’s value, a clock ‘tick” output is made, and the counter is reset.

For asynchronous operation, the data speed can be known by the formula

f
BRGH = 0 (Low Speed) Baud rate = ¢ 4([SPI§SRCG] 1) (2.1)
_ _ fosc
BRGH = 1(High Speed) Baud rate ~ 16([SPBRG]+1) (2.2)

For asynchronous operation, the data speed can be known by the formula

fOSC

BRGH = don’t care Baud rate 4([SPBRG]+1) (2.3)

For baud rate selection, refer to Appendix C
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2.2.6.3 USART Asynchronous mode

In asynchronous mode, standard non return to zero (NRZ) formats is used.
Non return to zero is a binary code which 1’s represented by a positive voltage and

0’s represented by negative voltage with no other neutral or rest condition.

Non-return to zero encoding is commonly used in slow speed
communications interfaces for both synchronous and asynchronous. Figure 2.5
shows the packet of NRZ data which consists of start bit, data and stop bit. If nine

(9) bits are transmitted, parity bit will be included before stop bit.

Figure 2.5: Asynchronous NRZ packet



2.2.6.4 USART Asynchronous Transmitter

bit 7

bit &

bit 5

bit 4

bit 3
bit 2

bit 1

bit O
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R"W-0 RAN-0 RAN-O RAN-0 -0 R"W-0 R-1 Rw-0
CSRC TXG TXEMN SYNC — | BRiGH | TRMT THED

bit 7 bit 0

CSRC: Clock Source Select bit

Asynchronous mode:

Don't care

Synchronous mode:

1 = Master mode (clock generated internally from BRG)

0 = Slave mode (clock from external source)

TX8: B-bit Transmit Enable bit

1 = Selects B-bit ransmission

0 = Selects B-bit transmissicn

TXEN: Transmit Enable bit

1 = Tramsmit enabled

0 = Tramsmit disabled

Mote: SREM/CREN cvermides TXEM in SYHC mode.

SYMNC: USART Mode Select bit

1 = Synchronous made

0 = Asynchronous mode

Unimplemented: Read as '0°

BRGH: High Baud Rate Select bit

Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mede:

Unused in this mode

TRMT: Transmit Shift Register Status bit

1 =TSR empty

0 =TSR full

TX3D: Sth bit of Transmit Diata, can be panty bit

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’

- n = %alue at POR 1" = Bitis set ‘0" = Bitis cleared x = Bit is unknown

Figure 2.6: Bitmap of the TXSTA register
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J: Data Bus

TXREG Register |

__________________________

! Pin Buffer
0 ™ and Control [

Ster ... 1 RCE/TX/CK pin

| TRMT| | SF’EN|

Figure 2.7: USART transmit block diagram

Figure 2.7 shows the block diagram for USART transmitter. The heart of the
transmitter is Transmit (serial) Shift Register (TSR). The TSR obtain the data from
the TXREG. The data is loaded to the TXREG by the software. The TSR will not
start the loading process until the Stop bit has not been transmitted from the previous
load. Once the Stop bit has been transmitted, TSR will be loaded by new data from
TXREG. Once TXREG is empty, flag bit in TXIF is set. TRMT is set when the
TSR register is empty. Transmission is enabled by setting enable bit for TXEN.
Clearing enable bit TXEN during transmission will caused the transmission to be
aborted and will reset the transmitter. As the result, RC6/TX/CK pin will result to

high-impedance.



2.2.6.5 USART Asynchronous Receiver

bit 7

bit &

bit &

bit 4

bit 3

bit 2

bit O
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RAW-0 RAW-0 RAW-0 RAN-0 RAw-0 R-0 R-0 R-x
SPEM X8 SREN CREM ADDEM FERR OERR RX8D
bit 7 bit O

SPEMN: Serial Port Enable bit

1 = Serial port enabled (configures RCT/RX/DOT and RCA/TX/CK pins as senal port pins)

0 = Serial port disabled

RX39: 8-bit Receive Enable bit

1 = Selects B-bit reception

0 = Selects 8-bit reception
SREMN: Single Receive Enable bit

Asynchronous mode:
Don't care

Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive

This kit is cleared afier reception is complete.

Synchronous mode - slave:
Dion't care

CREN: Continuous Receive Enable bit

1 = Enables confinucus receive
0 = Disables continuous receive

Synchmnous mode:

1 = Enables confinuous receive until enable bit CREM is cleared (CREMN ovemides SREM)

0 = Disables continuous receive
ADDEMN: Address Detect Enable bit
Asynchronous mode B-bit (RX8 = 1k

1 = Enables address detection, enables interrupt and load of the receive buffer when

RSR=8= is set

0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

FERR: Framing Emor bit

1 = Framing emor (can be updated by reading RCREG register and receive next valid byte)

0= Mo framing error
OERR: Crvermun Emor bit

1 = Cwerrun error (can be cleared by clearing bit CREM)

0 = Mo overrun enor

RX3D: Sth bit of Received Data (can be parity bit, but must be calculated by user firmware )

Legend:
R = Readable bit W = Writable bit
-m = Value at POR 1" =Bitis set

U = Unimplemented bit, read as ‘D’

‘0" = Bit is clearsd

% = Bit is unknown

Figure 2.8: Bitmap of the RCSTA register
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¥64 Baud Rate CLK FERR
! CREN

| Il “m3b T RSRHegister | LSb
fmmmemmemme.———- i ar X

Baud Rate Generator +1|E 7| wewe | 1] 0|START| .
RCT/IRX/DT ¥ T

Pin Buffer Data
—* and Control " Rgcovery
RCREG Reqgist
SPEN egisier FIFO

Interrupt Data Bus

Figure 2.9: USART receiver block diagram

The data will be received by RC7/RX/DT pin and drives the data recovery
block. The data recovery block is actually a high-speed shifter, operating at x16
times the baud rate. Reception is enabled by setting bit CREN. The heart of receiver
is Receiver (Serial) Shift Register (RSR). The data receives by RC7/R/DT pin will be
sampled three times by a majority detect to determine if a high or low level is present
at the RX pin. After sampling the Stop bit, the data in the RSR will be transferred to
the RCREG register. The RCIF will be set if the transfer is finished. Flag RCIF is a
read-only bit which is cleared by the hardware. It is cleared after the data in the
RCREG has been read and empty.
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RCREG is a double-buffered register which it can stores two bytes of data
once in atime. After the third byte is received, one byte in the RCREG will be
transferred into RSR register. Flag bit in the Overrun Error bit (OERR) will be set if
RCREG register is still full. Flag bit of OERR can be cleared by the software. This
is done by resetting the flag bit of CREN. After OERR is set, no further data will be

received.

2.3 RF module

2.3.1 Introduction

Radio frequency (RF) transmitters are widely used in radio frequency
communications systems. With the increasing availability of efficient, low cost
electronic modules, mobile communication systems are becoming more and more
widespread. For this project, RF module manufactured by Cytron Technologies is
used. This module comes ready to plug into application and only need simple
interfaces circuits. This project used 315MHz of frequency. According to ISM
band, 315MHz is in licensed free frequency range. ISM band means industrial,
scientific and medical radio bands which it is reserved for international uses of RF

electromagnetic fields in that area other than communication.!**!

This RF module only cost RM15 and RM25 for transmitter and receiver
respectively. I am using ready-made RF module because of the complexity of the

circuit. Since | am just using it, buying from nearby shop is enough.



2.3.2 RF-RX-315

2.3.2.2 Specification

Figure 2.10: 315MHz Receiver Module

This low cost RF Receiver can be used to receive RF signal from any
315MHz transmitter. Super regeneration design ensure sensitive to weak signal.
This other advantages of this module is, easy to integrate and low power

consumption (4mA).
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Table 2.7: RF-RX-315 specification

No Specifications RF Receiver

1 Operating Voltage 5.0V £ 0.5V

2 Operating Current <5.5mA @5.0V

3 Operating Principle Monolithic super heterodyne receiving
4 Modulation OOK/ASK

5 Frequency 315MHz

6 Bandwidth 2MHz

7 Sensitivity -100dBm

8 Rate < 9.6Kbps (315MHz @-95dBm)
9 Data Output TTL

10 Antenna Length 24cm
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2.3.3 RF-TX-315

2.3.3.1 Specification

Figure 2.11: 315MHz Transmitter Module

This RF Transmitter Modules is very small in dimension and has a wide
operating voltage range (3V-12V). The low cost RF Transmitter can be used to
transmit signal up to 100 meters (the antenna design, working environment and
supply voltage will seriously impact the effective distance). It is good for short

distance.
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Table 2.8: RF-TX-315 specification

No Specifications RF Transmitter
1 Operating Voltage 3Vtol12V
2 Operating Current Max <40mA (12V), Min <9mA (3V)
3 Oscillator SAW (Surface Acoustic Wave) oscillator
4 . Frequency 315MHz
5 . Frequency error +150kHz(max)
6 Modulation ASK/OOK
7 Transfer Rate <10Kbps
8 Transmitting power 25mW (315MHz@12V)
9 Antenna Length 24cm
2.4  Speaker

Figure 2.12: Piezo-buzzer, 12vDC

27
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Piezo buzzer is used to indicate where the receiver is. If the address
transmitted by the transmitter is matched with the address in the receiver, a loud

distinctive sound will be produced by this buzzer.

Table 2.9: Piezo-buzzer specification

No Specification Description
1 Supply Voltage 15V

2 Max Supply Voltage DC 20V dc

3 Min Supply Voltage DC 1.5V dc
4 Self Resonant Frequency 2.8kHz

5 Sound Level SPL 96dB

6 Current Consumption 10mA

! External Depth 16mm

8 External Diameter S0mm

o Weight 159
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2.5  Voltage regulator

A voltage regulator is an electrical regulator designed to automatically
maintain a constant voltage level. Since a power supply frequently produces raw
current that would otherwise damage one of the components in the circuit, voltage
regulators is needed in order to regulate input voltage relatively close to a desired

value.

rS

Gnd - ‘\ v

Figure 2.13: Voltage regulator

Figure 2.14: Typical connection



Figure 2.14 shows a connection for 3 terminals voltage regulator. The
voltage range of power supply (Vi) should be between 7V and 15V. Higher input
voltage will produce more heat at the voltage regulator. The purpose of connected

capacitor C1 and C2 is use to stabilize the voltage input and output of the LM7805.

2.6 Liquid Crystal Display (LCD)

FFEFFFFFFRFETFSE
A

Figure 2.15: 2x20 LCD pin

This project will used LCD with 2x20 configurations. It has 16 pins. Table
2.10 shows the function for each pin.
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Table 2.10: LCD Configuration

Pin No. Name Description
1 Vss Power supply (GND)
2 Vcce Power supply (+5V)
3 D7 Data line 7
4 D6 Data line 6
5 D5 Data line 5
6 D4 Data line 4
7 D3 Data line 3
8 D2 Data line 2
9 D1 Data line 1
10 DO Data line 0
11 En Enable signal for row 0 and 1
1 RW 0 = Write to LCD module
1 = Read from LCD module
13 RS 0= Instructi?n input
1 = Data input
14 VEee Contrast adjust
15 Vce Power supply (+5V)
16 Vss Power supply (GND)
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2.7 USB ICSP PIC Programmer

Figure 2.16: USB ICSP PIC Programmer and 8-40 Pin ZIF Socket

UICO0A offers low cost PIC USB programmer yet reliable and user friendly.
It is designed to program popular Flash PIC microcontroller which includes PIC12F,
PIC16F and PIC18F family. It supports on board programming which eliminate the
frustration of plug-in and plug-out of PIC microcontroller. This also allow user to
quickly program and debug the source code while the target PIC is on the

development board.
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CHAPTER 3

SOFTWARE OVERVIEW

3.1 Introduction

In this chapter, program the PIC is a must in order to make the system work
as what had been planned. Program the PIC is another tough task in develop an
embedded system. To program it, we must use assembler software. Assembler
software is software that converts the instructions into a pattern of bits that the PIC
can understand and do its job ™. This pattern bits is called machine language. This
software will also generate many files but one of the important file is .hex file. This
file will be used by PIC to do its job.

To load this .hex file, programmer and emulator are needed. Programmer
function as to a hardware device that configures programmable non-volatile circuits
such as EPROMs, EEPROMs, Flashs, PALs, FPGAs or programmable logic circuits.
Meanwhile, a simulator is a tool that helps the assembler to load the .hex file into the
PIC.


http://en.wikipedia.org/wiki/Hardware
http://en.wikipedia.org/wiki/Electrical_network
http://en.wikipedia.org/wiki/EPROM
http://en.wikipedia.org/wiki/EEPROM
http://en.wikipedia.org/wiki/Flash_Memory
http://en.wikipedia.org/wiki/Programmable_Array_Logic
http://en.wikipedia.org/wiki/Field_Programmable_Gate_Array
http://en.wikipedia.org/wiki/Programmable_logic
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3.2  PIC Language

Language is the source of communication among human beings. Different
countries have different languages. It is similar to the communication happens in the
PIC. Language that is use must be understood by the PIC. There are two major
types of programming languages which are low level languages and high level
languages. Low level languages are further divided into machine language and
assembly language. Examples of high level language are C, C++, MicroC and
Basic. For this project, C language will be used in order to program the PIC.
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3.2.1 Advantages of high level language

High level language enables people to write the programs in their own
understanding. High level language actually is the symbolic language that is use
English words and/or mathematical symbols rather than mnemonic codes. Each
instruction in the high level language will be translated into machine language

instructions. Below are the advantages of using high level language:

e User-friendly

e Similar to English with vocabulary of words and symbols

« Easier to learn.

e Require less time to write.

« Easier to maintain.

e Problem oriented rather than 'machine’ based.

e Program written in a high-level language can be translated into many
machine language and therefore can run on any computer for which there
exists an appropriate translator.

e ltis independent of the machine on which it is used. Programs developed in

high level language can be run on any Computer
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3.3 MPLAB IDE Assembler

Figure 3.1: MPLAB IDE assembler

Assembler is a programming language that is part of the toolset used in
embedded systems programming. It comes with its own distinct set of rules and
techniques. It is essential to adopt and learn IDE (Integrated Development
Environment) when developing programs. MPLAB IDE is an excellent tool for PIC
microcontrollers, both for learners and professionals. In addition, it is easy to get and
free. People can download MPLAB assembler for microchip website which is
www.microchip.com. The main software tools and files created and used by

MPLAB during the development process ") are as Table 3.1.


http://www.microchip.com/
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Table 3.1: Components of MPLAB development system

Files
Software tool Tool function produced or File description
used
Text editor Used to create and m_odlfy .asm/.c Source code text file
source code text file
Generates machine code hex Executable machine
from source code code
reports syntax errors err Error massages
Assembler — .
L List files with source
generates list files Ast .
code and machine code
generate symbol files .cod SymbOI and_debug
information
Allows program to be hex
Simulator tested in software before
downloading .cod
Downloads machine code
Programmer : .hex
to chip
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3.4  Creating and building a project

& MPLAB IDE vB.36 - Untitled Workspace
File Edit View Project Debugger Programmer Tools window Help
Ded tmE | 2AAR
Configuration Bits. ..

Checksum: 0x0fct g  ExternalMemory...
I Memory.

Settings...

(21 Files | * Symbols

PICI6FE77A

Figure 3.2: Select device

Open MPLAB IDE application. Firstly, we need to select the desired PIC by clicking

Configure>Select device>choose your device from the list>Ok.

 MPLAB IDE v8.36 - Untitled Workspace
File Edit View Project Debuager Prd

J 0= W | & W E |@ - Device Family:

| Checksum: 0xofet IC [
FIC1BFE18
FIC1BFE18
FIC1BFE3
FIC1BFEs
PIC1BFasA FLUBRESLICE @ FICKt1
PIC1BFE7 PLAB ICD 2 @ Fickt2
PIC1BFara PLABICD 3 @ Fickit3
FIC1BFETT
FIC1BFET2
FIC1BFAT3
FIC1BFET3A OMPILER @
FIC1BFET4

FICTBFET4A
FIC1BFETE
FIC1BFETEA

Select Device

“Microchip Tool Support

8 Untitled Wor...

PLAB ICD 2 @ PICKit2
PLABICD 3 @ PICKit3

PIC1BFER
PIC16FEE2 MPLAB ICE 4000 ICENCD Headers
iles | “F Symbol:

1 il |72 Symbols E}g:‘lgiggi @ Mo Madule @No Header
PIC16F&EE
FIC16F8E7
FIC1BF313
FIC16FA14
FIC16F316
Potarar H
PIC16FA46

piciera77alFIC16HVS40 2dcc bank 0
A RHVAT v

Figure 3.3: Choose the type of PIC



& MPLAB IDE vB.

| D]
J Checksum|

B Untitled W

23 Files i

36 - Untitled Workspace
Debugger Frogrammer Tools Configure Window  Help
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Newr,
Open...

Close

Set Active Project

CQuickbuild (no asm file)

Fackags in.zp
Clean

Buid Configuration
Buld Options. .

Save Praject
Save Praject A5, .

add Files ta Project...
Add New File b Project ..
Remove File From Project

Select Language Toolsuite. ..
Set Language Tool Locstions. ..
wersion Contral..

FICI6FE774 Wi0 zdcc bank 0

Figure 3.4: Project wizard

Before start typing the program, project wizard must be existed. Firs, click

Project>Project Wizard. One project wizard interface will be pop out. Click

Next>Next. In step two, user requires to select their active toolsuit. As in the project,

C language is used. Hi-Tech Universal Toolsuite is select. Then click Next.

Project Wizard

Step Two:

Select a languags toolsuite

Active Toolsuite:

Location

Toaksuite Contents |B Knudsen Dats CESX
BRI Eiyte: Craft Assembler & © Compiler

HI-TECH Universal ToolSuite

B Knudsen Data CCBE

4R Systems Midrange
Miciochip MPASM Toolsuite

‘ D:\Program FilesAHI-TECH S oftwareAPICCLPROVA B\ bintpice exe

[ [ Browsa.. |

Stare todl lacations n project

Help! My Suite lsnit Listed!

[ Show allinstalled tooksuites

< Back i Next » i Cancel Help

FICIEFE77A Wil zdce bank 0

Figure 3.5: Select active toolsuit



Project Wizard

Step Three:

Cieate a new project, or reconfigure the active project?

(&) Create New Project File

Save Project As

D:\Documents and Settingshasiul\Desktopt FrPcodingiMew Fold Browse.

Savein | 3 coding

o @® &

st

2 2na
wEL]

() additional
() keeypad
Cled

Ileck-coding example ) Ritry
ICled flasher (transmitter-simple
New Folder D2

Siproject )T for led-jadi

[Creceiver-simple
ICRY for led-jadi

File name: |

| [oeen |

Satve 2 type: | MPLAE IDE Project Files [%mep)

v| [ cancel |

Jump to: | D:\Dacuments and Settings‘asniDesktop', v |

PIC1BFE77A

W0 zdec bank 0

Figure 3.6: Create project path

After that, in step three, project path must be selected by clicking Browse. Lastly,

click Next>Finish. To start typing the program, click New. A workspace will be

pop out and writing the coding can be started.

fiew Project Debugger Programmer  Tools  Configure  Window Help

|DSH| i mm SHA®IN P

= [ try.mep
(2 source Files
(1 Header Files
(231 Object Files
(2 Library Files
(23 Gther Files

finclude <hto. he

£

7/ configuratien

s
__CONFIG (0x3F3A);

#Fdefine
#Fdefine
#define
gdefine
gdefine
gdefine
gdefine

(21 Flles | “i¢ Symbols

£

£
ff define
s

buttonm  RAO
buttonz RPAL
button3 PAZ
lcd_data PORTE
rs EDS

rw D&

& ED7

4/ function prototype
I3

PICI6FA774

void uart_send (unsigned char data);
woid InitLCD (void);

woid delay{unsigned long dsta);

void send_char (unsigned char data);
void send_configiunsigned char datal:

Wi zdoc bank0 Lnl, Coll INS  WR

Figure 3.7: Workspace
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v try - MPLAB IDE vB.36 - try.

Fle Edt View Project Debugger Programmer Tooks Configure Window Help

|DFE s mE [ 2Aw AR ?
J Checksum: DxDfct J 'H Do | @@

M try.mew

wvoid send string{const char *s)

= [ orymep {
@

unsigned char i=0;

A . while (s&& *s)
Header Files  Create Subfolder.., send_char {"s++);
Filter... 4

(2 Library Files
23 Other Fles unsigned char read eeprom{unsigned char adrj{
EEADR = adr;

BD=1; f/=et the read bit
returni{EEDATA) ;
y

[ Flles |2 Symboks

PICIEFE7 74

Figure 3.8: Include source file

After finish the writing, click Save as file .c. Before a coding can be build, a source
file must be included. The source file is the file that was saved previously. See the

following figure.

‘s [try - MPLAB IDE vB.36 - try.mcw

File Edit Wew Project Debugger Programmer Tools  Configure  ‘Window
|DEd | smE | SAwAR ?
J Checksum: 0x0fcf Add Files to Project

Look in ‘@NEWFnlder vl Q2
1] Untitled.c

M try.mcw |;||§”:

= 3 try.mep
[ source Files
[0 Header Files
<[] object Files
(22 Library Files
[0 other Files

File: narme; | L Open ]

Files of type: | Source [F.c:".as] Cancel
(21 Flles | ¥ Symbols | [ ]

Jump to; |D “Documents and S ettingshasrulD esktophFYPhcodingMew Falder',

[ Riemember this setting
(&) Auto: Let MPLAB IDE guess

(O User: File(s) were created especially for this project, use relative path
() System: Fil(s] are extemal to project, use absolute path

PIC16FS774 0 zdcc | | bank.0

Figure 3.9: Add file to the project.



Fle Edt View Debugger  Programmer

Tools Configure  Window  Help

Project Wizard...

| D H|
J Checksum g;:n
Close

Set Active Project

ERed HE

Quickbuild (ro s File)

ude <hteo.h-

Package in 2ip
Clean

Rebuild

HI-TECH C Manual
Build Configuration
Euild Optians. ..

Euild F10

onfiguration

FIG (Ox3F3L) :

Chr+F10
Fi1

efine

ne button PAO

ne button? RAL

Save Project
Save Project As...

Add Files to Project. .,
Add New File to Project. .,
FRemave File From Project

ne button3? PAZ
lcd_data PORTE
rs EDS

rw EDE

e ID7

ne
ne
ne
ne

mction pretotype

(22 Files | *2|

Select Language Toalsuite,
Set Language Tool Locations. ..
Version Control...

PIC1AFE77A

uart_send (unsigned char data);
InitLCD iveid)

The coding can be build by clicking Project>Build on the toolbar. The result can be

seen in the Figure 3.11.

M try - MPLAB IDE vB.36

File Edit Yiew Project Debugger Programmer

Figure 3.10: Build the project

Tools Configure Window Help

| D=
J Checksum: Oxaf70

= [ try.mep
=23 Source Files
Untitled.c
- (20 Header Files
[ object Files
-2 Uibrary Files
(22 other Fies

|21 Files Ial: Symbals I

PICLGFE7TA

I IEY T Y L X

| ebus Vet &

Himd @

USING ariver LAFTOgram FIesiHi- | CLM o 0mware - 1L F FUE 6 oyaInpICC. exe

Make: The target "DDocuments and Semngs\asru\\Desklup\FYP‘\cUdmg\New Folc
Executing: "D:\Program FilesiHIF-TECH SoftwarelPICCPROV.ER bintpicc.exe” —Utryn
HI-TECH C PRO for the PICL0-12-16 MCU family (Lite] V3.65
Copyright (C) 1984-2009 HI-TECH SOFTWARE
(1273) Omniscient Code Generation not available in Lite mode |
Menory Summary
Program space
Data space
EEPROM space
Configuration bits
ID Location space

2EEh
12h
Oh
1h
Oh

2000k
170k
100k
1h

4h

words
bytes
bytes
word

bytes

used
used
used
used
used

Running this compiler in PRO mode, with Omniscient Code Gener:
produces code which is typically 52% smaller than in Lite mode
The HI-TECH C FRO compiler output for this code could be 363 +
See http:. microchip hteoft com<portal/pic_pro for more inforn

Loaded D\Documents and SetingsiasruhDeskiopiFyPicodingiNew Folderin.cof.

Build successhull

< i |

zdoc bank 0

Figure 3.11: The build file
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35 PICKIT 2 v2.55 emulator

Figure 3.12: PICKIT2 logo

PICKit 2 is a tool that is used to load .hex file into the microcontroller. PICKit 2 is
manufactured by Microchip Technology. Figure 3.13 shows the interface of PICKkit
2. Itis a user-friendly tool because it is easy to learn it.
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IH PICkit 2 Programmer z
Fle DevieFamily  Programmer Toos  Help o -~ Menu Bar
Midrangs Configurstian
Device: PICTRFES0 Corfiguiabore  OFFF 4—————— Device Configuration
s 02 FF FF FF FF
Checkrum:  FFFF O5CCl BzndGEap
SR fod o] o QQM Status Window
ound and connected. ICROCHIP
FC Device Found.
SENSNRSENGANSNAGRNENI SNASRNENI SNARRNENuENE] WEH ;""m - Progress Bar
h B ;
I Fi=ad ] [ Wiite ] [ Werifp ] I Elaze ] [ Elank Chad ] [0 MCLR F: *_DEWCE VoD
Program Memony
Erabled | Hes Oy [v| Sowrse: [None EmpheE ased] — MEI"I"IDF_\,I' Source
oon AFFF AFFF IFFF aFFF AFFF AFFE IFFF JFFF A
ooz JEFF JFFEF SFFF SFFF SFFE SFFE IFFF IFFF
oLn AFFF AFFE IFFF IFFF JFFF JFFF IFFF IFFF
olg JFFF JFFF JFFF JFFF SFFE SFFE IFFF IFFF
ozn AFFF AFFF IFFF IFFF AFFF AFFF IFFF AFFTF
0za JFFF JFFEF JFFF JFFF 3£¥' SEFE SEFE SEFF PI’Dgram Memﬂw
nan AFFF AFFF aFFF aFFF AFFF AFFF AFFF aFFF
0za JFFF JEFEF SFFF SFFF SFFE SFFE 3FFF 3FFF
n4n AFFF AFFF aFFF aFFF AFFF AFFF AFFF AFFF
0qz JEFF JFFEF SFFF SFFF SFFE SFFE IFFF IFFF
asn AFFE AFFE IFFF IFFE dFFF dFFF AFFTF AFTF
0zg JFFF JFFF JFFF JFFF SFFE SFFE IFFF IFFF ﬂ
EEPROM D ata ko Imperl Hew
[] Erabl=d |HE:" Oriy m + i [evice
00 FF FF FF FF FE EF FF FF FF FF FF FT FF FF FF I'Fl[“ Fead Davice +
Ewpoit Hes File
10 FF FF FF FF FF FF FF FF FF Ff FF FT F& FF FF FI
20 FF FF FF FF FF FF FF FF FF FF FT FF FF FF FF e EEFROM Data MEITIOF,I'
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF|w |P|Cklt 2

Figure 3.13: PICKIT2 interface



"'PICkit 2 Programmer - UICOOA rev1.0

m Device Family  Programmer  Tools  YWiew  Help
| Import Hesx Chrl+I
Export Hex CLrl+E 0 OFOF 0000 O0eS
1 0. .Desktopt FyYPYcoding Roac-bryd Rty bie Chel+1 | E00F 400F
Z D, oding T For led-jaditled_eeprom. hex Chrl+2
30, pFYPcodingd T For led-jadilled. hex Chrl+3
4 0:. . piFYPycodingd R For led-jadilled. hex Chrl+4 @ MlcnncHlp
Exit Tt VDD Target
L [ Check
[ Read ] l Write I l Wity I [ Eraze ] [ Blank Check ] [] #MCLR

Program Memory
Enabled | Hex Only w  Source: Mone [Empty/Erazed)

oooo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooLo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
oozo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
oo3sn FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
oo4n FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
noa0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ao7o FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
oosan FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
000 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
lu)] FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF w

EEPROM Data

Auto Import Hex
Enabled | Hex Only w +"Wiite Device
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Read Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hex File
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF o
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF + PICkit 2

Figure 3.14: Load .hex file

To load the program, we need the .hex file. This file automatically exists after we
build the project. Firstly, click File>Import Hex and then, choose .hex file for the
project. After the .hex file is successfully loaded, click Write>Verify. If the user

wants the previously .hex file to be deleted, click Erase and Blank Check to make

sure that the file in PIC is totally erased.
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3.6 Circuit drawing software

&

Figure 3.15: ExpressSCH

Circuit drawing tool is one of the important tool that is needed to design the
electronic circuit. ExpressSCH is a freeware tool. It is easy to get on the internet.
Other than that, it is easy to learn. The user does not need a long time to learn how to
use it because it is a user-friendly tool.
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CHAPTER 4

PROJECT IMPLEMANTATION

4.1 Introduction

In this chapter, further description is about system development. As stated
earlier, this project consists of two parts, software and hardware. The hardware are
consists of PIC16F87A and PIC16F877A, radio frequency module, LCD and piezo
buzzer. The program for this remote locator is created in C language using MPLAB
IDE.
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4.2 Control unit

REC1 ——»

A 4

PIC16F77A

REC2 —»

A 4

LCD

REC3 ——»

Figure 4.1: Control unit block diagram

Figure 4.1 shows the block diagram for the Control unit. The control unit contains a
PIC16F877A, a transmitter, four push buttons which are RESET button and three

alert buttons for the receiver and also the LCD.
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Device function
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Table 4.1: Hardware description used in Control Unit

No. Hardware Description

When the receiver button is pressed, the
microcontroller in the Control Unit will sent the

1 PIC16F877A desired address to the respective remote unit.
Other than that, PIC16F877A is stored the menu
for the LCD display.

2 RF-RX-315 Transmit the address using radio frequency signal

3 LCD Display the menu item

4 REC1 button Erowde the address for receiver 1 once the button
is pressed.

5 REC2 button Erowde the address for receiver 2 once the button
is pressed.

5 REC3 button Prowde the address for receiver 3 once the button
is pressed.

7 RESET button Reset the program to the starting point.




50

4.3 Remote unit

\L PICI6F76A | —> Eﬂ\"

RX

Y

Figure 4.2: Remote unit block diagram

Figure 4.3 shows the block diagram for the Remote unit. The remote unit contains a
PIC16F876A, a receiver, and a buzzer.
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Device function

Table 4.2: Hardware description used in Remote Unit

No. Hardware Description
This microcontroller will receive the address and
1 PICI6F876A matched them with the existing address.
5 RE-RX-315 Recelved the_address fro_m the Contro_l unit every
time the receiver button in Control unit is pressed
Every time the correct addressed is matched, the
3 Buzzer .
buzzer will produce an alert sound
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4.4 Process flowchart

uart_send() == OXAA
uart_send() == 0xBB

Push

uart_send(00110011) uart_send(11110000)

uart_send(11001100)

Figure 4.3: Process flowchart in Control Unit
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uart_rec()== OxAA

Check next condition|  Keep poling

uart_rec()== 0xBB S

Check next condition

Keep
poling

uart_rec()==0b001100

Buzzer will on

Figure 4.4: Process flowchart in Remote Unit

Figure 4.3 and Figure 4.4 shows the flowchart for overall processes in the
Control Unit and Remote unit. Once the power on, the transmitter will automatically
send the enable signals which are 0XAA and 0xBB. The enable signal will stop
sending the data when the receiver button is being pushed. For example, if REC1 is
being presses, address “00110011” will be transmitted. At the Remote unit, all the
receiver will receives the address and microcontroller will differentiate which
address is matches with them. When the address is matched, the loud distinctive

sound will be produced by the buzzer.



45  Hardware setup

45.1 Power supply
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"N Diode IN140@7 — =——— esy
N { LM?8La3 9 :
11 In Outl a 1aF 1
Com _18.1¢F < 330
Adapter |socket 0. 1uF 2
= 16V 10uEl
T {LED
4
Figure 4.5 Power supply using AC-DC power supply
Diode IN14007  (———
N (| LMPeLas |y BN
+V} B n  Outf !
Com 8. 1uF < 339
e fE
- 16V 18uF |+ <
T LED
Vv

Figure 4.6: Power supply using battery
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Figure 4.5 and Figure 4.6 shows the schematic of the power supply for the
microcontroller. Figure 4.5 is the power supply for Control unit while Figure 4.6 is
the power supply for the Remote unit. The input supply is +9V which is generated
from the battery and the output is +5V. The function of LM7805 is to regulate the
input voltage become +5V. The purpose of using diode 1N14007 is for circuit
protection in case the polarity of the power source is incorrect. Capacitor (0.1uF) is
use to stabilize the voltage input and output of the LM7805.



45.2 PIC interfacing

45.2.1 Interface PIC with RF- TX-315

AtTw

3 1@k
H .
RESET o

A%

33pF I—E_“>_ﬂ_
|

L

+5u

AtSu
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v/ | % LCD %

I
33pF

u 11 |32
WoD Do

RAG-ANE Ree-Tiosa HE- . ava
RAL-ANI ReL-TiosT HE&
RAZ-ANE rea-ccpt HE-
RAT-AN3 reaesck HE-
RA4ATACKL RC4-501L 'aa-
RAS-AN4 Resesno HEL-
REB/INT T  RC&-TX [P2— TR |
RB1 2 RC7/RX =
REB2 m RDESPSPE -Ls-
REI~PCM g ROLAPSPL "EE_
RB4 Ro2-pspa 2L
RBS RD3-PSP3 |22
RB6+PGC RD4-PSP4 2L~
RE?/PGO RDS-PSPS EE—Gre |
OSCIACLKIN  RD&-PSP& Fo—Rpg |
0SC2-CLKOUT  RDZ-PSP? 28— <¢Rpo |
AMOLRAPP RE@-RD 2

REL/WR [——

RE2-CS e

YSS  VS§
12 |3l

Figure 4.7: Control unit schematic diagram

v

NEEEEE

Patential divider |}
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Figure 4.7 shows how the microcontroller is being attached with the transmitter and

other hardware.

4.5.2.2 Interface PIC with RF-RX-315

uttlﬂﬂrﬂ BHTHIEND

+5u
U Teu
yoD O
rB@- [NT FoL- Ant
RB1 o
Rz &1
v RE3POH L
£ Ragsang O RBa 21
—Uparent 3 RES &
—4igaesane 3 RBE/PGC AL
—Raa-ana RE7-PCD FEE-
330F —6lpa4.Tackl  RCA-T10S0 b
| I —Zlgas.ane  RCL-TLOST HE bl
FE:GM: = osCi-cLkIN  Reascopt P
|L,—La— osca/cLkouT  REassex H
SF MCLRAPP  RCasSDL P
s - RCS/5D0 ﬁ
RCA<TH
Re7AR% HE—Gx |
vss  yss
8 19
<

Figure 4.8: Remote unit schematic diagram

3y L

Figure 4.8 shows how the microcontroller is being attached with the receiver and

other hardware.
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4.6 Software function

4.6.1 Function for data transmitting

if (button==0/ 1

{
{

rno=0b00110011 ; 2 fizend the id muamher

led clei):

led gotoil)

send string("RECEIVER 1--= 0ON"):
led gotoiz0)

sehd string(|"Searching ==="];

ohile (button==0)

uart_sendino) ; ficontimious send data

=T mm S S Teeeimde e L p— 3

void uart_send {unsigned char data)
{

while (THIF==0): Fionly send the new data after the previous is sent
THREG=data;

Figure 4.9: Data transmission function

Figure 4.9 shows the function for data transmitting. Refer to this figure, once
the user pressed the REC1, no. will set as address “00110011”. Circle three shows,
while the button is still pushed, the transmitter will always send the data to the
receiver. While the TXIF is equal to zero, the data will be transmitter only when the

previous data already transmitted.
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4.6.2 Function for data receiving

while (1) Fiinfinity loop

{
CREN=1; 1
if (DERR==0

Uart_rec()==0xAl 2

(uart_rec(!==0b00110011) 3
buzzer=1;
elze

buzzer=0;

elge
CREN=0;

unsigned char uart_reciwvoid) Sireceive uart value

{
ungigned char rec_data;

while (RCIF==0) ; Fiwait for data
rec_data = REREG;
return rec_data- Fireturn the receiwved data

Figure 4.10: Data receiving function

Figure 4.10 shows how the data is going to receive. Firstly, CREN will be
equal to one means sat data to be sent continuously. Other than that, OERR
condition also will equal to zero means RCREG still do not full. Secondly, enable
signal will be checked in order to eliminate noise. Thirdly, comparison will be made

to the address. If the receiving address is equal to “00110011”, then the buzzer will
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be on. Otherwise, it will be off. RCIF will be cleared by the software if the data in

RCREG is empty and has been read.

4.6.3 Noise elimination

ff===============s==s====s==s=s====s=ssss=S=ssss=ssSs=s==ss===:
Fi%end enahle signal
L e e e L L L e L e
no=0zxad;
uart_sendino) ;
no=0xEE;

uart_send(no) ;

Figure 4.11: Data receiving function

Figure 4.11 shows the coding for noise elimination. Noise means the
disturbance signal or unwanted signal occur in the system. To eliminate this noise,
the enable signal will be sent by the transmitter continuously. At the receiver part,
microcontroller will detect the address OXAA first and 0xBB for the second address.

If it is in sequence, then the address received will be compared by their address.
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4.7  Preliminary work

Before starts doing the real project, the previous project is doing again. The
purpose is to familiarize how the hardware is being connected. Other than that, |
want to build a program for this design again in the C language. Figure 4.12 shows

the transmitter unit and Figure 4.13 is the receiver part.




Figure 4.12: Transmitter unit

Figure 4.13: Receiver unit

When the user pushed the button, the number will be increased and being
transmits by the transmitter. The correctness can be checked if the number at the

transmitter unit is the same with the number at the receiver part.
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CHAPTER 5

RESULT

51 Introduction

This chapter will be discussed about the results obtained from the project.
There are two types of outcomes which are the hardware and the experiment that has
been done for test its capability.
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5.2 Hardware part
5.2.1 Control unit board

Figure 5.1 shows the main board of this project. The main board consists of
PIC16F877A, voltage regulator, RF-TX-315, voltage regulator, LCD and push
buttons.

K Control L_lnif | @ 1

FES

Figure 5.1: Control unit board



5.2.2 Remote unit board

Figure 5.2 shows the sub board of this project which are the Remote unit.
The figure only shows one of the receiver units. The sub board consists of

PIC16F876A, voltage regulator, RF-RX-315, voltage regulator and piezo buzzer.

Antenna—~

RF-RX-BISN ;

-
"~ >4
€

\ #

&

Figure 5.2: Remote unit board
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5.3  Remote locator capability

Table 5.1: The capability of the remote locator

Condition Outcome
With antenna in closed surrounding 30 meters
With antenna in opened surrounding 43 meters
In the drawer Yes
Below the stairs Yes
2" floor Yes
In other room Yes

Table 5.1 shows the capability of this project. In the open area, the
transmission can be done successfully in the range of 43 meters. While in the closed
area such as in the room or in the house, the buzzer can be detected about 30 meters
in range. In addition, the remote locater also can even respond when it caught

between the sofa, through the wall, under the stairs or in other room.
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CHAPTER 6

CONCLUSION

This thesis has been discussed about the process development of the project
titled “Microcontroller based Remote Locator using Radio Frequency Signal”.
Generally, the main objective stated on Chapter 1 has been achieved. The main
objective of this project is to develop a communication between two microcontrollers
using radio frequency signal. Other than that, this project is also the improvement
from the previous project because this project was using less hardware. In addition,

the weight and the size of this remote locator also light and small.

This chapter also will discussed about the problems occur during the
implementation of this project and the improvement that can be made for this project.
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6.1 Introduction

As a conclusion, the project is successfully implemented using inexpensive
and less hardware used. To sum up the overall project, the main component and their

function are:

v PIC16F877A and PPIC16F876A is work as a main controller which are used
in the both Control unit and Remote unit.

v" RF module is used as a Radio Frequency signal generator to create radio

frequency signal as a medium of transmission.

6.2 Problem occurs

While developing the project, many problems were occurring. One of them
IS noise during transmission. Data transmission which contains a noise will disturb
the process. While the button was not pushed, the buzzer will also produce an
audible sound. This sound is caused by the unwanted signal that was transmitted by
the transmitter. As we know, the transmitter will always send the signal, but it is

receiver job to differentiate which are the actual data that it must receive.
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The other problem occurs during hardware design. A lot of time was spent
during the hardware implementation because there receivers need to be designed plus
with the transmitter. That means, in this project, four board of circuit need to be
developed. In addition, all the circuit was done one by one to make sure it will much

easier to troubleshoot.

6.3  Project improvement

To make this remote locator more precise and user-friendly, RF module can
be changed to RFID. This modification can fit the size and make the overall project
much smaller and lighter. Other than that, when using RFID, much application can

be implemented on the project.

Another improvement is to change the receiver and transmitter to the
transceiver. Many applications can be implemented if the transceiver is being used

such as distance calculation.

Many menus can be added such as the list of items and distance calculation

for the LCD application.
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4.0 ' PORTS EXAMPLE 4-1: IHITIALIZING PORTA
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Some pins for thess W0 ports are mutipleansd with an - R —
amemate function for the peripheral features on e R —— : Initimlize FORTA by
device. In penemal, when A peripheral s =nabled, ot ; clessing cestpus
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PIC16F87XA

TABLE 4-1: PORTA FUNCTIONS

Mama =1} Eufar Funothon

RALMAMD biE O TTL |inputicuiput or anaks) npet.

R 1A b 1 TTL |inpuiicuiput or anaks) npet.

AT A A REF - HET b TTL |inputiceriput or anakeg inpet or VAEF- or CYRE

RALANINREF= bE 32 TTL | inpuiicuriput or analog Inpet or VREF+,

RS TOCEBC1oUT bE4 2T |Inputicutout or exdernal dock inpat for Timerd or comparator outout
Output |5 open-drain fype.

RASANAEECIOUT bE S TTL |inputicariput or analkcg inpat or slave select input Tor synchroncaus sedal
port or comparator sutout

Legend: TTL = TTL lnput, 5T = Schmlt Trigger inpaut

TABLE 4-2: SUMMARY OF REGISTERS AS50CIATED WITH PORTA

Bddrids | Maii BitT =114} Bit 5 Bt 4 B 3 Bit 2 Bit1 Eid

25h PORTA — — RAL S arak] arar] AT ]

25h TRESA, — — PORTA Data Direcdon Regise

SCh CMCON | CROUT | CH1OUT | CHNY | C1NY =53 CREE W CRiI0

&0ih CWROON | CVREHN | CWVROE | CVRR — CWR3 | CWR2Z | CART R

SFh ADCORT | ADFM | ADCES —_ = FCFE3 | PCFE2 | RCRE | PCFGD 1000
Legand: x = unknessn, o= enchanged, - = unimpsermenied losalions resd as "0’ Shaded sl ane nol e by PORTA

Mobe:  When wsing the S3F module In 5P| Slave mode and 55 enabled, the AT converisr must be et 5o one of
the: following modes, whee PCEGIPCFGO - 0100, 0101, 01lx, 1101, 1110, 1111.
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42 PORTE and the TRISE Register

PORTE k5 an S-bit wide, bidirscional porl. The corme-
sponding dats directon reglsier Is TRISE. S=Sng a
TRIZE bE (= 1] wil maks the comresponding PORTHE
pin an imgput {12, put the comresponding owlput driver in
a High-impedance mode). Clearng a TRISE bit (= O]
will make the comesponding PORTE pin an cwrtput (Le.,
put the contents of the output aéch on the seiected pin).

Three pins of PORTE ane muaitipieped wis B In-Clroualt
Detugger amd Low-'ollage Programming funcion:
RBIPGM, RESF3EC and RBTPGD. The aksmake
functions of these pres are described In Seobon 14.0
23peolal Features of the CRU™.

Each of the FORTH pins Fas 3 weak memal pulk-up. &
simgle comtrod bit can B on &l B pui-ups. This s per-
formied by deanng bit REFU {OPTION_REG<T>)L The
weak pul-ap 15 aulormetically bumed off when e port
pin 5 configuresd s an cwlpul. The pul-ups are
disalied on a Power-on Reset.

FIGURE 4-4: BLOCK DIAGRAM OF
RES-RBD FINS
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are SR'ed hogefer o generaie the BE port change
Int=rupt with flag bit REIF [INTCOl= ).
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wser, In the imeErupt Service Routine, can dear the
Interrupt In the Solowing manmer:

al  Any read or wribke of PORTE. This %l =nd the
mismaich condBon.

B} Ci=arfiag bE SEIF

A mismabch condiion wil contnue o set Sag bit REIF.
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alow flag bt RBIF o be cleaned.

The Interupi-on-chamge featlure |s eoommendsd for
waks-up on key depression operation and operaticns
when= FORTE ks only used for the: im=mupt-on-chanpes
f=xture. Poling of PORTHE & not recommended whiks
using the inkerrup-on-champe featun=.

This Infemapl-on-mismaich fealuns, ogefwr wkh sofl-
ware configurabée pull-gps on these Sour pins, alow
=asy mberfaces 1o & keypad and make [t possible for
waks-up on key depression. Refer io the appiication
reoiE, ANEEDZ, Tmplementing Waksup onr Key Srokes
(DS00LEZ).

RELINT Is an exi=rnal infermapt npe pin and Is
configured using e INTEDHG bE (OFTION_REG<8=].
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TABLE 4-3: PORTH FUNCTIONS

Hame= EHRE Buffer Fumotkoin
REQINT =1 3] LT nputioutpet pin or ext=mal Imerupt Input. Intsmal softsare programmakbie
weak pull-up.
RE1 it 1 TTL nputioutpet pin. inie=mal sofhwars program mab e weak pul-up.
RBZ bit 2 TTL nputicutpet pin. ini=mal software programrable weak pul-up.
REaEen | mta TTL nputicutput pin or presgramming pin in LV mode. Inkemal sofsans
programmable weak pol-ip
RE24 Eit 4 TTL nputicutput pin (with nierupi-or-change ). infemal sofware programmabls
weak pul-up.
REE bit & TTL nputioutput pin [with Rierupi-op-change). infemal so%wans programmiabis
weak pull-up.
REBEPEC =] 1 TTLETE] nputioutpet pin fwith ederupi-or-change) or In-circull debugger pin.
mizmel software programmabie weak pul-up. Seral programming cock.
REBTIPGD =1 v TTLETA nputioutput pin fatth elerupl-on-change) or in-cincult debugger pin.
mizmeal softwars programmabbs weak pul-up. Seral programming dats

Legend: TTL=TTL mput, 3T = SchmEt Trigger imput
Mgbs 1: This buffer iz 3 Scihmil Trigger Input when configunsd == e external nferupt.
2:  This buffer |z 3 Schvniit Trigger iInpuf when used in Seral Programming mods: o in-circull debugger
%:  Low-Vollage IC2F Programiming (LYF) ks enabied by defsull which disabies e RE3 100 function. LYP
must b= disabled io mnabls RE3 as an 1O pin and aliow maxiwam compatbilEy bo B other 28-pin and
A0-pin mid-range devioes

TAGLE 4-4: SUMMARY OF REGISTERS A550CIATED WITH PORTEB

Walus on: Value om

Addracs Hame BRT Elt 8 BitE | ER4 | BRE |ERZ | BR1 | BRD . all other
FOR, BOR

Recabe

=h, 106h |FOSETH RET RES RES | AB4 | RE3 | REZ | AB1 | FBO |xXx® X0 ooy uiwou

E5h, 186h [TRISE =ORTE Dala Directon Register
g1h, 184h [oFmon_Res | reru | INTeDG | Toca |Toee | paa | raz | pea | pEo [1211 13111211 1211
Lagsnd: X = unknoen, o= unchanged. Shaded ozis ane mod used oy FORTE.

e T Bl e sinle, Toskesloss b FrCOfel il roma Jil
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431 PORTC and the TRISC Register

PORTE s an S-bit wide, bdirechonal port. The corme-
sponding data direcion reglsier Is TRISE. 3=8ng a
TRIZEC bit (= 1) wil make the oomesponding FORTC
pin an input [l.e., put the coresponding output diver in
a High-impedance mode). Cleadng a TRIBC bit (= O]
will make the comesponding FORTC pin an output (1.&.,
put the conients of the output iatch on the ssiecied pin).

PORTC Is mauitiphewed with several periphieral funcions
(Table 4-5). PORTC pins haye Bchmii Togger nput
buffers

When the FC module s Enakded, 1?1: FORTC<d 3=
pinz can b= configured with rormal PG Ievels, ar with
SMBUs leveis, by using the CKE bE (EEPETAT<E>].

When =nabling peripheral Sancions, care showld be
aken In defining TRIE bils for each PORTE pin. Some
peripherals overide e TRIZ bE o make a pin an
putpet, while other perpherals oeemide the TRIS bitio
make & pin an nput. Ence the TREE DE owemide IS 0
effect while the perphieral |5 enabisd, read-mody-
wrie Instnuctons (E5E, BCF, X0REF) wih TRISC as the
destination, should b= avolded. The user shouid refer
o Fe comresponding peripieral section for the cormed
TRIZ bE ==FEngs.
FMZLIRE 45 PORTC BLOCK DIAGRAM
(PERIPHERAL QUTPUT
OVERRIDE) RCc2:0=,
R 5o

Pt erphe sl Select

Parphernl Oatm Cici
Uwis Hus

o =]

W Pos ERLG

WA TRIE

Viarip el
R o a o
| EH
L Pod l —l
i~
Paripharnl Inpes

Fods 1= 1N piew hores: diccls prodecion B WG end s
L PoriVwipean| Sseci spml sssds bebess- port
atw arel peripteml cutpad
I Periphaml O (Ouizu Detle) s cnly schwvsisd 7
Periphan| e v i

FIGURE 4-7. PORTC BLOCK DIAGRAM
(FERIFHERAL GUTFUT

OVERRIDE) RC-4-3=

e iz beral Sk 1

Furicerml Deiw Oul

Ciwem Bom

Yl Vot | e

LURILERE Wt

THIE
e THIS T
Faipternl
o
O Forl
EEP Inpus L~
1
CEE
B TAT
Fods 1 FOppim s diods pesission = W00 e VES

2 Poiifes cheml Sssd pigrel s sc beivssn pord des
o seriphersl cuizul

1: Perizhersl O [Cofpf Dembils | i onky scivaisd B
Parizhersl Ssisd & sdie
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TABLE 4-5: PORTC FURCTIONS
Hamss Bl | Buffer Typs Funotiom

RCITIOEOTICK] b O 2T Inpetoutput port pin or Timer! osdllaior oufpetTmer] clodk Input.

RC1MICBLCCP2 bE 1 a7 Inpeftoutput port pin or Timer! osdiiator input or Capbure2 Inpulby
Compan2 cutpubPRIZ pufpak

ROICCP bE 2 aT Inpestiouiput port pin or Capturei InputfCompars1 owlpud!
FWHA output.

RCAMBCEMETL bE 3 a7 RCE can alzo be the symchronous serial clock for both SP1 and
G modes.

R CAMBOVEDA b 4 aT FC4 can also be the 5P| dal In (351 mode) or data 110 (PG mode].

RCEM3DD bE = aT Inpeitoutput port pin or 3ynchronces Serdal Port data outpet

RCEMEC bE & aT Inpeftoutput port pin or UEART asyncironous rans=it or
symchronous clock.

CTRLDT bE 7 a7 Inpefttoutput port pin or USART asynchronous neceive or

synchronous daba.

Lagend: ET = Schwitt Trigger Input

TABLE 4-&: SUMMARY OF REGISTERS A8350CIATED WITH PORTLC
. Walue on
Addrecs | Hame | ERT EIt & BRS | BR4 | BRI | BR2 Elt1 ElQ Valus om: all ortwer
PR, BOR
.11
oTh FORTC | RCT RCE RECE RC4 RC3 RCZ RiZ1 RCO | ®xXEx XXX | ouwu ool
&Th TRIEC |PORTC Da& Direction Reglsber 1111 11111111 1111

Lagend:

X = unknown, 12 = unchanged
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44 PORTD and TRISD Registers FIGURE 4-&: PORTD BLOCK DIAGRAM
{IH O PORT MODE)
Hote: FORTD and TREZD are not Impiemenbed
on the 28pin devices. Lt Chtw L .
Eum ey L
PORTD s an Bbit port wEh ScheiE Trigger Input . = - L '_E
buffers. Each pin ks individualy configurable as an input ;"",,., N F ™
or oulput oL
PORTD can be configoed as an B-DE  wide RIS Laich
microprocessor porl (Paralel Slayve Pord) by setbing — = =]
control bE, PEPMODE [TRIZE<d=). In this mode, the Wi
Input buffers are TTL Lo o SchmE
Tagger 'y
rpad
i
(5]
s
~1
- a =
EM
1 Per L - —|
Mol 1: 0 pine heres profecion diodss o VYOO arel Vi

TABLE 4-T. PORTD FUNHCTICNS

Hama S Euttsr Typs Funadion
RD0FSFD Eit O BT Inpuiticartput port pin o Paralel Slave Port b 0.
s01PSP1 bit 1 gL Inpuficutpul port pin or Paralel Skwve PortbE 1.
SDLFPSF2 Bit2 gL InpuSicutput port pin or Farailel Skve PortbE 2,
s=03PZP3 bit 3 gL Inpuficutpul part pin or Paralel Slwve Port bE 2.
RD4FSF4 kit 4 gTrTLM Inputicartput port pin or Paralel Slave Port b 4,
SDEPEPE BitE gL Inpuficutpul port pin or Paralel Slwe Port bE 5.
SDEFSFE kit 6 gTrTLM Inputicartput port pin or Paralel Slave Port b S,
SOTPEPT bit 7 gL Inpuficutput port pin or Paralel Skwe PortbE 7.

Lagend: ST = Zchmilt Trigper input, TTL = TTL Input

Hoie 1: Input buSers ane 3chmiit Triggers when in WD mode amd TTL bulfers when in Pamliel Slave Pord mcde.

TABLE 4-&: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Walus onc Walue on
Addrecc | Mame |Bst7 | Bie |BRs| Bts | Btz | Bz | Bt | BHO - | = othar

FOR. BOR

Fecsic

osh FORTD | ROT | 506 | ADS | RO mD3 | mD2 | RO1 | RODO0 |sooo xooos|wuus wuus
2sh TRIZD |POSTD Dat Direction Register 1111 1111|1111 1111
g3h trize | BF | oeF [isov|repucoe| —  |PorTE Dats Dieection Bz ooon -21zfoooe -112
Lagend: X = unknowr, U= urchangsd, - = unimplemenisd, read as 07, Shaded colls ane mof woed by FORTD
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4.3 PORTE and TRISE Register

Mots: PORTE and TRIZE are nof Implemented
on S 28-pin dewioes.

FOATE has thres pins (REDADVANS, RE1NRAMNS
and REZCEMMT) which are mdividually configurabie
as mpuis or oulputs. These pins Fave Schmit Trigger
nput bufTers.

The PORTE pins become the O coninol inpuis: for the
microprocessor port when bE PEFMODE (TRIZE<d=] &
= In this mode, B user must make ceriain that the
TRIZE<Z 0= bits ar= 5=t amd that the pins are configured
as dgial npuls. Also, srsurs thak ADCOM 1= config-
ured for digkal . In this mode, the input buSers are
TTL

Register 4-1 shows the TRIZE negisi=r which also
controls Ehe Parallel Slaye Port operadon.

PCRTE pins ane muitplersd wkh analog Inputs. Wren
ssiected for analog input, these pins will nead a5 s,

TRIZE controls the direction of the RE pins, even wien
they are belng used as anabog Inputs. The ussr must
make sure 0 be=p the pins configun=d &% Inputs whisn
using Se=m as anaiog nputs

Maots: on a Poweron Ressf thess pes ame
configured as araiog Inputs and read as ‘I

TABLE 4-3: PORTE FUNCTIONE

FHsURE 4-3C PORTE BLOCK DIAGRAM
{IH O PORT MODE)
s [win Lach
Eam o =
WY ’ ) _fra—_E
Fort "I"_'L G =S
THIE Laich
— O i
WY
Lt e scteeim |
Trge: '/
npet
5 Hullwr
EI--I.IH |
T a o]
LH
L e P, —l
Rale 1 15 pre have prsdion dicdss o Wb end Wi

Ham:s EiF | Buffar TYyps

Funokkom

B8
SELADVANG | bEd | STTTL™M |1 - ide

0 port pin or read conbol input In Paralel Save Port mode or analog imput:

0 = Read operation. Conkepis of PORTD regisier are el o POSTD
140 pins (H chip seleched).

R
SEVWRANS | BE1 | STTTLO |1 . ide

D piort pin o warite conirod Input In Parasilsl Slave Port mode or anaksp input:

0= 'irte opsration. Wale of POSRTD D pins k& laiched IR0 PORTD
reglster (if chip ssiecied)

REXTEMNT | bez | sTTTLM (52

1= Device Is not sekected
0= Device s seiecled

¥O port pin or chip sedect confrol Inpes In Parakel Slave Port mode or analkog input:

Lagend: ST = Schmilt Trigger inpuf, TTL = TTL Input

Hois 1: Input buSers are Schmitt Triggers when in D miode and TTL bulfers when in Paralle] Blave Pord meode.

= S M e i Tosrdireoieis b

L ST TR e
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TABLE 4-1:. SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

vl Lt ]
Addrics | Mass EnT Bk d Bic s B4 Eil 3 B2 B Ead o all ooyt

PO, BDR

Radirt

et PORTE — —_ —_ — — RES RE1 RED = U
Eebhi TRIEE IBF OBF BOY | PEFMODE — PORTE Cuita Directizn Lits 1
B ADDOM | ADFM | ADCE2 —_ — PCFG3 F'LF!'_.EI PCFGA | PG4 Saan
Lisgéfid: x = GhkDda, = = unchanged, - = ursrmpleimenied, read &8 07 Ehaded cels G mol sSsd By PORTE

REGISTER 4-1:

TRISE REGISTER (ADDRESS &3h)
R0 R R R0 u-a RN AW RN
[ m= | oer | mov |rorwcoos| — Fit 2 it 3 3t [
bkt 7 it O

Paralisl 3laves Port S3txbuc/Control BRE:

IBF: Input Buffer Full Stabus bit

1 = A& word has been recefed and ks waiting o be read by the S50
0 = Mo wond has besn neceived

OBF. Output Buffer Full Sabes bit

1 = The oulpuf bufer stil holds a preyviousy writen wond
0 = The outpuf buf=r has been read

IEOV: Inpat Buffer Ovefiow Detect bE {in Microprocessor mode)

1= & write oocurred wien @ previously input word has mot been read (mast be cleamned in
sofbeare])

0= Hooverfiow cooumed

FEPMODE: Faralel Save Fort Mode 3edectbit

1 = PORTD functions In Paralel Siawe Port mode

0 = PORTD functiors In general purpose 1A mods

Unimplsmantsd: Read = '0"

PORTE Dats Dirsgtion BitG:

Elt & DiFection Controd bit for pin REZ/CEANT

1 = |mpat

0 = Cutput

Bt 1- Direction Control bit for pin RE1ASRIANS

1 = |t

0 = Dutput

it ¥ Direchion Coning Bt for pin RELVRTUANS

1 = Inpef

0 = Output

Lagerd:

Fl = Eexdabie bit W = irEabie bit U = Unimplemenbed bit, read as o
-1 = Valu= at FOR "1'w BE = et = BE = deared ¥ = Eit Iz unkroram
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E T Product Liser s Manual —RF Transmiltisr Mooules

L FPRODUCT SPECIFICATION
2.1 The Specifications of BF Tramsmitter Module

Except for the frequency and antenna length, BEF TX 315 and BF_TX_433 chare the same
product specifications as shown in fable below:

Nuo. | Specifications EF Transmitter AModuole

1. | Operatmz Voltage WViwllV

1. | Operatinz Cument Max = 4lmA (12V), Min = fm4 (3V)

i. | Oscillator SAW [Surface Acoustic Wave) oscillator

4. | Frequency 315MHz--433 02MHz

5. | Frequency ermor =] 50kHz{max)

6. | Modulation ASEOQE

7. | Transfer Bate =10Ebps

g. | Transmitting power 25mW (313MHzz 1 IV

L. | Antenna Length 24em (31 5MHz), 18cm (433 .9206Hz)
21 Antenma

1. User may use amy soft or hard wire (Jikes Diawbars anfenna) as aofemma. The
freguency is determined by the lensth of antenna, please select the correct length
with refer to specification of BF Transmitter above (Section 2.1, Wo. 9). If a soft
wie iz used, please make sure it is folly extendad.

[ B

If the transmitter module is molded in a metal casing, pleaze uze an external anfenna
For better result, use A 50 Ohm coaxial cable can be usad as anfenna to the module

Created by Cytron Technologies Sdn. Bhd. — Al Rights Reserved
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3. PRODUCT LAYOUT
3.1 RE_TX_315MHz

3.1.1 RF_TX_315MHz Typel

ANT

Label - Description

Data The Data pin of the transmitter.

VCC The power suppiy to the transmifter.

GND The Ground of the transmtter. -

ANT The hole to solder and connect antenna. (Please selact the
correct antenna lensth. which is 24cm)

312 RF_TX_315MHz Type2

Label e Description

Data The Data pin of the transmitter.

VCC The power supply to the transmitter.

GND The Ground of the transmstter.

ANT The pin connact antenna. (Please selact the correct
antenna lensth which is 24cm)

Created by Cytron Technologies Sdn. Sna. — Al Rights Reserved
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Product Uesrs Manual —RF Recshver Mioduls

1L FRODUCT SFECIFICATION

11 The Specifications of BT Beceiver

Except for the frequency and aptenna length, BF BX 315 and FF EX 433 share the same
product specifications as shown in tahle below:

No. | Specifications RF Receiver

1. | Crperatinz Voliage 500 =05V

1. | Opemnating Current =3.5mA @5.0v

i. | Crperatins Principls Monolithic super heterodyne receivine
4. | Modulation OOFE/ASKE

5. |Frequency 315MHz 433 9IMHz

6. |Bandundih IMHz

7. | Sensitivity -100dBm

§. |Rate < 0 6Ebps (315MHz @-25dBm)

0. | Dat Cnaiput TTL

10. | Anfenna Length 24cm (315MHz), 18cm (433 .9IMHz)

2.1 Antenma

1. User may use any soft or hard wire (likes Drawbars antenna) as antenna. If the soft
wire i3 used do make surs it is fully extended. The distance of recepton will be
influence by the length of anterma; please select the correct length with refer to
specifications of BE Eeceiver abowe. (Section 1.1, Moo 10). Please ksep the FF
Receiver Moduls away fom metal objects.

2.3 Important Notes

1. If the moduls is used with muicrocontrollar, the cledk fequency should be under
ANHz Please fry to keap a distance between oscillater and the BF Feceiver module
to avoid the disturbance from ascillatar.

1. The voltage supply oeed to stable and the mppls voltage nesd to be as low as possible,
mwult-level Slering are needed. (For example, add ferrite bead, mducter and

CApACIioT.)

Created by Cytron Technologies Sdn. Bhd — A Rights Resenved
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3. PRODUCT LAYOUT

3.1 RF_RX_315MHz

e 114 vee
i Dan
GND
Label . Descripion
ANT The hols to solder and connact antenna. (Please select
_ the comect antenna which is 24cm)
VCC The power supply (3V) to the recesver.
GND The Ground of the receiver. (The 2 GND are mtemally
. connected each other)
Data The Data pin of the recemver.
Data
ANT
GND
VCC
Label L Descripion
ANT The hols to solder and connect antenna. (Please select
i) the comract antenna which is 24cm)
VCC The power supply (5V) to the recesver.
GND The Groundofthereceiver.
Data The Data pin of the receiver. (The 2 Data pins are
internally connacted each other.)

Created by Cytron Technologies Sdn. Bha. — Al Rights Reserved
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10.1  USART Baud Rate Generator
[BRG)

The BRG supports both the Asynchmonows and 3yn-
chronows modes of the WEART. it & a dedicaied S-bit
baud rale gere=ralor. The SFERG regisisr confrols e
perod of & free runnimg B-bit Hmer. In Asymchronous
mode, bit BRGH (TESTA<Z=] also confrols e baud
rai=. In Symchronous mode=, bit BREH k= ignonsd.
Table 10-1 shows the formula for computation of e
baud rate for dffersnt UEART modes which only apply
In Blasher mode | imsmal clock)

Given The desined bawd ke and Fosc, e nearest
nbeger vakue for the SFERG mnegisier can be alculaisd
using the formula In Table 10-1. From this, the emor
baud rale can be deberm imed.

TASLE 10-1: BaUD RATE FORMULA

It may be advantygeous o wse the high bewd rabe
(BRGH = 1) even for siower baad ciocks. This s
bacause the Fosci1s (X + 1]) ssguation can reduce the
baved rabe arTor In somiE Cases.

Writng a new value fo the SPERG register causes the
BRS Hmer fo b= reset jor cdear=d). This ensures the
BRG does nof wait for & Gmer overfiow Before
puffputtineg e new baud rabs

10.1.1 SAMPLING

The data on e RCTIRXDT pin Is sampied thres tmes
by & majorEy detect cicuk o determine [ a Bigh or a
o lewe] |s present af the AX pin.

EYHC BRGH = 0 {Low 3 paad]

ERGH = 1 [High 3 paad]

0 iAsynchromous] Baud Rate = FosciEd 0 = 1))
1 (Eynchronous) Baud Rale = Fosciid (X + 1))

Band Rabe = Foscif 18 (X + 11)
A

Legend: X=valsein ZPFERG (010 355)

TABLE 10-2: REGISTERS A5SOCIATED WITH BAUD RATE GENERATOR

Value gn: | ¥ue en

ALdomcs | Mame | BET | BHe | BRE | B4 ez | B4 | Bt | al ciher
POR. BOR

Recats

==h TESTA | CSRAC | THS | TEEM | 2¥YNC BRGH | TRMT | THSD |0D00 -010| 0000 -010

15h RCETA | GPEN | RES | GREM | CREN | ADDEN | FERR | OERR | RESD [0000 0O0x| 0000 000X

=5h 2PERG |Saud Rabe Gensrator Reglsber oooo oooo| cooo oooo

Lagend: x = unknown = unimpbermeenied, nead as

Shaded cels ans ot used by Fe BRG
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (ERGH = 0)
o = 70 MM Fose = 16 Wer o = 10 M
BAUD
RATE s EPORG . 5PBRG % BPORG
® | pmaun  ERmoR H"‘::r'-ll KBAUD ERRDR '“‘_'_” KEAUD ERROR H:rr_-ll
03 - - - - -
12 Lz 175 == 12m ar? an - R T m
24 | 2aa onr br. 740 Q1T 1m 2404  OF B4
gg | amm 173 3 BET Qe = 0 173 15
wmr | wmEm .72 1= 190 Qe o wEn 172 ?
meE | M=o Bs 2 IrTm ass B W= B 4
mE | Wm0 am : B4 g Wm0 B30 4
sre | o BE) 4 EEm ES 3 s pss 2
G | LEn == T - == aEI ==
Low | mzsoo 0 =000 - o 150 350 .
Fonce 4 MHz Posc = 16884 Wiz
BALD
wa X o x s
| vpapn  ERROR ducimal] | KBaun  TPEOR bl
o3 2300 o a 03 o 1%
2 - N =1 12 o &
74 7434 0T = 24 o n
38 29U A f an o -
wz | mEn  asm 2 183 o 3
mE | =0 asm 1 M o
mE -
srE | mEm B o T o .
HGH | ooed == o= ==
Low | mEm o a7 .
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
Pias: = 2 MHz Frme: = 18 MHz Fom: = 10 Mhz
BALD
T -y . -y -y
Kl | pmaun  Ernoe decimaty | REAUD DRROR oy | KEAUD ERROR o |
o3 - - .
. - - -
2.4 - - 244 LA ==
38 aEIS a1 = nEs o8 um nEIS o18 4
wz | wmm a1 B4 b ra) o8 =1 T ) »
mB | mon osd e Hmaz 213 = msm 1W o
mE | Tmms oS = mam  om p.| mEs 210 i
srE | smege 3w m saEM 213 " = 1 ©
waH | aEn - e A == 241 ==
Low | enmm - o 10X o £ o
o = 4 MHz Pose = LEHH sz
BALD
FaTE L] vk s vakam
™| gmaup  ERROR i smaun  EPFOR
o3 -
2 123 oi1T T 12 o 19
2.4 2 404 oi1T 1 24 o =
38 HAT o8 = 1] o o
wz | s o1a b, 1z 0 m
mE | Tmm s B mA 0 r
mE | ®mP4 Axm E ma 204 E
srE | mam as 3 5TE 0 3
waH | o == ag - ==
Low | =onm o T4 - o




CONFIG (Ox3F3A)s

#define button

#define buttong
#define button3
#define lcd_data
#define rs RD5
#define rw RDEk

#define e RD7?

APPENDIX D

RAZ

PORTB

void uart_send(unsigned char data)3

void InitLCD(void)s

void delay(unsigned long data)s

void send_char(unsigned char data):

void send_config(unsigned char data)s

void lcd_goto(unsigned char data)s

void lcd_clr(void)s

void send_string(const char x*s);3

unsigned char read_eeprom(unsigned char adr);s

void main(void)
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//assign variable

unsigned char

ADCONL= OxDOks

no-ptr.datas

TRISA = 0bl1111LA
TRISB = 03
TRISD = O3

InitLCD ()4

//setup USART

BRGH = O3
SPBRG = 2553
TX9 = 03
TXEN = 15
SYNC = Oa
SPEN = 15

lcd_goto(D) 3

data=03

//configure PortA as digital I/0

//configure PORTA input

//baud rate for low speed option

//set boud rate to 1200bps for 20Mhz

//8=-bit transmission

//enable transmission

//asynchronous

//enable serial port

for(ptr=0x005ptr<=0x0Fiptr++)

{

¥
lcd_goto(20)5

data=03

if (data<=15)

{

send_config(Ox&0 + data)s

send_char (read_eeprom(ptr))s;

data=data+l3
delay (5000) 4

T

for(ptr=0x105ptr<=0xLFiptr++)

{

89



}
while(l)
{

if (data<=15)

{

send_config(OxCOD + data)s
send_char (read_eeprom(ptr))3
data=data+ls

delay(5000) 3

T

90

//infinity loop

no=0xAA3

uart_send(no);3

no=0xBB3

uart_send(no) ;3

if (button==0)

{

¥

no=0b00110011%

lcd_clr ()3

lcd_goto (D)3

send_string ("RECEIVER 1--> ON™);3
lcd_goto(20) 3

send_string("Searching >>>")3

while(button==0)

uart_send(no) 3

else if (button2==0)

{

no=0b11001100%

//send the id number

//continuous send data

//send the id number
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lcd_clr ()3

lcd_goto (D)3
send_string("RECEIVER 2--> ON™);5
lcd_goto(20) 5

send_string(TSearching >>>")3

while(button2==0)

uart_send(no) 3 //continuous send data
}
else if (button3==0)
{
{
no=0b11110000% //send the id number
lcd_clr ()3
lcd_goto (D)3
send_string("RECEIVER 3--> ON™);5
lcd_goto(20) 5
send_string("Searching >>>");
}
while(button3==0)
uart_send(no) 3 //continuous send data
}
}
}
//================S==S=S=SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsS=S==S=sS=sS====s
// functions
//====================S=S=SSSS=S=S=SSSSS=SSSSSSSS=SSSSSSSSSSSS==========3==

void uart_send(unsigned char data)

{

while(TXIF==0)3% //0only send the new data after the previous is sent
TXREG=datas

¥

void InitLCD(void)
{

send_config(0b0O00OODO0OL) 5 //clear display at lcd



send_config(0b0O00O0ODO0O10) 5
send_config(0b000O0O0OLOL) 5

send_config(0b0O000L10O0) 5
of f

send_config(0b00111000) 5

void delay(unsigned long data)
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//Lcd Return to home
//entry mode-cursor increase 1

//diplay ona cursor off and cursor blink

//function

{
for( sdata>0sdata-=1)5%
}
void send_char (unsigned char data) //send lcd character
{

rw=03%
write mode

rs=1s3
display mode

lcd_data=datas
= data

e=13
confirm the data

delay(10)3
e=03

delay(10)3

//set lcd to

//set lcd to

//lcd data port

//pulse e to

void send_config(unsigned char data)

{
rw = 03
rs = 03
lcd_data = datas
e=13
delay(50)3
e=03%

delay(50)3

void lcd_goto(unsigned char data)



{
if (data<ilk)
{send_config(Ox&0+data)s}
else
{
data = data - 203
send_config(OxCO + data)s
}
}

void lcd_clr(void)
{
send_config(0Ox0L)5

delay(k0O0) 5

void send_string(const char xs)

{
unsigned char i=0;3
while (s&8 xs)
send_char (xs++)3
}

unsigned char read_eeprom(unsigned char adr){
EEADR = adrs

RD=13 //set the read bit

return(EEDATA) S

¥
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CONFIG (Ox3F3A)s

void main(void)
{
//assign variable

unsigned char nos

//set I/0 input output

TRISC= 0blL0O0O0OOOOOA

//setup USART

BRGH = 03 //baud rate for low speed option
SPBRG = 2554 //set baud rate to 1200bps for 20Mhz
SPEN = 13 //enable serial port

RX9 = 03 //8-bit reception

CREN = 13 //enable reception

while(l) //infinity loop
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un

{
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{
CREN=14
if (OERR==0)
{
if (uart_rec()==0xAA)
{
if (uart_rec()==0xBB)
{
if (uart_rec()==0b00110011)
buzzer=1s
else
buzzer=03
}
}
}
else
CREN=04
}
functions
signed char uart_rec(void) //receive uart value
unsigned char rec_datas
while(RCIF==0)3 //wait for data
rec_data = RCREGA
return rec_datas //return the received data



APPENDIX E

Overall Project View
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