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ABSTRACT

Dot matrix displays are widely used in various aspects and for diverse purposes. They are
used as means of advertising, displaying public service information, traffic notifications,
and greetings note. Inspired by the functionality of dot matrix as message display, the aim
of this project is to build a system that enables the transmitter block to transmit messages
wirelessly to the dot matrix at the receiver block. This will result in a timelier and accurate
message to be conveyed to public without having to be controlled by large workstation,
heavy computers or any kind of software. The hardware of the system comprises of two
blocks controlled by a PIC microcontroller respectively. The 4x4 keypad gives the input
to the transmitter microcontroller and the Vacuum Fluorescent Display (VFD) acts as the
transmitter display. The Dot Matrix is placed as the receiver display. RF hybrid
transceiver pair that acts as the heart of the wireless transmission is interfaced to the
microcontrollers using the encoder/decoder pair. The RF transceiver pair transmits and
receives the data based on purely RF transmission without any assistance of Graphical
User Interface (GUI). C language programming becomes the basis of the operability of the
microcontrollers and the control of the workflow of the system. This project is a potential
platform for enthusiasts of electronics project to integrate the use of microcontroliers, C
programming and wireless transmission and for further expansion for outdoor message

displaying.
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CHAPTER 1
INTRODUCTION

This chapter provides basic information obtained throughout the research done using
various resources such as the internet, books and other related materials. The
background of study will explain briefly about the project followed by the problem
statements, the objectives and the scope of study.

Dot matrix displays have become popular these days, being used to convey messages at
most public places like banks, bus terminals, highways and also government agencies. It
is one of the easicst ways to pass on messages to a large target group. The messages
being displayed, by all means, must be timely and accurate. Nevertheless, the dot matrix
displays mostly, if not connected in hard-wired mode to the controller station, is being
controlled remotely by certain software installed on a computer at the control station. it
is not usually equipped with means to enable messages to be transmitted directly to the

displaying unit without having to use a workstation or a computer.

Therefore, the main focus of this project is to build an integrated system that transfers
the message wirelessly to the dot matrix display at the receiver. It uses the platform of
Radio Frequency (RF) to achieve wireless transmission. The hardware consists of two
microcontroller boards. One is connected to the keypad, Vacuum Fluorescent Display
(VFD) and the transmitter module, while the other is connected to the receiver module
and the dot matrix display. The microcontrollers control the operations of transmitting

and receiving with the use of C language program embedded inside them.



1.1 BACKGROUND OF STUDY

The advancement of communication technology has shown great paces parallel to the
growth of the world of electronics. New technologies have been created and improved
by engineers and researchers of vast experiences in electronics and communication.
They are, of course, developed to improve the quality of life and to speed up the

communication between distant places.

Wireless communication is one of the most vibrant areas in the communication field
today. While it has been a topic of study since the 1960s, the past decade has seen a
surge of research activities in the area [1]. While wired networks and communication
are for communications between fixed locations, wireless networks are mostly for

communication between devices, with the device mobility being the primary benefit.

According to Forouzan (2004) in his book titled ‘Data Communmications and
Networking (3 Edition), wireless communication is referred to as unguided media that
transport electromagnetic waves without utilizing a physical conductor. For wireless
communication, the electromagnetic spectrum ranges from 3 kHz to 900 THz, as shown

in Figure 1.1 [2]:

Radio wave and microwave Infrared Lightwave

3 kHz 300 400 900
GHz THz THz

Figure 1.1: Electromagnetic spectrum for wireless communication [2]

The application of wireless communication is widely implemented at these present times.
Its significance is illustrated by the redefined way of communicating and retrieving

information.



Integrating the wireless communication means with the digital domain is indeed an
exciting field to be explored. Bates, in his book titled The Introduction to
Microelectronic Systems: The PIC 16F84 Microcontroller mentioned that the PIC
microcontrolier, at this present time, has attracted many interested programmer and
beginners to come up with notable electronics projects or mini projects. It is a valuable
device to give user valuable insight into the technmology behind the explosion of
microcontroller-based applications that has occurred in the recent years, based on cheap,

mass-produced digital circuits [3].

1.2 PROBLEM STATEMENT

1.2.1 Problem Identification

Transmitting the message from the transmitter to the dot matrix attached to the receiver
side is not a tough task to be done when the connection is in hard-wired mode. The main
challenge here is to fully utilize the wireless transmission as the means to send the
characters to the dot matrix at the receiver without too much of transmission loss

occurring.

The radio waves, for the most parts, are omnidirectional. The signals propagate in all
directions when the antenna is transmitting the waves. The radio frequency, being a part
of the radio waves, is entitled to the limitation that radio waves have. Concerning
multipath distortion, radio waves move from an omnidirectional antenna in all directions.
When these radio waves strike a very dense object such as metal or stone, they reflect,
much as light reflects from a mirror or other shiny surface. Even when there is a clear
path between the transmitting and receiving antennas, some of the signal reflected from
other paths will arrive at the receiving antenna. This phenomenon is called multipath
distortion. It can affect the received signal because the fonger path will cause the signal
to arrive out of phase with the signal from the direct path. The effect of multipath

distortion can range from nothing to the cancellation of the signal, depending on the



paths and the resulting delays. In some cases, the multipath effect can even boost the
received signal, This occurs when both paths arrive at the same time-in phase-such as

when multiple transmitting antennas are used.

Other than that, a wired link provides reliability close to 100 percent, but at the price of
a fixed link without mobility. Radio links offer mobility and convenience, but all radio
links are prone to performance degradations such as noise and interference that will
reduce reliability noticeably below 100 percent on any given transmission. Poorer
reliability may be mitigated by techniques such as error detection and correction,
increasing transmit power, and so forth, that can keep or increase reliability at high
levels. Nevertheless, it will involve some increases in cost and engineering effort [4].
For the concern of this project, the availability of open-space around the transceiver will

be an issue that will influence the range of transmission of this prototype.

Other matters to be heavily concered about are:
¢ The structure of the C programming being written in order to effectively transmit
the data from the transmitter block to the dot matrix at the receiver block.
o The strength of the signal to be transmitted.
s Messages to be able to be iransmitted and be displayed to the receiver dot matrix
display.
s To provide room for further enhancements planned to be done after the system

has been proven to work well.

1.2.2 Significance of the Project

On the application aspect, this project is seen as a miniature attempt to utilize wireless
transmission to transmit data from a microcontroller board to a remotely-placed receiver
equipped with a dot matrix display. It can be a good platform to study about RF
transmission for developing prototypes utilizing wireless transmission of higher

complexity for the undergraduate level.



On the electronic aspect, the project determines to prove the compatibility of the radio
frequency module from RFSolutions® with PIC microcontroller of Microchip™ brand,
interfaced using the encoder and decoder pair from Holtek Semiconductor. In the end of
the project duration, this project should be successfully built as a device that can

transmit data wirelessly to the receiver end. [6]

1.3  OBJECTIVES AND SCOPE OF STUDY

1.3.1 The Objectives of the Project

On a larger scale, this project is hoped to be built for a superior application suitable for
outdoor usage. But pertaining to the project funding, the target seems unfeasible. The
goals for the project, in the timeframe given for the Final Year Project to be completed
include but are not limited to the following:

¢ To ensure that the message at the receiver displays the same message being
displayed on the transmitter vacuum fluorescent display (VFD),

e To minimize any transmission delay between the point of transmission and the
point of data reception. It is measured from the point of the pressing the keypad
to transmit and the moment the dot matrix at the receiver side displays the
message,

o To enable the receiver to continuously display the final message being entered

without having the transmitter to continuously being powered up to send data.

1.3.2 Scope of Study

There are plenty of components involved in order to achieve all the goals stated. The

major components that are required for this project will be:
e Wireless communication circuitry is essential in ensuring that the receiver block
will only display the correct data being transmitted from the transmitter block.

This is to be done using the RF transceiver.



e Two PIC microcontroller boards, complete with the peripherals needed to
support the communication between the prototype and the end user.

e A pair of encoder and decoder to communicate the RF transmitter and receiver
respectively with the microcontrollers.

o A well-tailored C programming codes to ensure that the microcontrollers will

work well according to the planned prototype operation.



CHAPTER 2
LITERATURE REVIEW

2.1 RF WIRELESS TRANSMISSION

2.1.1 Introduction

The radio frequency or in simple terms known as RF refers to that portion of the
electromagnetic spectrum in which electromagnetic waves can be generated by
alternating current fed to an antenna [8)]. Nearly all wireless transmissions use RF,
including AM and FM radio, TV, satellites, portable phones, mobile phones and
wireless networks. RF signals can be focused in one direction (directional), or they can
transmit in all directions (omnidirectional) [14]. Generally, RF transmission points to
wireless communications with frequencies below 300 GHz [15]. It covers the range of
electromagnetic frequencies above the audio range and below infrared light (from 10
kHz to 300 GHz), except for infrared (IR) transmission. Above 300 GHz, the absorption
of electromagnetic radiation by Earth's atmosphere is so great that the atmosphere is
effectively opaque to higher frequencies of electromagnetic radiation, until the

atmosphere becomes transparent again {8].

Such frequencies and the belonging wavelength account for the following parts of the

spectrum shown in the table on the proceeding page:



Table 2.1: Radio frequency spectrum [§]

Band name | Abbr. | ITU Frequency Example uses
band Wavelength
<3 Hz
> 100,000 km
Extremely ELF 1 330 Hz Communication with submarines
low 100,000 km — 106,000 km
frequency
Super low SLF 2 30-300 Hz Communication with submarines
frequency 10,000 km — 1000 km
Ultra low ULF 3 300-3000 Hz Communication within mines
frequency 1000 km — 100 km
Very low VLF 4 3-30 kHz Submarine communication,
frequency 100 km — 10 km avalanche beacons, wireless heart
rate monitors
Low LF 5 30-300 kHz Navigation, time signais, AM long
frequency 10 ki -~ 1 km wave broadcasting
Medium MF 6 300--3000 kHz AM (Medium-wave) broadcasts
frequency 1 km—100m
High HF 7 3-30 MHz Shortwave broadcasts and amateur
frequency 100m—10m radio
Very high VHF 8 30-300 MHz FM and television broadcasts
frequency I0m—-1m
Ultra high UHF 9 3003000 MHz television broadcasts, mobile
frequency 1 m— 100 mm phones, wireless LAN, ground-to-
air and air-to-air communications,
and Two-Way Radios such as FRS
and GMRS Radios
Super high SHF 10 3-30 GHz microwave devices, wireless LAN,
frequency 100 mm — 10 mm most modern Radars
Extremely EHF 11 30-300 GHz Radio astronomy, high-speed
high 10 mm— 1 mm microwave radio relay
frequency
Above 300 GHz Night vision
<1 mm

2.1.2 1Issues on Data Integrity

While using a wireless system, it is desirable to filter out unwanted and interference
signals to prevent incorrect data from being received and interpreted. Since RF spectrum
is crammed with noise and other interference signals, it is imperative that 2 means of
data control is applied [14]. To achieve it, an encoder IC (HT12E) is connected as an
interface between the microcontroller and the transmitter, and a decoder IC (HT12D)




between the other microcontroller and the receiver module, both from Holtek
Semticonductor. The encoder encodes the 4-bit data received from the microcontroller
into serial data, while the decoder decodes the serial data received from the receiver

modutle into the same 4-bit data encoded by the encoder.

2.1.3 HT-12E

The HT-12E encoder is a CMOS LSI for remote control system applications. It is
capable of encoding information which consists of N address bits and 12N data bits.
Each address/data input can be set to one of the two logic states. The programmed
addresses/data are transmitted together with the header bits via an RF transmission
medium upon receipt of a trigger signal. The capability to select a TE (transmission
enable) trigger on the HT12E further enhances the application flexibility of encoder [10].

Roughly, the operation of the HT12E encoder can be explained in this manner: In order
to encode a signal, each of the address/data pin inputs must have been set to logic ‘0’ or
Jogic “1°. Once this is obtained, the encoder is now programmed. This programmed
address/data is transmitted via RF when the TE pin goes low (note the active low sign).
For the oscillator, the HT12E has an RC oscillator whose oscillation frequency is
selected by using an appropriate resistor value. For the HT12E, the oscillation frequency
for the decoder is 50 times larger: Foscp (decoder) = 50FoscE (encoder), as written in the
HT12E datasheet {10].

HT-12E has the following features {10]:

»  Operating voltage of 2.4V~12V

e  Low power and high noise immunity CMOS technology
e  Low standby current: 0.1 A (typical) at VDD = 5V

e  Minimum transmission of four words for the HT12E

e  Built-in oscillator needs only 5% resistor

e  Data code has positive polarity

s  Minimal external components



e  18-pin DIP/20-pin SOP package

MOl Bovon
A2 17 JoouT
AZ (3 16 [708C
A3 [+ 15[108C2
FYamE 14 ITE
A5 6 13 Oab
A6 17 12 jAD10
A8 11 [1AD9
vas ]9 10[JAD8

Figure 2.1 HT-12E Pin Layouts [10}

Table 2.2: HT12E Pin Description [10]

Pin Name YO { Description

AD-AT7 1 Input pins for address AQ-A7 setting

ADS-AD1 ] Input pins for address/data AD8-AD11 setting

DB-D11 | Input pins for data D8-D11 setting and transmission
enable, active low

DouT O | Encoder data senal fransmission output

L/MB i Latch/Momentary transmission format selection pin

TE | Transmissicn Enable

QSC1 ! Oscillator input pin

Q8C2 (O | Oscillator output pin

Xi | 455kHz resonator oscillator input

X2 O | 4bbkHz resonator oscillator output

VS5 | Negative power supply

VDD | Positive power supply

2.14 HT-12D

The HT-12D decoder is a CMOS LSI for remote control system applications. It is paired
with HT-12E encoder. For proper operation, a pair of encoder/decoder with the same
number of addresses and data format should be chosen. The decoder receives serial
addresses and data from a programmed HT-12E encoder that are transmitted by a carrier
using an RF transmission medium. It compares the serial input data three times
continuously with its local addresses. If no error or unmatched codes are found, the
input data codes are decoded and then transferred to the output pins. The VT pin also

goes high to indicate a valid transmission. HT-12D is capable of decoding information

10



that consists of N bits of address and 12N bits of data. HT12D provide 8 address bits
and 4 data bits [11].

For the HT 12D operation, it can be summarized as follows: The decoder receives serial
addresses and data from the programmed encoder. So whatever address values were
programmed on the encoder, thé decoder must have the same address values. A signal
on the DIN pin activates the oscillator and the incoming address and data are decoded.
The decoder checks the received address data three times. If no errors are found, the
input data codes are decoded and then sent to the output pins. These four data pins
remain unchanged until new data is received. The VT pin wilt go high to indicate a valid
transmission. Usually an LED connected to this pin will give notice to a valid
transmission. The HT12D decoder operates on an RC oscillator. The oscillation
frequency depends on what resistor value is used. The resistor is connected between
pins OSC1 and OSC2. As mentioned before, the oscillator frequency for the decoder is
50 times bigger than that of the encoder. The recommended oscillator frequency is given
by: Foscp (decoder) = 50Fosce (HT'12E encoder), as written in the HT12D datasheet [11].

HT-12D has the following features [11]:
s Operating voltage of 2.4V~12V
e  Low power and high noise immunity CMOS technology
s  Low standby current
e  Capable of decoding 12 bits of information
e  Binary address setting
e  Received codes are checked 3 times
e  Address/Data number combination (8 address bits and 4 data bits)
e  Built-in oscitlator needs only 5% resistor
e  Valid transmission indicator
»  FEasy interface with an RF transmission medium

e  Minimal external components

1



a1~ sPhvoo
a0z 1whvr
A3 16 0801
A3 4 15 1 08C2
AATS 14 DN
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A67 1211010
AT (B 11Cpe
vas ]9 10 108

Figure 2.2 IT-12D Pin Layouts [11]

Table 2.3: HT12D Pin Description [11]

Pin Name WD | Description

AD-A11 i Input pins for address AJ-A11 setting
D8-D11 0O | Quipul dala pins

DIN | Sernal data pins

VT O | Valid Transmission

05C1 B QOsciliator input pin

QSC2 O | Osgllator output pin

VS5 | Negative power supply (GNLD}

VDD | Posifive power supply

2.2 RADIO FREQUENCY: THE DEVICE

For this project, the RF module to be used is the FM Hybrid Transmitter and Receiver
Modules by RFSolutions®. The transmitter operates on 3-12V supply voltage and
comes in either SIL or DIL package. The receiver is built using the PLL XTAL design
and operates on 5V supply voltage.

2.2.1 The Transmitter and Receiver

These miniature RF modules provide a cost effective high performance FM Radio data
link, at 433.92MHz. Manufactured using laser trimmed thick film ceramic hybrid, the

modules exhibit extremely stable electronic characteristics over an industrial

12



temperature range. There is no adjustable component and ensures very reliable operation

over time [15].

This transmitter and receiver pair enables the simple implementation of a daia link at
distances up to 75 meters in-building and 250 meters open ground. These transmitter
and receiver modules are optimized for wireless transmission of encoded data packets
[15].

Figure 2.3: The FM Hybrid Transmitter and Receiver Modules [15]

The transmitter, which is of model FM-RTFQ2-433R, is a single-in-line package
incorporating a voltage regulator for 3-12V operation. It is tailored to be compatible

with other RF transmitter modules available.

in ‘L
XTAL XTAL PLL Power Amp
Oscillator Synthesizer _ >

. 1

Figure 2.4: The transmitter block diagram [15]

The receiver, of model FM-RRFQ2-433 is a Single in Line Package, with the

architecture built as follows:

13



Veeo Veo
In A A
‘ 1 [
Pre Amp Mixer Pre Amp 10.7MtHz ™ —
Fiiter Filter iF Filter Demodulator Out
' 1 ; v
GND PLL GND GND
Synthesizer

Figure 2.5: The receiver block diagram [15]

The operation of the transmitter and receiver can be understood by referring to the block

diagrams:

The XTAL block refers to the crystal which is used as an oscillator, as it is
capable of producing precise and stable frequencies for frequency counters,
radio transmitters and receivers, computer system clocks and many other
applications. The XTAL Oscillator block indicates the crystal oscillator
operation, in which the oscillator is a means to produce oscillations or

repetitive waves. [5].

The Phase-Locked-Loop (PLL) Synthesizer consists of four primary
blocks: (1) a phase comparator, (2) a low-pass filter, (3) a low-gain
operational amplifier and (4) a voltage-controlled oscillator (VCO). It is used
widely in performing functions of modulation, demodulation, and signal
processing and frequency synthesis. It ultimately employs phase lock to
perform its intended function. A phase lock can only take place when the
PLL is frequency locked. Only then can the phase comparator produce an
output voltage that is proportional to the difference in phase between its
VCO and the external input frequency [5]-

Power Amplifier, by its name, is used to amplify the signal to the receiver.
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o The Mixer is a non-linear amplifier, which tunes the output to the difference
between the RF and the local osciliator frequencies. In other terms, it down-

converts the received radio frequencies to intermediate frequencies (IF) [5].

e The intermediate frequencies (IF) block is where the receiver-gain and

selectivity is achieved {5].

e The FM Demodulator functions to produce an output voltage that is
proportional to the instantaneous frequency at its input [5].

e The Comparator block is responsible in producing a more linear output
voltage-versus-frequency response curve since it is immune to amplitude

variations [5].

23 MICROCONTROLLERS

2.3.1 Introduction: PIC18F458 and PIC16F877

Two microcontrollers of different models are being used in this project, namely
PIC18F458 for the transmitter board and PIC16F877 for the receiver board. Both

microcontrollers are manufactured by Microchip®.

PIC18F458 belongs to a class of 16-bit microcontrolier of High-Performance Reduced
Instruction Set (RISC) Central Processing Unit (CPU). It is an Enhanced Flash
Microcontroller with Controller Area Network (CAN), an added feature not obtainable
in PIC16F877 that enables serial communication within noisy environments between

microcontrollers and devices that adopts this feature {12].

PIC16F877 belongs to a class of 14-bit microcontroller of Reduced Instruction Set
Computer (RISC) architecture. It is a Complementary Metal-Oxide Semiconductor
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(CMOS) FLASH Microcontroller [13]. Its size in terms of memory is less and is an
older model compared to PIC18F458.

Both of the microcontroliers’ program memory (FLASH) is for storing a written
program, EEPROM for data memory that need to be saved when there is no power
supply and RAM for data memory used by a program during its execution.

The differences between PIC18F458 and PICI16F877 are not limited towards the
memory space size only, but also in terms of architecture, special features and function
modules. In this project, the main difference being evaluated is the difference of
memory space between PIC18F458 and PIC16F877, which is summarized in the table

below:

Table 2.4: Comparison of memory size between PIC18F458 and PIC16F877 [12] [13]

Program Memory Data Memory
FLASH # Single-Word SRAM EEPROM
(kilobytes) Instruction (bytes) (bytes)
PIC18F458 32 16384 1536 256
PIC16F877 8 35 368 256

2.3.2 Applications

PIC microcontrollers perfectly fit many uses, from commercial, industrial and extended
temperature ranges and controlling home appliances to industrial instruments, remote
sensors, electrical door locks and safety devices. It is also ideal for smart cards as welt

as for battery supplied devices because of its low power consumption.

Having EEPROM memory makes it easier to apply microcontrollers to devices where
permanent storage of various parameters is needed (codes for transmitters, motor speed,
receiver frequencies, etc.). Low cost, low power consumption, programmability and

flexibility make PIC microcontrollers applicable even in areas where microcontrollers
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had not previously been considered such as: timer functions, interface replacement in

larger systems, coprocessor applications, etc.

2.3.3 Pin Descriptions

Both PIC18F458 and PIC16F877 have a total of 40 pins, with 5 /O port, namely
PORTA, PORTB, PORTC, PORTD and PORTE. They are most frequently found in a
PDIP type of case but can also be found in PLCC (Plastic Leadless Chip Carrier) and
QFP (Quad Flat Package) case which are square in shape [12][13]. PDIP is an
abbreviation for Plastic Dual In-line Package. It is an electronic package with a
rectangular housing and two parallel rows of electrical connecting pins, usually
protruding from the longer sides of the package and bent downward. A DIP (Dual In-
line Package) is usually referred to as a DIPn, where r is the total number of pins [7]. In
PIC18F458 and PIC16F877 case, their package with two rows of twenty vertical leads
would be a DIP40.

DIPs have an orientation notch in one end. If the chip is held so that the long axis is
horizontal and the notch is at the left end, pin number 1 is the leftmost pin in the bottom
row. Pins are numbered counter-clockwise from there, i.e. left to right across the bottom
row, then right to left across the top row. This allows automated chip-insertion

machinery to ensure correct orientation of the chip by mechanical sensing. [7]
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1  PROCEDURE IDENTIFICATION

The first semester of the Final Year Project is focused on the initiation of the project.
Among the matters done were the literature review, system research, logistics gathering
and the circuitry completion of the transmitter and the receiver board. The second
semester is focused on establishing the wireless connection between the two boards, and
to complete the C code for the transmitting and receiving. Most of the logistics have
been made available for the smooth continuation of the project work in FYP L In FYP
11, the completion of the project is comprised of smaller blocks like communicating the
RF transmitter and receiver, interfacing the RF transceiver with encoder and decoder for
better data quality, the hardware interfacing between the PIC boards with the RF
wireless transmission block and coordinating the hardware using C language for the best

performance.

The process of completing the stages reflects the methodology of the waterfall model.
The waterfall model derives its name due to the cascading effect from one phase to the
other; with each phase is well defined, given the starting and ending point, with
identifiable deliveries to the next phase [17].

The following method best describes the steps taken in completing the project from the
middle stage towards the end stage, particularly for FYP IL
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Requirements |« ™
Verify
I___, Specification [«
Verify
L. Design ................ = <
Verify
I_’ Implementation
Test
*  Integration |
— % Development Test
-
Product
Deliverable | Demonstration | /

Figure 3.1: The waterfall method wsed for FYP completion

In the first stage, the requirements for the system were defined. With the researches
done, the problem statements were identified. Having clear statement of problems lead
to the description of the project objectives, in which the objectives are the most feasible

solution to the problem statement.
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After that, the syster specification is laid, taking into consideration of the pricing of the
components, the availability, the compatibility of use with each other, and also some

redundancy to mitigate any problems that may arise sooner or later.

The following stage is to design the circuits. This is also where the C codes are written
and being checked to ensure the circuitry designed is aligned with the pins defined and
addressed in the program.

Subsequently are the implementation and integration. Each board of circuits are
constructed independently and checked one at a time to ensure that every circuit
constructed on the veroboard is working fine. After each block is confirmed to be

working properly, then only the circuit integration, i.e. interconnection takes place.

3.2 DEVELOPMENT STAGES
The waterfall model is closely related to the development stages of this project. In the

first stage, the requirements for the system were defined. The initial system is outlined

to have the physical system according to the following diagram:

Yﬁ—- Antennas——*—PY

Vacuum A A Dot Matrix display
Fluorescent Display
RF wireless
o
Eg%gg;m (ransmission Receiver block
PD LIC gj Keypad
Transmitter block

Figure 3.2: Physical system of the project
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The problem statements were identified once the researches have been done. An outline
of the system specification is made, with the objective of achieving the wireless

transmission capability as the main objective of the project.

Keypad  |___.p Transmitter
Port BO-B7
PiC block
1{8F458
VFD L —
Data: Port DO-D7 ™
Control: Port C1-C3
Yy
Encoder
Port AQ-A3
Transmitter
Receiver
Decoder
Port AG-A3
YYYY
Dot Mafrix ’
Data: Port B4-B7 =] PIC
Control: Port BO-B2 16877
Receiver
block

Figure 3.3: System outline of the transmitter and the receiver block
After that, the system specification is laid, taking into consideration of the pricing of the
components, the availability, the compatibility of use with each other, and also some

redundancy to mitigate any problems that may arise sooner or later.

The following stage is to design the circuits of the transmitter and the receiver board, the

RF interfacing connections with the encoder/decoder pair to the microcontrollers, and
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the peripheral hardware to the microcontrollers using OrCad software. The circuitry

designed needs to take heed of a few matters:

To ensure that there is enough ports to cater for the peripherals, especially at
the transmitter side.

To ensure that the connections for particular peripherals such as the Vacuum
Fluorescent Display and the Dot Matrix Display are aligned with the pin
assignments in their driver C codes.

The electrical ratings of each component.

The power needed to power up both of the circuits.

Subsequently are the implementation and integration. Each board of circuits are

constructed independently and checked one at a time to ensure that every circuit

constructed on the veroboard is working fine. After each block is confirmed to be

working properly, then only the circuit integration, i.¢. interconnection takes place.

The system integration then witnessed the three stages of testing modes:

Wired 4-bit parallel checking, done by connecting both the
microcontrollers input and output pins directly without the intervention of

the encoder/decoder pair and the RT transceiver.

Serial data wired transmission checking, which involves the data
transmission from the serial data-out pin of the encoder into the serial data-in

pin of the decoder.

Wireless transmission checking by connecting the serial data-out pin of the
encoder to the data-input pin of the transmitter. The data is then being
transmitted wirelessly to the receiver, in which its data-output pin is

connected to the serial data-in pin of the decoder.
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33

TOOLS REQUIRED

Tools are not just the wire cutters and the long-nose pliers that help to bend the legs of

the components; they comprise of the major components, hardware and software

required to build the project:

3.3.1

Hardware

PIC18F458 is used as the transmitter microcontroller.

PIC16F877 is used as the receiver microcontroller.

The keypad

The Vacuum Fluorescent Display (VEFD)

The Dot Matrix display

RF transmitter and receiver module

External antennas

Digital multimeter

Warp-13 board (to program the HEX files generated after the C codes are
written and compiled. Only available at Microprocessor Laboratory and is not
feasible to be purchased: US$109)

Suitable power jack to power up the circuits from the socket outlet.

Figure 3.4: The Warp-13 programmer board [16]
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33.2 Software
e CCS C Compiler (this is where the C codes are written, checked for errors and
are compiled into the .HEX files)

e Warp-13 software (to erase and reprogram the PIC with the C codes compiled.
File extension should be in .HEX)
o OrCAD for the use of Schematic drawings and Gerber files creation
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CHAPTER 4
RESULTS & DISCUSSION

4.1 PROJECT FLOW AND ARCHITECTURE

The specific architecture of WiTrix is explained by the block diagram shown in Figure
4.1 and the operational flow chart shown in Figure 4.3.

By referring to both of the figures, the operation can be described by the following:
When the transmitter is powered up, the user is prompted with a welcome note,
informing which button should be pressed next, either Button A, B or C, with:
o Buiton A jumps back to the welcome note prompt, and prompts the user to
enter either A or B or C again.
= Button B displays the button functions of the keypad.
e Button C will direct the userg to press any number from 0 to 9 to view the

messages.

As soon as the messages are displayed on the VFD, the same message will also appear
on the Dot Matrix display. This is due to the parallelism employed during sending the
characters to the VFD, the microcontroller at the transmitter also sends a specific 4-bit
data to the receiver for the microcontroller at the receiver to identify and display the

message that suits the 4-bit data from the transmitter.

The messages can be entered as much as 20 times, and after that, the transmitter

program needs to be restarted back again by pressing either A, or B, or C.
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The 20-times iteration, however, can be escaped at any time before the 20™ jteration by
pressing Button D, and that the user will be prompted to press Button E to restart again

the program by pressing A, or B, or C.

Receiver

Transmitter
hoard

‘Transmitter Receiver

Dot Matrix Display

Keypad

Figure 4.1: The overview of the WiTrix operation

Figure 4.2: The final prototype of WiTrix
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Input from

‘ Input from
keypad

Press B-9

The same message i
displayed on DOT

Input from
keypad=20 x

Escape?
PressD&E

Figure 4.3: The flowchart of WiTrix operation
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4.2  PIC MICROCONTROLLER

Two PIC microcontrollers of different models are used for this project, namely
PIC18F458 for the transmitter block and PIC16F877 for the receiver block.

PIC18F458 is chosen to control the operation of the transmitter block since the
transmitter block is handling more hardware peripherals. Ports A, B, C and D of
PIC18F458 are almost completely occupied by the three peripherals (the keypad, the
VFD and the encoder). Therefore, a bigger space of memory to allocate the long C
programming is needed to control the peripherals and so to have a faster operation

compared to if the transmitter block were to use PIC16F877.

Table 4.1: PIC18F458 port utilization

Port Description
A0-A3 4-bit output to encoder
BO-B7 8-bit keypad
Ci1-C3 Control bits for Vacuum Fluorescent Display (VFD)
DO-D7 Data bits for VFD

Total ports used: 23 out of 33 1/O pins
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Figure 4.4: The transmitter board connection to the transmitter circuit and its peripherals

PIC16F877 is used to control the receiver board, where it is programmed to be able to

identify the input received from the decoder, and match the input with one of the 10

messages.
Table 4.2: PIC16F877 port utilization
Port Description
A0-A3 4-bit input from decoder
B0-B2 Control bits for Dot Matrix display
B4-B7 Data bits for Dot Matrix display

Total ports used: 11 out of 33 /O pins
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Figure 4.5: The receiver board connection to the decoder and the Dot Matrix display

43 COMMUNICATION MEDIUM

For this prototype, the RF Hybrid Transceiver pair from RFSolutions® is used as the
wireless communication medium. The transmitter and the receiver are respectively
connected to the HT12EF encoder and HT12D decoder from Holtek Semiconductor as

the interface with the microcontrollers, as shown in Figure 4.4:
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Figure 4.7: Interfacing circuit of the transmitter with HT12E (right) and the receiver
with HT12D (left)

As mentioned earlier, the encoder and decoder pair is used to interface the
microcontroller with the RF transceiver. At the transmitter microcontroller, the ports A0
to A3 are connected to the encoder pins of AD8 to AD 11. The encoder will receive 4
bits of data from the transmitter microcontroller according to which keypad button is
pressed. The microcontroller response to respective input from the keypad is

summarized in the table in the next page:
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Table 4.3: Transmitter microcontroller operating algorithm

Keypad Microcontroller output bits Vacuum Fluorescent
#pressed | Inputto PIC | A3 A2 Al AQ Display message
1 0x11 0 0 0 1 1. Available
2 0x12 0 0 i 0 2. Taken an MC
3 0x14 0 0 1 1 3. Out 4 a while
4 0x21 0 1 0 0 4. Not in office
5 0x22 0 1 0 1 5. Out to meeting
6 0x24 0 1 1 0 6. Lunch break
7 Ox41 0 1 1 1 7. Out- Site Visit
8 0x42 1 ¢ 0 0 8. 1-week leave
9 0x44 1 0 0 1 9. Leave your msg
0 0x82 1 0 1 0 10. Don’t disturb

The outputs from port AQ to A3 will then be channeled to the encoder for it to convert it
into serial data. Then the serial data produced will be channeled to the RF transmitter,

and be transmitted to the receiver side.

At the receiver, the received signal is converted into serial data, and is channeled to the
Data In pin of the decoder. The decoder will then decode the serial information into 4-
bit data. The produced 4-bit data are then directed to the receiver microcontroller input

pins of A0 to A3. The response of the receiver microcontroller is tabulated as follows:
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Table 4.4: Receiver microcontroller operating algorithm

Microcontroller input bits Dot Matrix Display
A3 A2 Al A0 message

0 0 0 1 Available

0 0 1 0 Taken an MC

0 0 1 1 Qut 4 a while

0 1 0 0 Not in office

0 1 0 1 Out to meeting

0 1 1 0 Lunch break

0 1 1 1 Out- Site Visit

| 0 0 0 1-week leave

1 0 0 1 Leave your msg

1 0 1 0 Don’t disturb

44 CPROGRAMMING

The C program is programmed into the PIC Microcontroller to control the inputs and the
outputs the microcontroller will give. The program for the transmitter is written for the
VFD to display the characters keyed in from the keypad and to send data to the receiver,
while the program for the receiver is written to wait for any input from the transmitter
and display the message accordingly to the input received. The C programs of the

project are included in the Appendices section.

On of the advantages of using C than Assembly Language is no requirement to program
each memory allocation while in assembly language, each memory allocation need to be
defined. Also, simple routines are the easiest to use for troubleshooting and initial tests

Other than that, debugging will be easier in C than in Assembly Language. The flow

chart on how to program a microcontroller is shown in the figure below:
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[ Open PIC C Compiler |

r Write Code

v

| Compile |

| Create HEX File J

v

f Open Warp 13 I

[ Choose HEX File |

v

[ Burn PICI6F877 |

Figure 4.8: Flow Chart to Program the Microcontroller
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CHAPTER 5

CONCLUSION

‘Wireless Transceiver for Dot Matrix’ can be categorized as a unique wircless
communication prototype. This project is built with the aim to develop a system that
utilizes wireless transmission to send messages to the dot matrix at the receiver block.
Through all the development stages and the organized planning, the project has
successfully met its objective in having able to transmit and receive data in wireless
mode. The completion of the transmitter board and its interfacing with the Vacuum
Fluorescent Display is completed in FYP I In FYP II, the focus is more to
understanding the operation of the encoder/decoder pair and the RF transceiver module,
integrating the whole hardware system together and completing the C program that is
able to control the flow of operation of the system. The main components of the
prototype: the microcontrollers, the encoder and decoder pair and the RF transceivers
have proven to be working smoothly although initially it was rather doubtful since the

three components are manufactured by different parties.

The interesting part of the wireless transmission used in this project is that, although the
signal transmission cannot be guaranteed to be 100 percent reliable, the signal
transmission in this prototype is fast and precise. The receiver displays the exact
message like what the transmitter displays, and the time interval taken for it to display is
tested to be mostly less than 3 seconds. Apart from knowing that the microcontroller is
doing a good job based on smoothly written C programs, the efficiency of the RF
transceiver pair is also clearly projected by the fast and accurate transmission. Also, the
use of the encoder-decoder pair has helped in converting the parallel data into serial data,

and vice versa,
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The major factors in terms of difficulties are constructing each of the board to ensure that
the electrical ratings are within the capacity of each components, and also to integrate the
boards altogether into one system. Good understanding of Circuit Theory, Analog
Electronics and Communication System are required to complete the project. On top of
that, programming skill especially in C language is very much needed to accomplish a
workable prototype. Good understanding in RF components and how the RF pair works
are also imperative in appreciating the technology behind the small chips.
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CHAPTER 6

RECOMMENDATION

The use of the system can be extended to a further distance. A larger receiver display can
be used for better applications. An enhanced keypad or a keyboard may be used to enter
the characters so that individual letters, numbers and characters can be typed to be sent to
the display at the receiver. The issue is of course, the budget for the project and also, the
duration for the project to be accomplished, in which both needs to be feasible since

project definition expansion will mean extra cost and longer deadline.
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APPENDIX A: The C Code for the Transmitter

S*TRANSMITTER PROGRAM
FOR MICROCONTROLLER #1
*/

#if defined(_PCM_ )

#endif

#include<18F458.h>

#include <vfd_guli2xl6g.h>

#fuses HS,NOWDT,NOPROTECT, NOLVP,NOBROWNOUT,NOPUT
#use delay(clock=20000000)

char data,data2, data3,scanner, scanner2, scanner3, second,run,datad;
char noﬂ:{ l()f; I f:12',l3l;4l’|5!,'6!,'7!,[8!3!9'};
int &, b,ij=0,k=0, Lm,n,p, g,tu.v, wy, X,C, I, z=0, delay=50,flag=0, flag2=0;

char light[1]=0x10;

void led _init();

void keypad_init();

void keypad_init2(};

void show(char display);

void characterdisp(char display);
void characterwrite(char write),
void controlfunc({char ins);
void menu();

void greetings();

void pressnumber{char type);
void readytoenter(),

void bigchar();

void upsmalichar();

void downsmalichar(};

void light_init(};

void getout();

void runpin(char exit);

/* ‘
keypad layout

O 1 1 1!

| I
rows2] | |

3L

0123
columns

kevboard layout

*/
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void main()

{
void led_ini);
defay_ms(300);

greetings();
light init();

while(true)
{

keypad_init(};
/delay ms(50);
}

}

void keypad_init()
{

scanner=0x01;
for(i=0;i<4;i++)
{
output_b{scanner);
scapner=scanner<<1;
delay ms(10);
data=input_b(};
if (data—scanner)

{
delay_ms(30);
}

clse

show{data);
delay ms{50);

H

void keypad_init2()

scanner2=0x01;
for(q=0;q<4;q++)
{

output_b(scanner}),
scanner2=scanner2<<l;
delay_ms(10};
data2=input_b(};

if (data2—scanner2)

{
delay ms(50),

else

{
pressnumber{data);
delay_ms(50);




}
void keypad_init3()
scanner3=0x01;
for(p=0;p<4;pt++)
{

output_biscannerd);
seanner3=scanner3<<l;
delay_ms(10);
data3=input_b();

if (data3==scanner3)

{
delay_ms(50);

else
{
runpin(data3});
delay_ms(50);
H
}
}
void led_init()
t

controlfunc( dispiayoff );
controlfunc(clear_display);
controlfunc{cursor_home);
controlfunc(entrymodeince);
controlfunc{cursor_left);
controlfunc{displayon);

}

void light_init()

{
for(j=0;j<21;j++)
{

light{jJ=0x10;
}
4

void show(char display) // from keypad_init
1

switch( display)}
case 0x81:greetings(); // star. BUTTON OK

flag=1;
break;

case 0x84:menu(); /! hash to display main menu. BUTTON OK
flag=t;
break;

case 0x88.controlfunc(clear_display);
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upsmallchar();

characterdisp("now press any no™);

delay_ms(100);

downsmallchar();

characterdisp("to view the msgs");

delay_ms(1000);

readytoenter(); // A to display output line. BUTTON OK
flag=1;

break;

}

void pressnumber{char type)/from keypad init2
{

switch(type)
{

case Ox11:++k; {/No 1
characterdisp("1:Available™); //11 chars
delay _ms(1000);
output_a(0x01);
flag=1;

break;

case Ox12:++k; //No2
characterdisp("2:Taken an MC"); /13 chars
delay_ms(1600);
output_a(0x02);
flag=1;

break;

case 0x14:++k; /iNo 3

characterdisp("3:Out 4 a while"); //15 chars
delay_ms(1000);

output_a(0x03);

flag=1;

break;

case x21:++k; /No 4
characterdisp("4:Not in office™); //15 chars
delay_ms(1000});
output_a(0x04);
flag=1;
break;

case 0x22:++k; /MNo 5
characterdisp("3:Out to meeting"); //16 chars
delay _ms(1000);
output_a(0x03);
flag=1;
break;

case 0x24:+vk; //No 6
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characierdisp("6:Lunch break™); /13 chars
delay ms(1000);

output_a(0x06);

flag=1;

break;

case Ox41:++k; /MNo 7
characterdisp("7:Out-Site visit"); /16 chars
delay_ms(1000);
output_a(0x07);
flag=1;

break;

case Ox42:++k; /MNo 8
characterdisp("8: 1-week leave™); /714 chars
delay_ms(1000);
output_#{0x08);
flag=1;
hreak;

case Oxd4:+k; No 9
characterdisp("9;Leave your msg"); //¥6 chars
delay ms(1G00);
output_a(0x09);
flag=1;
break;

case 0x82:++k; MNo 0
characterdisp("10:Don't disturb"); //16 chars
delay_ms(10G0);

output_a(0x0A);

flag=1;

break;

case 0x48: getout();
delay_ms(100);
flag=1;

break:

}

void getout(}

{
flag=0,
controlfunc(clear_display);
upsmallchar();
characterdisp("press E to exit");
delay ms(100);

downsmalichar();
characterdisp("msg seleciion”};
delay_ms(500);
while(flag=0)

{

keypad_init3();




}
flag=0;

}

void runpin{char exit)
{

ifidata3=0x28)

flag=1;
=20,
controtfunc(clear_display};
upsmallchar();
characterdisp("Press A,B or C");
downsmallchar();
characterdisp(“to start back");
delay_ms(5000);
Heontrotfunc(clear_display);

flag2=0;
H
H
void greetings() // dah ok
{

controlfunc(clear_ display);

delay_ms{delay);

upsmallchar();
characterdisp("This is an");

delay ms(500);

downsmalichar();
characterdisp{"FYP Project™);
delay ms(3000);

controlfunc(clear display);
delay_ms(delay);
upsmalfchar(};

characterdisp("Press A:Welcome™),
delay _ms(500);

downsmallchar();

characierdisp{"Press B: Menu");
delay_ms(3000);

controlfunc(clear dispiay);

delay _ms(delay};

upsmallchar();
characterdisp("Press C:Display™);
delay _ms(500);

controlfunc(cursor_left);

downsmalichar();
characterdisp("msg, send to Rx"};
delay ms(3000);

controtfunc(clear_display);
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delay_ms(delay);

upsmallchar();
characterdisp("vou can press");
delay ms(500);

controlfunc{cursor_left);
downsmalichar(),

characterdisp("A, B or C now");
delay_ms(500);

}

void menu(}

{

controlfunc(clear_display);

bigchar();

characterdisp("--MeNu--");
defay_ms(500);

controifunc(clear_display);
delay ms(delay);

upsmallchar();
characterdisp("BUTTON");
delay ms(500);

downsmalichar();
characterdisp("FUNCTIONS:"),

delay_ms(2000);
controifunc(clear_display);
upsmallchar;

characterdisp("0 - S:display");
delay ms(500);

downsmallchar();
characterdisp("the 10 messages");
delay ms{2000);

controlfunc(clear_display);

upsmallchar;

characterdisp("D:exit the msg™);
delay_ms(500);

downsmalichar(};
characterdisp("entering loop");
delay_ms(2000);

controlfunc{clear_display);

upsmallchar;

characterdisp("the message loop");
delay_ms(500);
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downsmallchar();
characicrdisp("is 20 times");
delay_ms(2000);

controlfunc(clear_display);
upsmatichar;

characterdisp("E: press to");
delay_ms(500);

downsmallchar();
characterdisp(“restart program™);
delay_ms(2000);

controlfunc(ciear_display);
upsmallchar();

characterdisp(” end of menu");
delay ms{500);

downsmallchar();
for(m=0;m<16;m++)

characterdisp{"-");
delay_ms(100);
}

void readytoenter()

controlfime{clear_display);
upsmalichar(),

for(j=0; j<20;j++)
{
flag=0;

while(flag=0)

keypad_init2(};

}
flag=0;

if{fag2==0)
{

downsmalichar(};
defay_ms(1000);
flag2=1;

}

clse

upsmallchar();
delay_ms(3000);

flag2=0);
controlfunc(clear_display},
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void characterdisp(char display) // with RS high
{
output_c(0x04);
delay ms(10);
output_c(0x02);
delay ms(10);
outpui_c(0x0A);, // setting only Enable(C3) and RS to Hi
output_d(display);
delay_ms(10);
output_c(0x02);
delay_ms(delay);
output_c(0x04);
}

void controlfunc(char ins) // with RS low
{
output_c(0x04);
delay_ms(10);
output_c(0x00);
delay _ms(10);
output_c(Ux08); // setting only Enable(C3) to Hi
output_d(ins), //send instruction
delay_ms(20),
output_c(0x00);
delay ms(delay);
output_c{0x04);
}

void bigchar(}

controlfunc(0xF2);
characterdisp("C'};
controlfunc(0xFQ);
characterdisp(0x0F};
characterdisp(0x0E);
¥

void upsmallchar(}

controlfunc((xF2),
characterdisp('B');
controlfunc(0xFO);
characterdisp(0x07);
characterdisp(0x07);
controlfunc(0x80);

e

void downsmallchar()

controlfunc(0xF0);

characterdisp(0x11);

characterdisp(Ox0F);

controtfunc(0xC0);
}
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APPENDIX B: The C Code for the Receiver

1%

C PROGRAM FOR RECEIVER PART
MICROCONTROLLER #2

*

#if defined( PCH_ )

#endif

#include<16F377.h>

f#fuses XT NOWDTNOPROTECT NCLVP,NOBROWNOUT,NOGPUT
#use delay(clock==4000000)

#include <LCD.C>

char from_tx;

void main()

led init();
while (true)

delay_ms(100);

from_tx=input_a();
if{from_tx=—0x01)
{
led gotoxy(1,1);
led_pute(" Availab!");
led_potoxy(1,2);
led pute(®™e ")

else if{from_tx==0x02)

1
led_gotoxy(},1);
led putc(Taken an");
led_gotoxy(1,2);
led_putc("MC  ");

else if(from_tx=0x03)
{
led gotoxy(l,1);
led pute("Out 4 a");
lod gotoxy(1,2);
led_putc("while ")
H
else if{from_tx==0x04)

led_gotoxy(1,1);
led_pute("Not in 0"},
ted_gotoxy(1,2);
led_pute("ffice ");

else if(from_tx==0x05)

fed_gotoxy(l,1);
led_pute("Out to m");
led_gotoxy(1,2);
led_putc("eeting ");
}
else if{from_tx=—=0x06)
{
led_gotoxy(1,1);
led_pute("Lunch br'");
led_gotoxy(1,2);
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icd_putc("eak ")

else if{from_tx==0x{7)

{
led gotoxy(l.1);
Ied pute("Out-Site visit");
ied_gotoxy(1.2);
Jed_putc(™ visit "); -

else if{from_tx===0x08)

ted_gotoxy(1,1);
ted_pute("1-week 1");
led_gotoxy(1,2);
led putc("eave ");
¥
else if(from_tx=—=0x09)
{
led gotoxy(1,1);
ted_pute("Leave yo");
led gotoxy(1.2);
led_putc("ar msg "),
3
else if{ftom_tx==0x0A)

fcd_gotoxy(1,1);
fcd_pute("Don't di");
icd_gotoxy(1,2);
led pute("sturb ");
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APPENDIX C: The C Code for the Dot Matrix Priver

}{The dot matrix driver program

#/ As defined in the following structure the pin connection is as follows:
/DO enable

#f DI rs

D2 rw

# D4 D4

/D5 D5

i D6 D6

/I D7 D7

/f LCD pins DO-D3 are not used and PIC D3 is not used.

/1 Un-comment the following define to use port B
#define use_portb_led TRUE

struct led_pin_gap § // This structure is overlayed
boolean enable; // on to an IO port to gain
boolean 1s; ! access 1o the LCD pins.
boolean rw; /1 The bits are allocated from
boolean unused; / low order up. ENABLE will
int data:4; // be pin BO.
} led;
#if defined(_ PCH_ )
#if defined use portb_led
itbyte led = OxF81 { This puts the entire structure
#else
#byte led = OxF83 /I This puts the entire structure
#endif
#else
#if defined use_portb_led
#byte lcd =6 // onto port B (at address 6)
#else
#byte lcd =8 // on to port D (af address 8)
#endif i
#endif

#if defined use_portb lcd

#define set_tris_led(x) set_tris_b(x)
#else

#define set_tris_led(x) set_tris d(x)
#endif

#define led type 2 i 0=5x7, 1=5x10, 2=2 lines
#define led_line_two 0x40  // LCD RAM address for the second line

byte CONST LCD_INIT_STRING[4] = {0x20 (led_type << 2}, Oxc, 1, 6};
/f These bytes need to be sent to the LCD
/ to start it up,

 The following are used for setting
/f the /O port direction register.
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STRUCT led_pin_map const LCD_WRITE = {0,0,0,0,0}; // For write mode all pins are out
STRUCT led_pin_map const LCD READ = {0,0,0,0,15}; // For read mode data pins are in
byte led_read_byte() {

byte low high;

set_tris_led(LCD _READ);

ledrw=1;

delay _cycles(1);

Icd.enable = 1;

delay cyeles(1);

high = lcd.data;

Icd.enable = 0,

delay_cyeles(1);

lcd.enable = 1;

delay_us(1);

low = led.data;

led.enabie = 0;

set_tris_fed(LCD_WRITE);

retun( (high<<4) | low);

i
void led send_nibble( byten ) {
{cd.data =n;
delay cyeles(i);
lcd.enable =1;
delay us(2);
lcd.enabie = 0;

¥
void led_send byte( byte address, byten ) {

led.rs=0;

while { bit_test(lcd_read_byte(),7} ) ;
led.rs = address;

delay cycles(1});

ledrw=0;

delay_cycles(1);

lcd.enable = 0;

lcd send nibble(n >> 4);

led send nibble(n & 0xf);

H
void led_init() {
byte i;
set tris_led(LCD_WRITE);
ledrs=0;
icdrw=0;
led.enable =10;
delay ms(15);
for(i=1;i<=3:++) {
led_send nibble(3);
delay_ms(5);

H
led send nibble(2);
for(i=0;i<=3;++i)
led_send byte(0.LCD_INIT_STRINGIi});

H
void lcd_gotoxy( byte x, byte y) {
byte address;

if(y!=1)

address=lcd line_two;
clse

address=0;

address+=x-1;

lcd send byte{0,0x80Jaddress);
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¥

void led_pute( char ¢) §
switch (¢) {
case ' :lcd send byte(0,1);
delay ms(2);
break;
case o' :led_goroxy(1,2); break;
case b’ :led send byie(0,0x10); break;
default  :lcd_send byte(l,c); break;
H

¥
char led_gete( byte x, byte y) {
char value;

led_gotoxy(x,y}%:

while ( bit_test(ied_read_byte(),7) ); // wait until busy flag is low
fed.rs=1;

value = led_read_byie();

led.rs=0;

return{value);
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APPENDIX D: The C Code for the VFD Driver

/i DRIVER PROG FOR VACUUM FLUORESCENT DISPLAY

Hi1if Standard Header file for the PYC18F458 device /NI

{41l Program memory: 16384x16 Data RAM: 1336 Stack: 31

110 33 Analog Pins: 8

A1 Data EEPROM: 256

I C Scratch area: 00 1D Location: 2000

Hititi Fuses: LP,XT,HS,RC,EC,EC_10,H4 RC T0,PROTECT.NOPROTECT,OSCSEN

Hiti Fuses: NOOSCSEN,NOBROWNOUT,BROWNOUT, WDT1,WDT2,WDT4, WDT8, WDT16,WDT32
HittH Fuses: WDT64,WIT128, WDT,NOWDT,BORV20,BORV27,.BORV42BORV45, PUT,NOPUT
Jiti! Fuses: CPRD.NOCPD,NOSTVREN,STVREN, NODEBUG, DEBUGNOLVE,LVE,WRT NOWRT
#11) Fuses: NOWRTD,WRTD,WRTB,NOWRTE,CPBNOCPB,WRTC NOWRTC EBTR NOEBTR
{1 Fuses: EBTRB,NOEBTRB

f

T O T T R T

/{ Discrete /O Funetions: SET_TRIS x(), OUTPUT _x(), INPUT_x{),

i PORT_B_PULLUPS(), INPUT(),
i OUTPUT_LOW(), OUTPUT_HIGH(),
i OUTPUT_FLOAT(), OUTPUT_BIT()

/t Constanis used to identify pins in the above are:

#define clear_display Ox{0i
#define cursor_home 0x02
#define entrymodeince  0x06
#define entrymodedece  0x04
#define displayon  OxOF
#define displayoff  Ox08
#define cursor_left  Ox10
#define cursor_right 0x14
#define fullbit 030
#detine hatfbit %20
#define lumin3 0x00
#define lumin2 0x(1
#define luminl 0x02
#define lumind 0x03
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APPENDIX E: Project Cost Estimation

Components Cost Per Unit Quantity Cost(RM)
PIC18F458 microcontroller RM 38.00 ($10)* 2 76.00
FM Transmitter, SIL Package, | RM 66.64 (£9.52)** 1 66.64
868 MHz
FM Receiver, SIL Package, 868 | RM 93.73  (£13.39)** i 93.73
MHz
Electrolytic capacitors RM 0.50 20 10.00
Dot matrix display RM 30.00 2 60.00
Ceramic capacitors RM 0.30 15 4.50
MAX232 +5V  Dual RS232 | RM6.90 ($1.80)* 2 13.80
Transceivers {16 pin DIP)

RS232 Connector RM 9.50 ($2.50)% 2 19.00
Voltage regulator 7805 RM 1.60 ($0.25)* 2 2.00
Heatsinks RM 1.60 ($0.40)* 2 3.20
Resistors RM 0.50 20 10.00
Diodes RM 0.40 8 3.20
20.000MHz Crystal Oscillator RM 1.20 (50.30)* 3 3.60
40 Pin Machine Tooled 1C | RM 4.00 ($1.05)* 2 8.00
Socket

40 Pin 100" Straight Male | RM 7.30 ($1.90)* 2 14.60
Headers

Solder bundle RM 10.00 1 10.00
Wires RM 2.00/meter 3 meters 6.00
Pushbutton switches RM 0.50 4 2.00
Keypad RM 10.00 1 10.00
TOTAL 416.27

*source: http://www.futurlec.com

*Conversion of currency: USD$1 = RM3.80

*%* source: http://www.rfsolutions.co.uk

*#* Conversion of currency: UK£ =RM7.00
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HEBLTEK#
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tiors of addresoes and dats gns in diffeent gackages
s 86 pair W T 2T sudes o enonders.

The deondirs reoaive dats trat ae tararitid by an
enoader ant irdarpest fre fesl N it of aode padad a3
Addrassas gnd P gzl 13- Wik as dala, whee Na Te
addrass coda forpder A Sgrsl an Tre DN e ackvakes
e cxelialer wdith i tuprr déondes the inaiming ad-
drems and due. The davodees will e dnad e ol
caived sddress Ihfes Yooz oarirnicusl. ¥ e reosivad
adifess cabas Al rratel Bre ointeds of e deodes
Il antdras s, the 12-ME of detaare decsded 1adei-
waka T datpd pics andd e T pier s wed Bigh B iiudicade
a valich Panarmssion, This Wil (A9 uweegs T address
cE 1E Rrras] & 0 signal iz reodeed,

Trha aulput of Tre VT gin i figrranly siees Seelrararis-
e 15 vat, Dfdreisa itia alwaysion.

DA Yy po

O e 2% e of decoders, B HT1ZF ras no day
bt vy fud i VT pin can Be ussd as a rarmartay
data Ui, The MT120, an the ot rand, grewides 4
latd fypa date pins winse dalh rernain urdnamnged unkl
P dhak e et

Flowshart

The &sdllaler 15 disatbad in e stardhy siale and 304-
watked when @ logie Figh sigeal aymfes 1o e DI g,
Triad i5 % sy, $e AN ahbuld fe kep! ow it Trem iEna
sHnal Inged.

Part | Dabs | Addiesy | Dulpt | Opersting
N, | Pl Pinx Typu Yoltage
HIZ2D 4 a Eatfr AN
HI13F ] 12 ZAWV-12W
Duscoder liriing
Eropcer
Tarariai !
Eralio

— | = Twxe

Erchady
3L I ‘ l
P 4wors —»j " J— %ﬂﬁﬂ' —eblb— 4 worcs — .
[ 3 o = jotte] 2 docks
CRaier T | |
- dreck —m |- crecc -~
LI EG 8 5
P D F £

Fev, 1,10
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APPENDIX G: HT12E Datasheet

HOLTEK

HT12A/MHT12E
2" Series of Encoders

Features
o Dpecating willage
ATy har Tre HT 124
ZAY 1 oy Bre HT1EE
= Lty poiaar anid Frigh naise ifpevasily TMOS
webnoeygy
w B sbaredbae oueracr] 0.7 ek R ) ol g - 5W
= AT13AWIT & JEHZ carree o pleavend Yarb i SEGn
rrwsellim

Applications

»  Burgles #arrn sy

o Sepckon g Tiw alaren s Sk
= farage dagr cenkoliers

v ey eorkillans

Genaral Deseription

e 22 eonders g a weresof ©WOS LBs for rénvte
reatel ytarn agplic aioes . They oo fapahle ot arond-
iy K Rnhae ol ooEEls Of M adieess 0its ane

123 dats s, Dad abdrasaidata irgrat oo e s 1o

afe o Fe mn logic olates. Thé rrogramedsd ad-
dresaeaklata ave Yaneited Yogete with ha hdader

Selection Tabig

AT YArSeEEEI O Wi

Fag womnts Yor fe HET12E

Cerex weired dar the HTT2A
w Budl-n asalisa maeds ool 5% regsis
= Dats eode has pogive oty
~ Minirngl axernal aorrgenems
= Pay with oo s 2'7 saries of decuders
= t3pia 0P, Z0-gr SOF mdags

= Car danr syiten

= Secarity wskm

= Cortless harhiones

= Dby reriete carkal gyshanns

mwisia ar BRF or aeierrared gy s sian raediur agn
reript o & VigaRr Signal, The sapailit ¥ seleta TE
shgger & fie HTT2E ar a DATA triggar on e HT12A
furtier enfaoes Bre applicaton Sednilitgal e 27 s
few ol enceders, The MT1ZA addfondly prawdes 3
3AuHE sarder ko rbared Seakens.

Funclion] g pg ' .
wf res | Ad deesd ) " . Cartier | Negalive X
Pt M;'“‘- oy Duks Ncr, Dy b [Oucillaior] Triggor Outpul | Palarity Pau ko
) a55KHz | _ . —
HT1ZA 2 2 o RIp— DA 1 JdH2 Na 1ADRE | 2050 P
HIMZIE a 4 ) ) Fe Ha Pt 130IP, ZIS0P
aeniigior
Mot Adkbeasstlota papsaserts gos i o8 e it adieess o Sl avosaling b e aonhicaaio raquininent.

Ray, 1.1
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Hna;rsr(#*'

HT12AHTI2E

Pin Dascription

T I Irde rush i
Pi Maire | 1D Conradion Dageriplion
AT N SRS T Puli-Fagh Frodi pins i addree s AD~A7 sa%ng
AR H
iR AN Thrase pir can e exierraly 9ol 0 WES & Btlopen
HMEES TRANSMISSIIN
TSATE PFROTECTION
DIOUE {HTTZE?
1] 121 =
e WMOS TRANSMISSION | e fer addres iats ADE~ADH sating
ADBADRTL | 1| SATEPROTECTION [or  r e xermaly 36t 1 VS5 o mfl saan
O T 2ES &3 @i i L Tty T et
vl g Tor dats DE-DT 1 selig and irnenision ahatie. active
C3~11 i TS 3 Pyl it
T2 oy rg; ot e axbemathe 3a o VR o hat oo doae Mok
BOLT 3 CWOS auT Ermondar dats sedal Yarrn ssion sulpot
_ LatchMarivaniary lansisale Setnd seiedtan ai
[ ] OIS N Pull-aih Bt Floating of VDD
Marmariary V85
TE § CMOE N Palbragh TearsMEss aridhls, Solive o tsws Nole)
Q501 H SSULIATIR 1 Dt gt gt
fu s T ] OECELATIR 1 Tadilalr odpet pie
X H THHSRAATOR 2 450kHZ restrdle aasliaby input
AZ ja DECELATOR 2 4550Hex rasend oRaliabio aatgeil
Vo5 1 Hragativg g upply, gicund
WG i Pomive pawar sugpy

Moda:  DE~DH are o e gl and tanwalneion enakbie pins of e HT12A.

TE 16 & Yarsee asion andile gt ol the HT12E,

Appresiiriate el Connactiong

HMOS CHOS i g £y cenpy 1 AT
TRAHSMISEIN Pttt s Ut QELILLATOR 1
BATE
Ef———-- - "
0 - = D_E_lirmgm
— T P U _‘f:

OECILATIR 2 HMIDE TRAMSMISEON SATE

FROTECTION DIODE

S i
.,
i [—[ ‘)_.#LE—D

P, 110 3 Sarivary . 20303
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APPENDIX H: Transmitter and Receiver Module Datasheet

FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
HyBsRID MODULES. FM-RRFQ SERIES

# M Eadio Transmitier & Recelvars
¥ Ayailable As 315 or 233 or 25504z
Transnt Rarge Up To 250m
Miriawre Packages
Tata Rale upto 8§ E¥bes BTEG
* M3 Adiustable Components
®  ery Suabla Opetziing Fregquency
®  Oneraes from 20 ko a5
Transmitier

* 352 SBupply Vohags
® Il er 9L Pachage

Receiver

® 2| [ KTAL Gesign

®  SMOSTTL Cuips

& DSE Jukput

*  Srandby Modez jmax 100nA)
»

AV Supply Walkage

Applications

*  Wiraless Saoury Systems
Car Alarres

Ranoe Gate Contals

Rarsae Zensing

HRFI2

Taza Saplure

o & 0 » &

Sensar Reporting

Degecription

These ministara BF modites provide a cost effentve high performance Fid Radio data fnk, at either 215,
A32.92 or 9880z, Wanufeoiured ssing laser Wmmed Thick Fim cersmic Hybrd ‘he modules exhibits
sxfranely sabla slecironic charactetistios ower an Industrial Temperature rangs. The hybrd tachnology uses
na adjustable sonponeris snd ensures very rafiable oparation.

This transreitter and receiver pair enailes the «'mple 'mplemeaatation of a data Iink st distances upta 75 metres
in-buiiding and 250 metres oper ground.

These modules will suit ane-ro-one and muki-ngde wirsless lirks n applications inchuding zar and buitding
sesurty, SP0S and inventory trasking, remat2 industrisd procass monioring and computer reWOTKIng.
Becsusa of thair smaf size and tow power raguiremants, both rmodules are idesd for use *n portabie, battens
powaned apoiinations suck as hand-neld terminals.

Oo0E3T May L4 52034 Req. Rz 227 4200, Ergiard SzE 1
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€4
oA\ ¢ FMTRANSMITTER & RECEIVER FM-RTFQ SERIES
p HYBRID MODULES. FM-RRFQ SERIES

Transmitters

Thera are ‘wo versicns of transmitter:

RT=2: & Dualin Lire Fackage ooe-afing at 3.2%. This provides the most rugged mecharical fiong ta
the host FCB. Power Down moce is alsc avaidabla.

RT=32; A Single 'n Lin2 Packaga insorporating a voltages rege ‘ator for 3-124 operation. (Compatible
with many athar RF transmitier modules availabia)

Transmitter Block Diagram
. Al _—’ L:ltn !t_‘;-:uu‘ (] Fowm

X

€a
Part Numbering
Part Numibar Liascrigiion
Fit-RTF2Y-21E DL Py Transmeer Modute 215 Mhz
FR-ETH2 <133 = FM Trarsmitar oduia $23.52 MEZ
FH-RT=G1.-353 . B Trarsmikar Modua 888,35 M-z
FN-RTERE-432R i FM TrareTiier Modue 42532 1AR2 212V 1P
FY-RTFRZ-E53F % _ FM Trarsmilter Modua §55 23 Mz 212w 0P
Receivers
Thara are ‘wo wersions of reesiver
ARFG: A Birgle in Line Facksage with elesp / Fower down mode.
RIAFLCX A Zirgle in Lire Packags, pn compaible with many other raceivers

Receiver Biock Diagram

Part Rumbering
Part Mumbat Dascription
Fhl-SRF21-313 5IL Fi¢ Raceiver Moduie 315 42
Fid-3RFQ1-423 ZL =N Reoelvar Module 423.97 WHz
Fhi-IRFQ1-258 2| =% Reoslvar Module 2€3.35 MHE
FM-SRFLI-423 2L 7\ Recetvsr Madule 433.92 MHz
FA-RRFG2-253 2L T Recalver Module 363,35 MHE
S T
20697 May Od 42002 Rag. M2, 227 $20°. Ergand Pzqz2
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FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
HYBRID MODULES. FM-RRFG SERIES

RTFO1 Mechanical Dimensions

253 Leyowr Feqorarani r.___.e‘?ﬂ__.l-
i E AL bl TA s
.. TCR Y AW .IE
. Sampsnents fyimmm IR
R Urcemesn; g FI Cimeazsrs
z = J.25rm X JETm M
E | | &

RTFQ2 Mechanical Dimensions

B3 Layg Asqoneratts

Hag, s Trcomss mm

s EE ] : L Spne 3 'R
i el el YT TN =i Clmansgrs
23, s L II l ] ] o 2cmm ¥ 3.5Em
I pacng |z iy
Pin Dascription
RFE fIFEz Hagw Dagcription
1 (¥ =] Enatiia (ackwe hgh
2 3 N EENE
3 1 Sh Ground. Connect b JF g300 teture: gt
4 3 it SUHEpN Voltaps
£ ) k2 wirgund, Connect 15 BE a0 /i, oar
£ 2 Ea Extarnai AFEng
Technical Specifications
Ehacirical Characisristics MIN TYPICAL MAX DIMENS [ON
| ZoapRy \oate RTPQRY 2.1 a3 i Y
SupDiy Woitaps RTPRS 25 1203 '3
SUpEEY CUrmenk 7 E [
Ay Tomeni £ = Eh w Lol 1050 [
FragIecy | Aiged
RE Cutpa g SCE wno=3.340 CST.
Nzl FrEgUEney Aoty -7 433 KHZ
F12 Baelsmor 2= 3 ¥Hz
HEMEQe BRamois SIESsnIs dic
{ inpul High Yosage BTG 1.5 30 o
1 ingyl High Votage ATEGE 1.3 2.5 Y
Posal up Tira JEn o ey 3 i ng
POWET LD TIMe JFaARr on 10 B AR < m3
fax Dats Rale B KHZ
Cpaating Tawperalire -28 +E 'C
Da0EdT May b LA B2, o 227 4207, Trgl A0 ¥
TEDT Ma 634 Rz, Mo, 227 4304, Ergiard a3 CE
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*
9 ) 4 FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
N HYERID MODULES. FM-RRFQ SERIES

RRFCO Mechanical Details

e 30T 1 g : arr
{ N P - pt T
: ; IS
: . . ;
LomplswE Sale | |irsmr
H

RRFO2 Mechanical Details
[N

Lapypermr Saix S 5 b
f !
EL P T
w '“'Tl{rluj‘r f‘m Fan ER TR mrie
e AT ST
2 ErEY
Pin Description R&&! Qutput”
RAFET { RARFEZ Pin Description FF i dBim RESE[V]
1 i LT -1 20
2,701 215 GrD -170 1.32
3 ¥ D353 M iAREDRIS: ~1Ld 1.53
12 [viel =30 1.73
13 id Facelvad Siengt Streralh Cuiput =11] 2,85
A 3T A= Sritpit 0 2.3
12 1% Ei3h Sut ~E 252
15 [ EayEr Dowr ~=0 250
O weZan 3k =48 aFE
5} w CORIGING

RSS! Cutput

The RSS! provides 3 DL Yohage propottona to the peak vaus of the recaive data signal. This output osn be
uesed as an indicator for the received signal strength o use in wake-up sipcuits et

An BC eireuitis normally used to provide the teing for the R531 signat. The modiu‘es hava 3 10nF canashar
internally scnmected fo GMD, therafers 2 pull down resistor Tie GNDY sannecied o the R3] pir may be used
to generate 3 simple RS newwork tima consian: for the RS2 sigral outpul.

Pleass not= that the marimum autput currert is yrissly 55CpA. fhe dischargs cument is lower than 2pd

- -
C20ES-T May Td 32034 Rag. M3 257 4361, Srgard g £ l@l % c E
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