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ABSTRACT

Traditionally, after the harvesting of padi, the people will rejoice and take part in
kite-flying sport, when farmers have spare time to decorate and fly these Wau. There
are many type of Wau in Malaysia and it controlled by human using a rope to control the
movement of this Wau. The purpose of this project is to control the Wau without using
the rope. It will be control by using remote control. A remote control system for
providing a remote control signal for controlling a device from a distance. This project
involving hardware, software, and electrical sub-systems. The hardware required
includes a flight vehicle, which is a commercial remote control.. The software systems
on the ground must transmit commands, and the software in the air must process
commands and data to stabilize and fly the Wau. The electrical subsystems include
micro-controllers and computers required to support the software



ABSTRAK

Kebiasaannya, selepas menuai padi, petani akan bergembira dan mengambil
bahagian dalam permaianan laying-layang atau Wau yang di reka dan dibuat sendiri. Di
Malaysia, terdapat pelbagai jenis Wau dan Wau tersebut akan dikawal oleh manusia
dengan mengawal tali yang telah diikat pada Wau. Jadi, tujuan projek ini adalah untuk
menaikkan dan mengawal Wau tersebut tanpa menggunakan tali sebaliknya ianya
dikawal dengan menggunakan sistem kawalan jauh. Projek ini terdiri daripada
perkakasan, perisian dan sub sistem elektrik. Perkakasan termasuklah Wau dan sistem
kawalan jauh. Sistem perisan bagi alat kawalan jauh akan menghantar arahan dan
sistem elektrikal pada Wau akan menerima data dan memproses data tersebut untuk
membuatkan Wau terbang. Bagi sub sistem elektrik pula, terdiri daripada mikro kawalan

dan computer
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CHAPTER 1

INTRODUCTION

1.1 Background

This section explains details about an overview of project, problem statement,

objectives of project, scopes of project and thesis outline.

1.2 Overview of project

Traditionally, after the harvesting of padi, the people will rejoice and take part in
kite-flying sport, when farmers have spare time to decorate and fly these Wau. There
are many type of Wau in Malaysia and it controlled by human using a rope to control the

movement of this Wau.



The purpose of this project is to control the Wau without using the rope. It will
be control by using remote control. A system comprising: a remote control system for
providing a remote control signal for controlling a device from a distance. A controller
is a hand-held device that sends radio signals to the radio receiver in the Wau Controller
to tell it what to do. The controller is also called a transmitter because it transmits signals
that control the movement of the Wau. For this project, the remote control used two
joysticks to control the Wau. The controller is also described based on the number of

actions or channels it controls.

1.3 Problem Statement

The Wau usually controlled by the user using the rope to control the movement.
The problem is while the strong wind coming it is difficult to control the Wau and the
rope that control the Wau easily cut off. The Wau also playing only while have the wind
to make it up and move in right or left direction. The solution for this problem is
designed the Wau that controlled by electronic controller.

1.4 Obijectives of project

The kind objectives of this project are to make the Wau flying by using
electronic controller that controlled by user. Besides, the Wau also can go up and down

and turn left and turn right.


http://rcvehicles.about.com/od/glossary/g/receiver.htm
http://rcvehicles.about.com/od/glossary/g/channel.htm

1.5  Scope of project

The scope that used in this project includes two parts which are transmitter and

receiver.

1.5.1 Transmitter

In this project, transmitter used to transmit the digital signal from the device.
Transmitter will modulate the signal and send this encoded value to the receiver via an

antenna.

1.5.2 Receiver

Receiver used to receive the signals that transmit from transmitter by an antenna.
Receiver have to amplify a low level signal as received from antenna, demodulate the

signal and amplify the base band signal to a level power.



1.6 Thesis Outline

Chapter 1 explains the background of the project with it is an overview of
project, problem statement, objectives of project and scopes of project. The transmitter

and receiver are the main essential in this project.

Chapter 2 focused on the literature review. All information from journals, books
and sources from website that have some attachment to this project are used as a
reference to guide and help completing this project. Each of this part explains based on

this finding.

Chapter 3 explains and discuss about the methodology that have been used in
order to complete this project. There are two parts in this chapter which are hardware
implementation and software development. The discussion will be focused on circuit

design.

Chapter 4 discussed about the result obtained and limitation of the project. All

discussion is concentrating on the result and performance of the device

Chapter 5 discussed the conclusion of development of this project. This chapter
also discusses the recommendation for this system for future development or

implementation.



CHAPTER 2

LITERATURE REVIEW

2.1  Background

This chapter focused on the literature review for each component in this project.
The entire component is described based on the finding during the completion of this

project.

2.1.1 Helicopter controller

This project is design basically from helicopter controller. As we know the
speeds of helicopter controller is fast but for this project will modified to make the Wau
operate or function with smoothly movement. It is because the project perpetuates our
nature Wau although it is used modern technology. This applet models a high-attitude

take off motion of a Wau with a modal controller. The X, z-axes of the spatial frame are



pointing north and down. The body x-axis is defined from the center of gravity to the
nose of the Wau, and body z-axis is pointing down from the center of gravity. The
motion of the Wau is controlled by the main rotor thrust, and the longitudinal tilt path
angle. Flight modes represent different modes of operation of the Wau and they

correspond to controlling different variables in the dynamic.

The infrared (1.R.) sensor works by using an I.R. led to emit a series of pulses of
I.R. light. A sensitive circuit using a photodiode detects this signal as reflected by an
obstructing object the robot might encounter. Comparators then process the signal and
provide the logic for reversing the left motor. The existing robot kit is hence an
excellent baseline circuit to which the microcontroller is added and provides a number of
pieces of circuitry required in the final version of the robot: the I.R. sensor, motors, and

associated driving transistors for the motors.

Wau can make a flight by rotating the main rotor, with the wings (blades) thereof
adjusted to a certain attack angle, thus producing a lift. The steering is performed to
four-axis control directions including roll, pitch, collective pitch, and yaw. The roll axis,
the pitch axis, the collective axis, and the yaw axis are controlled by adjusting the rotor
pitch angle of the rotating plane of the main rotor of a Wau. For this control, a swash
plate, which is disposed coaxially on the rotating shaft of the main rotor and of which

the three axes have the degree of freedom, is controlled by means of servomechanisms.

A steering control device suitable for a radio-controlled model, comprising a
receiver for receiving three steering signals serially transmitted from a transmitter and
demodulating the signals, and then outputting three servo control signals, said three
steering signals including a roll steering signal, a pitch steering signal, and a collective
pitch steering signal, said three servo control signals including a roll servo control
signal, a pitch servo control signal, and a collective pitch servo control signal, a
controller for mixing as manipulation signals for three axes of rotation, said three servo
control signals output from said receiver and then outputting three servo drive signals for

the three axes of rotation, said three servo drive signals including a roll servo drive



signal, a pitch servo drive signal and a collective pitch servo drive signal; a synchronous
circuit for synchronizing said three servo drive signals output from said controller and
outputting said three servo drive signals in parallel; and a roll servo mechanism, a pitch
servo mechanism, and a collective pitch servo mechanism, which are controllably driven

respectively by said three Servo drive signals.

2.1.2 Transmitter and Receiver Concept

A transceiver is a device that has both a transmitter and a receivers which is
combined and share common circuitry or a single housing. If no circuitry is common
between transmit and receive functions, the device is a transmitter-receiver. The term
originated in the early 1920s. Technically, transceivers must combine a significant
amount of the transmitter and receiver handling circuitry. Similar devices include

transponders, transverters, and repeaters.

2.1.3 Frequency Allocation Concept

The electromagnetic spectrum is an aspect of the physical world, like land, water,
and air. It is a resource, limited by its usability. Use of radio frequency bands of the
electromagnetic spectrum is regulated by governments in most countries, in a process
known as frequency allocation or spectrum allocation. Like weather and internationally
traded goods, radio propagation and RF technology do not stop at national boundaries.

Giving technical and economic reasons, governments have sought to harmonies


http://en.wikipedia.org/wiki/Transmitter
http://en.wikipedia.org/wiki/Receiver_%28radio%29
http://en.wikipedia.org/wiki/Electronic_circuit
http://en.wikipedia.org/wiki/Transponder
http://en.wikipedia.org/wiki/Transverter
http://en.wikipedia.org/wiki/Repeater
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Radio_propagation

spectrum allocation standards. As a matter of physics, many objects and actions
generate low-level, wide-band radiation. The frequency allocation process traditionally

has not been concerned with many types of radiation.



CHAPTER 3

METHODOLOGY

3.1 Background

This chapter discussed about circuit designed and components used to complete
this project. The discussion will be focused on transmitter circuit that contained the
joysticks, microcontroller, RF module and an antenna used to transmit a signal. For
receiver circuit will focused on an antenna used to receive a signal from transmitter,

microcontroller, RF module and servo motor.

3.2 Hardware Components System

The overall system configuration is briefly represented in this section and the

hardware used in this research and the physical integration of the components are also



described This project has two circuit which are circuit for remote control system, also
called transmitter and circuit for Wau, also called receiver. Remote control system will
control the Wau by sending the signal to the Wau. This system has two channels
movement means first channel used to control up and down movement and second

channel to make the Wau turn left or turn right.
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Figure 3.1: Basic block diagram of the project

Block diagram above shows that the joysticks will give command in analogue
signal and then microcontroller will convert these analogue signal to digital signal and
transmit these encoded value to the receiver. The receiver receives transmitted
commands and decoded this value. The output signal then used to drive repetitive servo
motor.
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Figure 3.2: Contents of the integrated controller

The controller board must use PWM signals. Generating PCM signals would
require more work, especially if proprietary encodings are used. The controller board
also must expose the multiplexed PPM signal between the FM radio receiver and the

demultiplexer, or at least the PWM inputs to the motor ESCs.

Channel Usage
1 Right servo
2 Front servo
3 Main motor (internally connected to the power/gyro board)
4 Tail rotor (internally connected to the power/gyro board)
5 Unused
6 Left servo

Table 3.1: RC receiver PWM outputs



3.2.1 PIC Microcontroller

The PIC 16F877 8-bit microcontroller was chosen to obtain the analog data from
the joysticks in transmitting section and control the motors on the Wau. This
microcontroller has a 25 MHz processor, 33 input/output (1/0) pins, (8k*14words) of
Enhanced FLASH program memory, (386*8bytes) of RAM, (256*8bytes) of data
EEPROM. The PIC does not have an operating system and simply runs the program in
its memory when it is turned on. This PIC microcontroller has several hardware features
that are very useful for use in a Wau and simplify the interfacing of sensors and motors
with the microcontroller, such as an analog to digital converter (ADC), interrupts,
timers, and capture/compare/pulse width modulation (CCP) channels. Figure 3.3 show
the PIC16F877 pin configuration.

40-Pin POIP
1
Welivsr —=[1 S/ 40 [J=—= RE7PSD
RALAND a—e[]2 39 [] +—s REEPEC
RATIANT =—e[]3 33 [] = RES
RAZANIVREF-CVREF = [ 2 37 []=—s RS54
RAIANIVAER+ a5 35 []+—s RSUFEM
RASTOCKUCIOUT w—e 35 [] w—s RS2
RASANASEICIOUT -7 4 3 [Je— RES
RENRDIANS =— 3 = 23Q=— REDINT
REIWAMME =—=Ha £ 22+« vm
REZCSANT —=H10  $ 31 [ =—ss
voo—e 11 B 30 [J=—= RD7RIAT
ves__ w12 % 29— RDGPIPE
OSCTCLK — [ 13 5 uh—— ROSIPSPS
OSCUCLKO «——[J14 £ 27 [J=—s RD4PSPS
RCNTIOSCTICK =—e[]15 25 [] =~—s ROTEXCT
REATICEICCR? o[ 16 25 [] =—s RCATHICK
RCZICCRT a—e [ 17 24 [] a+—s RCIE00
RCASCKISCL =—e[] 18 73 [Ja—e RCASDNSDA
(it —" BT 22 [ +—s RO3PSP3
ROA/ESR =—e[]20 21 [J=—s RO2P5P2

Figure 3.3: PIC16F877 Pin Configuration



3.2.2 Transmitter Receiver Modules

A pair of TWS/RWS 434 transmitter receiver module interfacing microcontroller
is used to send and receive data between the ground station and quad-rotor. Two
433MHz whip style antennas are also used in the set up for long range detection. The
TW-434 outputs up to 8mW at 433.92 MHz. It has an operating range of about 400 ft.
outdoors, or about 200 ft. indoors. It can go through most walls. The operational voltage
varies from 1.5 to 12 V and it accepts both linear and digital input. Figure 3.4 below

shows the schematic of the transmitter with it is pin specifications.

TW2-434a EF Transmitter

Pin -1 Gnd
Pin - 2 Data Input
Pin - 3 Yoo

12 3 4 [ Pin-4RF Output

TTTT

Frequency: 433.92MHz
Modulation: AM
Operating ¥Yoltage: 2 - 12 VDC

Figure 3.4: RF Transmitter Schematic

The RWS-434 receiver also operates at 433.92 MHz with an operational voltage
of around 4.5 — 5.5VDC. It sensitivity is 3 uV, and it can have both linear and digital
outputs.  Figure 3.5 below shows the schematic of this receiver with the pin

specifications.
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45.5 nen .

& - Pin—1 Gnd

Pin— 2 Digital Data Output

105mm || TUMING —= O Fin— 3 near Output
1 2 3 4 5 B ¥ 8 Pin—5 %co
Pin— & Gnd
-I .Il T T 254 mm -I- .Il T T Pin— 7 Gnd
-

Pin— & Antenna Capprox 30 — 35 cm)

Frequency: 433.92MHz
Modulation: AM

Operating ¥oltage: 4.5 - 5.5 WDiC
Output: Digital & Linear

Figure 3.5: RF Receiver Schematic

The modulation type for this module is Amplitude Modulation (AM). Amplitude
Modulation is the process of changing the amplitude of a relatively high frequency
carrier signal in proportion with the instantaneous value of the modulating signal.
Amplitude Modulation is a relatively inexpensive, low quality form of modulation that is

used for commercial broadcasting of both audio and video signals.

3.2.3 Joysticks

In this project, only the two sticks are used on the remote control. The sticks that
used are potentiometer joystick. The sticks will give command in analogue signal. The
right stick is used to control the collective (up and down) by moving it up and down as
well as the rudder (yaw left and yaw right) by moving it left and right. While the left
stick controls the cyclic left and right by moving it left and right. Moving the right stick
up and down actually controls two things which are the collective (pitch on the main
blades) and the throttle. Depending on how fast the Wau is going and in which

orientation it is flying, the controls behave differently.
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Figure 3.6: Potentiometer Joysticks

3.2.4 Joystick Control Method

This section shows the control method of joystick. The control method included

ascend, descend and steering.

3.2.4.1 Ascend

When the stick (throttle stick) was pulled up, the spinning speed of the main
rotor blade is increase and the Wau begin to ascend.



3.2.4.2 Descend

When the stick (throttle stick) was pulled down, the spinning speed of the main

rotor blade is decrease and the Wau begin to descend.

3.2.4.3 Steering

When the right stick (rudder stick) is moving to left, the head of the Wau turns to
left. When the right stick (rudder stick) is moving to right, the head of the Wau turns to
right.

3.2.5 Antenna

An antenna is a metallic conductor system capable of radiating and capturing
electromagnetic energy. The antenna is the medium to interface between two media to
send and capture the signal. It is important in communication path. Antennas are also
used to interface transmission lines to the atmosphere, the atmosphere to transmission
lines, or both. In this project, both circuit used an antenna to transmit and receive the

signal.

In essence, a transmission line couples energy from a transmitter to an antenna
and an antenna to a receiver. At the transmit end of free space radio communication

system, an antenna converts electrical energy traveling along a transmission line into



electromagnetic waves that are emitted into space. At the receive end, an antenna

converts electromagnetic waves space into electrical energy on a transmission line.

In this system, transmitter is connected to receiver through transmission line,
antenna and free space. Electromagnetic waves are coupled from transmit to receive
antenna through free space in a manner similar to the way energy is coupled from the

primary to the secondary of a transformer.

A basic antenna is a passive reciprocal device. Transmit antenna must be
capable of handling high power, therefore, it is constructed with material that can
withstand high voltages and currents. Receive antenna produce very small voltages and

currents and it is constructed from small diameter wire.

3.2.6  Servo Motor

Servo motor is a system that consists of DC driver motor, rotor and blade. This
kind of servo motor was chosen according to the torque means have high torque at all
speed. A servo motor also must capable of holding static or no motion position.
Besides, a servo motor also must be able to reverse direction quickly. Otherwise, a
servo motor must be able to accelerate and decelerate to reach a position or rate of speed

quickly. A servo motor as shown in Figure 3.7.



Figure 3.7: Servo motor circuit consist of DC driver circuit, rotor and blade

3.2.7 Servo Control

A brushed DC motor is a very simple device to control. Pulse-proportional
servos are designed for use in radio-controlled (RC) cars, boats and planes. They
provided precise control for steering, throttle, rudder, using a signal that is easy to
transmit and receive. The motor speed (RPM) is directly proportional to the voltage
applied across the terminals. The motor torque is directly proportional to the current
flowing through the motor. Motor voltage can be easily controlled by using a PWM
switch to chop the current to the motor proportionally to the desired throttle setting.



The processor is PIC16F877 with 8 channel PWM signal output. It can
command 8 servos at the same time with RS-232 serial port. PWM signal is used
extensively on DC servo control, such as the hobby model DC servo. The signal
consists of pulses ranging from 1 to 2 milliseconds long, repeated 60 times a second.

The width of the square wave decides the horn of the servo oscillating angle, and
the wave width is described according to the continuous time. When the width of the
square wave equals1.5 millisecond, the horn of the servo keeps on neutral position,
45degree angle. The width of square will change from 1 to 2 millisecond, and the horn
of servo will rotate amount 0~90 degree angle. The servo positions its output shaft in

proportion to the width of the pulse, as shown in Figure 3.8.

1.5ms

1
SEMV0
'3{ centered
—"
1ms
RN
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I 457

2ms

—
S8MV0
| | o +45
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Figure 3.8: Servos are controlled by 1-2 ms pulses



3.2.8 Encoder and Decoder

The 2% encoders are a series of CMOS LSlIs for remote control system
applications. They are capable of encoding information which consists of N address bits
and 12_N data bits. Each address or data input can be set to one of the two logic states.
The programmed addresses or data are transmitted together with the header bits via an
RF or an infrared transmission medium upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E further enhances the application flexibility of the 2

series of encoders. Figure 3.9 show the HT12E pin configuration.

8-Address
=l =
Al 2 13 JDouT
A2 3 12 [J0SC1
A3[]4 11 [Joscz
A4 10 OTE
A5 6 g[vss
AT a AT
HT12E/EA
-14 DIP

Figure 3.9: HT12E Pin Configuration

The 2'2 decoders are a series of CMOS LSlIs for remote control system
applications. They are paired with Holtek’s 22 series of. For proper operation, a pair of
encoder and decoder with the same number of addresses and data format should be
chosen. The decoders receive serial addresses and data from a programmed 2" series of

encoders that are transmitted by a carrier using an RF transmission medium. In this



project, the HT12D is used and it is arranged to provide 8 address bits and 4 data bits.
Figure 3.10 show the HT12D pin configuration.

8-Address

d4-Data

A0 1 ~ 1P wDD

Al 2 17 OWT

Az 3 16 0 Osc

A3 4 15 O oscz

A4 ]S 14 [ DIM

As s 13 D11

A C]7 12 D10

AT s 11 O Dg
wss ]9 10 O Da

HT12D
—18 DIP-A

Figure 3.10: HT12D Pin Configuration



3.3 Integration and Software System

This section describes a System Integration where to Interface to Hardware and

Communication Protocols.

3.3.1 System Integration: Interface to Hardware

This section describes the C code that was written to interface the

microcontroller with the hardware used in this project.

3.3.1.1 Joystick and A/D Converter

The 10 bit analog to digital converter on the PIC microcontroller was used to
convert the signal representing the joystick movement to an integer value that could be

used by the microcontroller.

3.3.1.2 PWM mode in CCP Channel

Since servo motor is controlled by means of managing PWM, the features of

CCP (Capture/Compare/Pulse Width Modulation) play in important role.



3.3.2 Communication Protocols

The transmitter section uses a specific protocol to send commands to the vehicle
over an RS-232 connection. The transmitter will send a constant of ASCII packet to the
vehicle computer when the manual control is enabled. These packets consist of five
pieces of information, separated by underscores. These pieces of information included
manual control status, propeller speed, rudder angle, elevator angle, and a check sum.

Manual Control status is denoted by a 0 or a 1. The first element of the packet is
1 when the Manual Control is enabled. While when the Manual Control is disabled, a
single packet of five zeroes is sent to the vehicle, and then the transmitter stops

streaming data.

Propeller speed is sent to the vehicle as a signed value, between —300 and +300.
This represents propeller speeds between —300 rotations per minute and +300 rotations
per minute. Rudder angle and elevator angle are both sent to the vehicle as signed
values, ranging from —4500 to +4500. These numbers represent hundredths of degrees,
ranging between — 45 degrees and positive 45 degrees. Positive rudder angles cause the
vehicle to turn to port when moving forward. Positive elevator angles cause the elevator

to go trailing edge low.

The last element of the packet is a checksum. The checksum is calculated by
summing the status, the absolute value of propeller speed, the absolute value of rudder

angle, and the absolute value of the elevator angle.



3.4 Software

This project used PIC microcontroller, so PIC C language code is written as a
programming to control a transmitter and receiver. The joysticks will give the command
and it is first task is calibrated while the microcontroller is powered up. Due to the fact
that elevator and rudder angle, as well as propeller speed, are adjusted by moving the
joysticks. Figure 3.11 and Figure 3.12 show the control algorithm for the transmitting
and receiving data between the ground station and WAU. The first part of the program
declares all of the variables needed throughout the program. The functions used to

communicate between transmitter and receiver sections are also defined.

In transmitting section, at the start of the program set up AD conversion and
process this conversion for the analog signals from each. This ADC values are encoded

and send the command to the vehicle by the specific protocol.

Declare variable

A 4

Define function and initialize
AD conversion

A 4

Read position of potentiometer in each
joystick and convert digital value

A 4
Encoded these digital values

A 4

Transmit this encoded value by using
specific protocol

Figure 3.11: Transmit Control Algorithm



In the receiver portion, at the beginning of the program set up PWM channel.
Receiver receive the sending commands from transmitter and then decoded these data
and decide which servo mounted on the control surface to be driven and output the
PWM signal to responsible servo.

Declare variable

A 4

Define function and set up
timer and PWM channels

A 4

Receive the transmitted commands
and decoded these values

A 4

Test these decoded value and set up
responsible PWM value to duty cycle

A 4

Output PWM signals to
drive repetitive servo motor

Figure 3.12: Receive Control Algorithm



3.5  Circuit Design of the System

This section shows how to design the circuit of the remote control of this system
and the component list that was used in this project. Figure 3.13 and Figure 3.14 show
the circuit diagram of the system. Figure 3.15 and Figure 3.16 show the circuit on PCB
board.

3.5.1 Circuit Diagram
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Figure 3.13: Circuit Diagram for Transmitter Section
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Figure 3.14: Circuit Diagram for Receiver Section

3.5.2 Circuit on PCB Board

Figure 3.15: Transmitter Circuit on PCB board



Figure 3.16: Receiver Circuit on PCB board



3.5.3 List of components

In this section describe the components used in transmitter and receiver circuit.

Component Description Quantity
Potentiometer Joystick - 2
Microcontroller PIC16F877 1
Capacitor 22pF 4
Variable Resistor 10KQ 4
Encoder HT12E 1
Antenna 433MHz 1
RF Transmitter Module TWS434 1
Crystal 4MHz 2

Table 3.2: List of component for Transmitter Circuit

Component Description Quantity
Microcontroller PIC16F877 1
Capacitor 22pF 2
Decoder HT12D 1
Coil - 1
RF Receiver Module RWS434 1
Crystal 4MHz 1
Motor with gear and blade 12Watt 1
DC Driver Circuit - 1

Table 3.3: List of component for Receiver Circuit



CHAPTER 4

DISCUSSION

4.1 Background

This section discussed about the result obtained and limitation of the project. All

discussion is concentrating on the result and performance of the device.

4.2  Discussion

In this project, firstly the wireless connection between encoder and decoder must
be able to ensure the data will transmit and receive clearly. It is difficult to get the

connection and the correct formula and calculation must known.



In programming, all the data and variable for transmitter and receiver was
determined and in receiver the timer and PWM channel needed to set up clearly.
Besides, the entire angles which are elevator angle and rudder angle must accurate to

make the Wau fly without any problem.

Otherwise, the joystick is important component because it controls the
commands that control the movement of Wau. The command from joystick is in
analogue and microcontroller converted this command to digital signal. These digital
signals then receive at receiver and microcontroller at this section convert it to original
data to the servo motor. The used of RF Module in this project proved to be far superior

in performance, cost and ease of use.



CHAPTER 5

CONCLUSION

5.1 Background

This section discussed the conclusion of development of this project. This
chapter also discusses the recommendation for this system for future development or

implementation.

5.2  Conclusion

Overall, this project did not achieve the objective of the project and the result is
not as expected. It is difficult to get the wireless connection between encoder and
decoder. It is important to make connection between encoder and decoder because it

will ensure a transmitter transmits the data and a receiver receive the data.



Although this project not success but we got more knowledge and also applied
the knowledge that we learned before especially in Communication System and make

some an analysis between theorical and practical.

With a proper ways of conducting this project such as gaining all the knowledge
as much as possible before doing the project or prepare all the things that need to be
used so that it will not become the obstacle in the future will help us to conduct this
project more effectively.

5.3 Recommendation

For future development, a more suitable an antenna and joysticks can help to
improve this project. The value, formula and calculation to find the elevator angle,
rudder angle, propeller speed acceleration, check sum, timer and counter and PWM

period must be correct.

Besides, this project only has two channel where channel one is to make the Wau
go up and down and channel two to make the Wau turn left and right, so we can added

more channel such as a channel to make the Wau move forward and backward.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers
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PIC16F87XA

1.0 DEVICE OVERWIEW
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packages, wnlls FICIEFETLAETTA devices = aval-

abl= In £0-pin and 4&-pin packages. All devices In e

PIC1E=ETEA, famly share common anchilechire with

the follawing cHiferencess.

= The FIC1 BFEF A and FICT BFET4A hawve ane-all
of ih= bolal on-chilo memory of he PIC18SETEA
and FIC1EFETTA

= Thie Z2-pin devices bave thres W0 ports, whiles the
40'ad-pin devwioes haie T

= Thie Z5pin devices have fourtesn Inferrupts, whike
the 40¢d2-pin devices Raye ffteen

= Thie 25-pin devices hayve Tee AT mput chanmeis,
while i d044-pin dedioes have =gt

= Thie Paralls] Slave Ford 5 Implermenied only on
the 40vdE-pin devices:

The asalabie Testures are summarzed In Tabke 1-1.
Elpck diagams of the FCIEFETEAETEA and
FICIEFETLAETTA devioes ans prosvided I Figure 1-1
ared Flgure 1-Z, respectvely. The pinouts Tor These
device famikes aps llsied In Tabke 1-2 and Table 1-2

Agdboral informadon may be found In e S Cmiona®
Md-Range Reference Manusl (DEZ I35, which magy
o= oblainsd from your Boal Microchlo Sales Sepresen-
fiabee or downiosded from the Mookl st ske. The
Feference Manual should be corsidersd a complsmen
ftary doosment o this dals shest and |5 Righly recom-
rreendesd reacing for a beher undersianding of e cevice
sechibechure and operation of the peripheal modulies

TABLE 1-1: PIC1EFET XA DEVICE FEATURES
Koy Feabures AIG1EFETIA FIC1AFETLA PI18FETEA PICTEFETTA
Cperaiing Fregusncy DT — 20 Mz Do =20 MHz O — 20 MHz Do = 20 Mz
Fesets {and Celays) FioE, BOR FOR, BOR PCR, B0 oA, BOR
(FMRT, O8T) |PNTT, 8T [PIAWHET, 2ET] (FIAIRT, OST)
Flash Program Bemony 2K 4K = EK
| 14-bit wonds])
Dala bismaony {oybes] 183 183 3Bs g3
EEFROM Cala Mamaory Joyi=s) 128 128 256 Z5E
nbemuplks 14 15 ] 1E
D Fors Fors A B, C Pors & B, 5,0, E Poris A B, © Poris & B, C. 0, E
Tim=rs 3 3 3 3
CaptureiCompar=Fdikd modukes 2 z 2 2
Eeral Communicafons WMEEF, LIEART MSEF, LISART MESP, LISART WSEF, LEART
Faralel Communizalions —_ FaF —_ PEF
100l Analog-ho-Cigial Modul= S mputchanmeis | & input cdhannsis | 5 input chanrels | 8 inpul chanmeis
Anaiog Comparaiors 2 z 2 2
rsiructon St 35 ImsTuchions 25 Instructiones 3= Insinaciions 35 Insructons
Fackages Z5-pin FOIP &1-pin POF Z8-pin FOIP 40-pin FOIP
Z8-pln 5OIC &d-pin PLCC 28-pin BIIC &d-pin FLEC
28-pin S20F &d-pin T=EF 25-pin B50F 44-pin TQFF
Z8-pin QFH Zi-pin GFM 28-pim ZFN dd-pin QFH

ST WEessch p Tachsskagy Ik

DEIRsE s sage 8



PIC16F87XA

TASLE1-2I  PIC1SFETIAMTES MINOUT DESCRIPTION
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PIC16F87XA

TABLE 1-3: PIC1SFET4LBTTS FINOUT DESCRIPTION
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PIC16F87XA

TEELE1-}.  PICIGFET4AMETTA PINDUT DESCRIPTION (CONTINUED)
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Legend:  |= ingal e gulpes WU = naulouipal "= posmni
— = ki umed TTL = TTL injar 5T = SR Trig o Inpal
Kale 1 TEkn e oo SE5en Trigomd 12l el ® Sormguned ds 150 o= w) nbmg pt

2 Tk I b SEErer] Triges 1=2pa! welbas camld n Sanial Fragienming mede
-] TEk e g SR Trigomd Inpa] sha® canfpured n MO Dee Bl Bode and @ DY nsdt cBarstee
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TABLE1-E  PICISFETAAMTTE PINOUT DESCRIPTION |CONTINUELD)

P i PLOP | PLCC | TSRF | OFR | 6P L LéFay o—
Pird | Pird | Pinif | Pini# | Typa Type
PORTC (0 om0 pod
RGOS TILE] 1% 18 4 H =l
KD L] i FpLal
MUEU i Tiread| ooz B lza' 2adfpul
|y |eLE | TR R R L TH
RCTT IO ERCCE & 14 L] L -
[Lh | L] il 153
[ [m| | HIEREG S TR R
o 152 CapuAd ngul, Combenid Sulpan PR ool
o | Ir 149 8] 3 =l
L i L] i FpLal
e | ¥ Capua] ngu, Comoen 1 culpar, P D ol
e i e e 16 A 1r H -
L] L] il 1¥
- ¥ Spechemum aenal ceck nsubauipal for 59
Ttk .
BLL L Syechzrdus senal ceck nsubsuipa] fod [0
Ttk
o TR o] i 42 LF =l
b L] i FpLal
= | alt il
EDg 153 3 dka WO
o at ot 43 4 =l
RS L] il 153
B i L T
MG LECK s at 44 4 =l
KR L] i FpLal
[ i JUAKT a@matrdsoud e
s L) JUAKT | synsiids o Sk
RCTHELDT . A i 1 -
LR L] il 153
A, | JHakT asymnchrosous moeke
iy ¥ JUSKT sarchioncum dab
Legend. 1= ot U= cutpad s npfigl ol & powi
—ahzlimel  T7L = TTL 9l 51 = Sehmel Tnggai inpul
Role 1:  Thin BcPai e Szhmil Tiggal inpel winn comgured i e axleire| ifetiop!

2 Thin EzPai a0 S2hmil Tiggal red wimn wed in St MEgranning node
3 Thia EuFai 5 Szhmil TAggal inpu whan onlgused in ML Usclabor mode 5 8 DWOE 120 olarsise
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TEELE1-}:  PICISFET4AMETTA PINOUT DESCRIPTION (CONTINUED)
POIP | PLOC | TOFP | QFK | B3P Bl
Pin M (i |
e Pk | Pk | Bind | Bine | Typa Type Sopaa
PR L o S i) WO et & Mera el Shse
Pl w®en (APt g B 8 riopitoeaesr S
ADK S0 1 H aE | ST
ROG (o] ook WA
B 10 ] (ta] Paialed Sasa Pofl dab
RO ER 35 v b k] g
RO (ta] Enigokat WAD
P ta] Paialed Sasa Pofl dal
RO P2 | ] L & ETITTLIR
R (el Eniggobad WAD
(-1 ta] Paiale Sasa Pofl Gl
RO EPS . 24 a1 41 ETITTLIR
R ta] Eniggobnd WAD
PEPE (o] Paialel Sasa Pail dals
HEMA S 5 1] @ 3 ST
Lia] ta] Cniggobnd WAD
PrEre (o] Paiiled Sasa Poil daka
ACHM SIS - 3 3 1 ST
RO (o] ook WA
PEPrs (ta] Paialed Sasa Pofl dab
HOSMEPE 3] 1z 4 i g
RO (ta] Enigobnt LAD
(B-1H (ta] Paialed Sasa Pofl dab
RO SPT 50 15 L] & ETATTLIR
ROV (ta] Enigobnt LAD
PEPT (ta] Paialed Sasa Pofl dab
FORETE @ 8 bascio=al 170 el
REQRTA RS 4 ] a8 a8 STATLIY
RED (o] ook WA
HL 1 R oontro fod Patelsl S il
] I Anileg inpat &
HE AN HaME g 1] 28 - ETITTLIR
RE® (ta] Eniggobad WAD
L] 1 W e cosbaz] o il s o
EhH | Anileg inpal &
REXCERNT Ll 1 i = ETATTLI®
REZ2 (a] ookl A
L3S 1 Chip s lac! co=hd B et lal Bhvw o]
EWT I Anakeg inpan 1
Waa 123115 24| 8 289 | B 2, " -_ Chrouid mrleiencs kor g E and KO Snd
n
WD 1 12 25| 7aE L " - Frexm il s ey b o ared) VD S
28 2
hiZ _ 1,05, | 14515 3 - - Tlherse (@i arm nat nemal s coneded. [lIase pns
SB 40 [ 23 ahaud b el uccosimciad
Lagend 1 = ifgal = gulges WU = inzubsuteal 1" = pesi
— = sl e TTL=TTL in@an ST = =25l Trg g Inpal

H=le 1 TEE e oo SEErer g 1=l wifes Sanfured s 15e e =n niampl
2 TEE e e S5 Trigoed =pad whes casd 0 Eefal Fragnemning nede
-3 TEE bofed @ e SSEr Trigoe |npcl whes comfiqured n B Uec sy node and 8 DO nfdl JSarwiee

I 00E WEsschp Tachsskegry e

SHENIE-pragm 13
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20 MEMORY ORGANIZATION

ThEre are Tres mEmory blocks Ino=mcn oof e
FIC1EFETXA dayices. The program meEmory and data
memory haes sEparas buses so thal conoument
ACCEss can ooowr and s delsllsd i inis seclion, The
EEFROM data memory ook |5 d=malied In $scilon 3.0
“Oata EEFROM and Flach Frogram Mamaors™,

Agdbcral Rformalion on desyios memory may b found
In e FOCmioro® Mid-Range MOU Family Referanoe
FAanusl {DE3E023),

FIGURE 2-1: PICIEFETGANRTTA
PROGRAM MEMORY MAP
AHD STACK
| POA1In |
CALL, RETUEN [' IR
BETFIE, EEILW -||.
S Lavad 1
Seacck Lawwl 3
&
Tk Levad £
Faed daumiz iy
L =
nisTupl et DD
DO
Fage i
[OTFh
(020 ]
Fagei
S hip
Pragrar - .
Ny 100Cn
Fage 2
17T
1800n
Fage X
IFFFa

21 Program Mamory Organization

The SIC1ERE7HA dedloss haes 3 130E peogram
counfer capabls of addeeszing am G word x 14 Gl
OOgram  memory  space. The FCIERETRAETTA
devices haee 2K words o 12 bis of Fash program
mamory, whis FCIEFETIALTLAA dwyioss  haes
a¥ words ¥ 14 bis. Accessing & locabon abose e
opsicaly  Implemented  addeess o willl couse A
WU,

The Fegasd vacior Is ot 00005 and e Ini=mupt vechor ks
1 DC0&n

FIGURE 2-2: PICTEFETRAMET 44
PROGRAM MEMORY MAP
AND STACK
| BO# {3n |
CALL, RETIMH :.[' i1 r
ERTFIE, EEILH B 2
Shmck Lesad 1
Shack Laww
.
Srmcke Leval £
Fansd ez DO0n
i e
: -
Inismupl Wi ]
| s
Fageid
O Chip
Paogram - [T Th
Ny [e0n
| Fagel
! DIFFa
i00in
gas]
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22 Data Mamory Organization

Thie dats memony 15 partbored (mio mulipie banks

which confal e Gensral Purpise Registers and the
Epeclal Furcion Registers. Ble RFY (Slaus<s>) and

AR |atug<s=) ane the bank s&i=ct bis,

Exch bank l=nis up b TR0 (123 byies), The ower
caions of sach bank ars reseresy dor e Specly
Functior Regisiars. Above e Boecial Funciion Aegk-
{ere are Gensral Pargoss Reglislers, mplemented a8
siatic RAM. All implemenisd banks confain Specls
Funclior Registers. Some fequently used Specls
Funchior Raglsters from ane Senk may be mimaed n

——— Bank anafer bank for code reduction and quicker aooess.
P = Mots:  The EEFRCM data memory descriplion can
o founc In 3sotlon 3.0 “Dals EEFROM
o 1 anvd Flach Srogram Memany® of 15 dafa
1D . ghisst,
11 3 S
221 GENERAL PURPOSE REGISTER
FILE

The reglster fl= can be accesssd sither dlirecty, or
ridlrectly, thouph e Flis Sxisct Register (FES].
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221 Fahs Raglster For exampie, CLAF STATUG, will Earine upnsr free

Tre Stalus register cortairs the anhmess statug o ihe bEs and setthe Z ok This I=xees m;a.:u.:. ragisi=r as
AL, te Rezet stalus and the bank ssiect bis for data 0dda mlw (Whensu = unchanged).

eIy, It Iz recommendess, Sherefone, that only BcF BEF,
EeaFF and mover insructions are wses o alber e
Elalus regisier becauss these Insinac@ons do not aifect
the Z, T or OC bfs from the Slaius reglsier. For obher
Fsirucdons mof affectng any sizhus  blls, e
Fesztion 160 “inetrucilon 3=t Summary™.

Th= Salus regisler can = the desinaiion for any
nsinzciion, a5 with any ofer regisher, [ the Siaus reg-
sher Ix the desinafon for an nsfruction that affecls the
Z, CeC or ol then the wrile io thess thres bl s dls-
abisd These oils are set or dearsd according 9o the

deyios logic. Furdhermors, e TS and FO biks are not Haks: Th= < and DC bis operafe 35 3 Dorrow
wrilabie, therefors, he result of an Inslrucion with The and dight bomosw bR, respecively, In sus-
Siaus reglsler a2z d=sticabdon may b= diferent than fractHon. Ses e puslE and sTUDME
ni=nded. reructions for sasmphes,

REGISTER 2-1:  STATUS REGISTER [&DDRESS 030, 835h, 1030, 1&30)

RWD RWD RO Rt R~ R R S A
| m= | 5720 | mee | T2 | =@ | =z DC c
bitT bitd
bit ¥ IRF: Segisi=r BEank Sslect bi (used for Indirect sddressing)

1 = Eank 2, 3 {100h-1F=H]
o= Eank 0, 1 {00-FFh}
bit &-5 FEF1:RPD: Reglsker Eank Sebeict bils: (usesd for dirsch sdcressing)
11 = Eank = (180h-1FFh]
10 = Eank Z (100h-1750]
ol = Eank 1 (Z0h-FFR]
o0 = Eank O (00h-7Fh)
Each bank Is 125 byfi=s.
bit £ TG Time-oul ik
1 = Affer povesr-up, CLERDT Insirucion or sLERR Instruchon
o= A WIDT fime-out oocumes
bit 3 FiOr Powesr-dorsn BE
1 = Affer povesr-up or Dy e LD T InsTuction
o= By execulion of the sLEEP Instnucion
bit 2 Z: Zerp it
1 = The regult of am arthmretc or ogic opsration Is 2em
o= The result of am aflhmetc or kgl oserafon Iz rot 2erc
bik 1 DC: Digt canmybomow BE (RDDKF, ADDLW , ETW1E , SUS LSS Instruciiorns )
{for boomow;, the polarty s reversed)
1 = A& canny-oast from e 4 low order bik of e regull oooumred
o= Mo camy-out from the 4th lowy onder bR of 1he result
(-1 ] C: Carmybomow BE (RDONE, ADDIL K, EURLM, SUSKF Instnacions)
1 = A, Canry-oiot Trom e Fost Significam it of the nesul cooumess
o= Mo camy-out from the Most Signficant bt of e resull oscoomred
Kok Sor monroa, the poladty 1z reversed. A subraciion s eneoobed oy adding e bao's
compdemreent of the: second aperand. For rodais (P, 2] Instrucions, this bi ks
oadedd wit efer the high, o loa ceder Dl of e source regisier.

Laigard:
R = Restable bE & = WAl b U = Linimplermemisd bf, resd as T
- n o= Walee ot POS 1" m Bt k5 5=t ‘0" = BE 5 deared o = 3E |5 unknosn

———
DS EI - T2 20T WiesEshlp Tachnskegyf IR
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2272  OPTIOM_REG Regsler

Thie CPTIZK_REG Reglsier ks a readatie ard wriable
r=glsher, which conlaies various comiml bk 1o configune
the TRO prescalen DT Dosiscaler (single assion-

Wots: Toachiews a 1:1 prescaler assigrment for
e TRRD regisier, asspn the pr=scaler o
e Walchdog Timer

abl reglsizr Enown akso as the prescaler), Se avi=ma
INT Ingarruzt, TRIRD and fhe west mollups on PORTE

REGISTER 2-2:

ol i

als

ol )

nitd

ot 2

ol 2-

OPTICN_REG REGISTER (ADDRESS &1h. 181h)
A1 R el i 1 R

R R

| "8F0 | mreoa | 7ocs [ oz | Paa | pm

| Pt | Pe |

ol 7

RESU: PORTHE Ful-up Erable bk

1w FOSTE pull-ums are dlsables:

o = FORTE pull-uss e snabked by inchaidual port laich vakes

MTEDS: Int=Tupt Edge Seiact il

1 = [pbemupt on rising =dge of FE0AMT oin

o m [Ehemopt an faling sdpge of REJIKT pin

TOCGE: TMRD Clock Souwme Select bi

1 = Trarsbon on RAHTOCK] pin

o = [nk=mal Insirucfion cycie dock (CLEC

TOBE: TMSD Source Edge Selaci ol

1 w [rioremient an Rigteic-iow transhion on RALTICE] oin

o w [ricreEmient an ioa-ic-high transhion on RASTICE] oin

LA Frescaler Asskgnmsnt bi

1 = Frescaber = assigned o the WOT

o m Prascaler = assigred o the TimesD mmicduke

FE2PED: Prascaler Rate Baiect biks

Bit Yake THMRID Rabks WOT Sabe
el
k|
1.0
211
100 133
101 154
110 1:128
111 =

. -

L
J i
Pi g ik
= Fd

=
4
]

IS U S S R S S e

H

oikd

Legend:

5 w Feadabis i W = LArEabie b = Unimpiemented b, read a5 T

- = alus at POR ' m B 5 521 ' w Ell b5 cmaress

¥ = Bl 5 unknowe

Mobte:  When wsing Low-vollage 255 Frogramming (LWF and the pel-ops on FORTE ans
Enabded, B 2 In the TRIEE reglsier must be clsarsd o disabie the pelup on RB3

ard snsure the proper cperation of e deedoe
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2242 INTCON Reglatsr Mols:  ri==ust fag G ars o=t anen an Flerep
Tre= [WNTCOM regster = & rescable and wrkables regiz- condion ooours regandless of the siate of Ils
tar, which conlaing varoes srabke and fiag b for ihe comesponding enabls B oor e gicbal
TS register owerflow, RSB port charge and exiermal sranis o, GIE (IMTODN <), Liser sofwans
SEOINT pin FhEmopls should snsure e aopronriate ink=Tunt feg
olls ane clear prior 1o enakieg an imemupt

REGISTER 2-3:  INTCON REGISTER (ADDRERE 0EN, 8BR, 1080, 15Bh)
RUIAHE RUIAHD R0 RAW-0 RWHD RWRD R0 Rt
| e | rEE |meroE ]| wtE | rREE | mwmoF | mwmE | REFE
bt 7 bt 0

bit'7 QIE: Giobal Inkemupt Ensbi= bH
1 = Erables all unmesked inlemepts
o= Disabdes gl Inl=mopls
bt & FEIE- Periph=ral Ink=mupt Erabi= bk
1 = Erabies 2l unmesked periphemal Infemunts
o= Disables gl seripheral Inftemupts
bk s THMREDEE: THRD Creerflow Inl=mupt Erabls bR
1 = Enables the TMRED Imenrupd
o = (Dimabies the TRRD im=rrupt
bk 2 INTE- RBATAT Extemal Inbermupt Enabile bl
1 = Enables the REOINT extermal Irfenmupt
o = Dimabies the SBAT sxl=mal nbemopt
bt 3 REIE: RE Fort Chamge Infermunt Enabie it
1 = Enables the RS port chanps Im=nrupt
o= Disables the 52 mori change: mbemopt
ot 2 TMREINF: TRRD Ceearfiow Ind=rrunt Fag it
1 = TRRD reglzber has overfiowsd imuss be chesarsd in sofwars]
o= TRARD regisker dicl not oreerfiow
bt 1 INTF. REQINT Ext=mal Inl=mupt Fag bk
1 = The REIINT sxi=mal kbemupt oooumed (st be cleaned In softaane)
o= The REIINT =xl=mal kiemupt dic not ocour
ok d EEIF: FE Port Chaangs Irbermuct Flag bR
1 = Ab l=asf one of the SE7:R54 pins changed siate; a mismalch condibor sl confinus b set
fhe b, Reading PORTE wil &nd the mismaich condBon and alow 15 Dl by be ci=aned
st e cleared In software|.
o= Fore ol e RET:REL pins hase chanpead stake

Lagamd:
A= Resiabls bk & = Wbl B L = Linimplememied bR, read as 1O
== ke al FOS 1" m Bt k5 =t ‘C" = BE I3 de=amed u = BE |5 unknoen

DEEEEIH - 4 W 200T WEEssnip Tasinsle gy I
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ke e SIE1 Fan
2il= |E7 Rzglater Note: Eh FEE (INTCOM=E>] must be ssl i
The FIE1 ragistzrcomalns e indivkdual snasbles bR for Erabie any perpheml Imtsrrup.

the periphers) Infamunts.

REGISTER 2+4: PIE1 REGISTER [ADDRESS 8Chj

Sl RWHD RAWAD RAWD S R RAND RUAD
[FepE™] sz | poe | 7w | ssmE | coPiE | TMRzIE | TMRIE
WtT ot
ol 7 PEFIE: Parallel Slaee Fort Sead Wiits intemupt Enable b

1 = Enabies the FSF readfwris indermnt
o m Cisabies fhe PSR readwrile nk=mupt

Wods 1: PEFIE |3 regenvad on FICIEFETIAETEA day CE, SaEys malialn s bt clear

ol s BDEE: AT Comserter Infsrnupt Enablie bt
1 = Enabies the AT oonverier Imtsnrupt
o m Dissbles fhe AD correrier imbemupt
oit & RCEE: USART Recehe intemept Erakie bt
1 = Enaties the USART recefee Intemopt
o m Cisabibes fhe LISART necadse Inbenmunt
oit £ TEIE: USART Trarsmik Imferrupt Enabi= bt
1 = Enabies the SSART famsmit kbemrupt
o m Disbles fhe USART transmi Interrupt
ol = & EPIE: Syncfronows Seral Pord Ink=muept Ensble bR
1 = Enabies the 55F Iriermund
o m Dizakbes The SEP InkEmopt
oit 2 CEMIE CCP1 Int=mept Erabke bR
1 = Enaties the SCF1 Intemupt
o m Cisabibes fhe TP Imenmumt
ot 1 TRSHE: TWISZ 1o FRZ Match inkemupt Enabis bit
1 = Enadies the TMVSZ b FRZ match inlemopt
o m Dissbbes fhe TIR2 o0 FR2 mabdh Indermupk
ol THMERAIE: TMS1 Cremrliow Imiermupd Enabie ok

1 = Enabies e TS oseriow Int=mupt
o m Dizsbbes The TR overliow Infermunt

Laganct
R = Resadabie b W = WirEakls R U = Unimplemented bk, read 25 T
-n o= Ve 3 FOR 1" w Bl = st ‘I B b5 Cheaness ¥ = Bt I3 unEnowT

-
D 2DCE Ricszch p Tachssegy I SHEIEIEepragEm OB
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L i = r
2I2% FIR1 Reglss Mole:  rlE—upt fag b6 are s=t w%en an klzrupt
Tr= PIR1 ragisies contains fne Indlvideal 939 bis for condion ooours regancless of the sk of Is
he peripheral Inerrupts. comesponding enabls bR oor The global

eranie o, GIE IMTOOMT=), Liser softwvans
shoukd =nsues it approprials Imemupt bils
ar= cl=ar prior io =nabling an inl=mupl.

REGISTER 2-5. FIR1 REGISTER [ADDRESS OCh)

R RN R0 5-3 RW-1  RW-D SR SR
[E==iEt | aoor | mor | TwF | =sRir | coear | Tas3iF | TMRIE
bit 7 bitd

bit 7 FEFIF: Faralel Siae Fort ReadWirts inl=mupt Flag o1l

1 = A read or a wrbe opsration has Eken place omest be deared In sollsaes]
0w B0 read or writs Ras cooumes

Hoba 1: FSFIF |z resenved on FICTSSETIAETEA devicss,; always malniain this bt cl=ar
bk & ADIF: AT Corrserbr Im=rmupd Fag it
1 = AN AT oonpaErslon Completed
o= The AT conversion ks mof complebs
ks RECIF: LISART Recsiye Inkmept Flag BE
1 = Th= ESART recebie bufTer ks full
o= The USART recebie bwiTer ks smply
bikZ TEF: USART Tramsmill Imermunt Fag il
1 = The USART rarsmil buTer 15 2mpsy
o= The ESART ramsmil buTer 1z Tul
bt 3 B-EFIF: Synchrorous Seral Port (S5F] intemupt Flag bit
1= The ESP Imierrund condMon hes cooummess and mmest be cleared In sofsars Defors reluming
froem the Infemupt Sendos Roulne. The cordBons that will sel fhis bit ape
* 3P — Afmnsmissoninecspdon has @ken pace.
P Save — & Tarsmizsionirecephion has lat=n piace.
+ T Masher
- & tmansmisslonracepion has aken place
- The Iniliab=d Slart condibon was complebed by hie S5 mocule
- The inftsk=d Slop condHion wes compliel=d by e S5P module.

= Th Iniliak=d Fegiart condition was oompeebed Dy e SEF mocul
- Th Inilak=d Acknowiedge conclion was compleled by e BEP module.

- & Siart condllion cccumed while e E5P moduls e le (muol-masier syshemi
- & Siop cord Bon cocumss whils he S5F modul= was dle (mul-masier syshem)
o= MO SEF nbemupt condion kas coowmed
bk 2 CCFIF: CCF Inl=mupt Flag bt
SRpoure modes
1= & TR regisier capbors cocumed [must be chesaredl bn sofwane)
o= Mo TRAT regisisr capiure CoCumesd
Sompane moge:
1= & TR regisier compars maich cooered (mest be cearsd In soffessrs]
o= Mo TRRT regisier comans maich oooonmed
S e
Urpused In fhls mode
bik 1 TMRZF THRZ 1o FRZ Kaich Inkemupt Flag bR
1 = THRZ by PRZ maich oooenred (st be cesred In solteare]
o= Mo TRRZ to FRIZ maich cooumess
kD TME1F: TR Coerliow inderrust Flag il

1 = TRAR regisher overiowss (must be cl=ansd in sofwars]
o= THIR regisher did not oo

Lsigard:
R = Resfabis bE & = WA bt L w Linimplamiemied bE, pead a8 0
- o= Ak gt FOR 1" = Bt I5 5=t ‘"= BRIz deared u = 2K = unknosen

DS E E-pame OE D 200E WEeEchip Tasinsizgy I
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2127 PIRZ Regiser Mote: i mer-uzs fag olz a% 2=t when an nizTuot
Tre PIRZ register contains the flag Dis for the CCP2 condiior oocurs regancless of e siate of
nmi=mupi, the 55F bus colision mbemupt, EEFSOM = conrespondng enable bE or e gloixal
wrike oneradon Imesupt and 1he companalor ikkemapt. snable bit, GIE [NTCOR<T>]. User

software should =nsure e aporoporiale
rk=mpt flag bfs ar= clear prior fo
=nabling am ndermund

REGISTER 2-7.  PIR2 REGISTER (ADDRESS 000}

-0 AT -1 R RO - - RutA-D
| — | s | — | ®8F | Bour | — | — |coEaF |
bit 7 L]
bk 7 Unimplamanbsc: Sead s o
bt & CMIEF- Comparstor imbemupt Flag bit

1 = The comparalor impul Fas changed (must be cleared im sofeans)
o = The comparator imput Fas not changed
bt 5 Unimplemeanbsc Sead as o
bt & EEIF: BEFRTM Wirlte Cipeerafion Int=mupt Flag R
1 = The wribe opsradon complebed (must be chearsd i sofaans
o = The wrike agerafon I= nol complete or bas rol been siarked
bit 3 BGLIF: Bus Collsion Intmept Flag bR
1 = A bus collision kas cocumed inthe S5P when comfigurad for B0 Master mode
o= Mo bus collision Ras sooumes

ik 2-1 Unimplamanbsc: Sead s o
kD CCF2IF: CCFZ Intemupt Flag bt
Sapbore mode-

1= A& THR1 repgisier caphors oocumed [must be cleaned In sofbsans

o= Mo TRRT reglsisr caplumns cooumes

SOTDAe MsCe:

1 = A THAT register compars: maich ocoared (mest be dearsd In softwssrs]
o= Mo TRRT reglsi=r compans malch oooonmed

EU e
Lirmused

Lavigerd:

R = Readabls bR & = Wriiable bH L = Linimplemenisd bk, read as 0

- = ik m POS 1" w it I5 5=t ‘0" = BE Iz deamed o = BE 15 unknosan

DS E E-pagm OB 20 WEschip Tazinalegy i
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<il3 2L Registar Hots: BOS s urknown on Power-gn Reset, B

The Fowsr Control (FCON) reglsi=r contains fiag biks must be 5= Oy e user and chedesd an

b aliow differsntizbon beteess=n 3 Foweron Sesst sutsequent Resels o see FBOR |5 dear,

(PO, a SBroan-out Resel (E0R), a Watchdog Reset Indicating a brown-out has ocoomed. The

(WD) and an externsl MCLR Resel. BOR sigtes bt Is & “donT care™ and 15 not
predictabnie F e brown-out circulk ks dls-
ablsd by cl=aring e BCOEM bl In the
condgusation wond .

REGISTER 21 PCON REGISTER (ADDRESS SER)

] - U LD -0 LD R0 RIWw-1
— | — [ — [ = [ = = FOR | a*'+1_|
ol T oltd

ot 7-2 Unimplemenisd: Read as a'
o B ACR: Powar-on Feset Satus bR

1w M0 Posveer-on [fesel gocumed
o m & Pogver-on Resat ooourred (must b 52 n softwsre after a Foser-on Reset ocours)

ot E:0R: Brown-cul Reset Siaus B

1 = Mo Bromn-out Aeset cocumed
O m & Epoer-ouk Reset ooounned Jrvusl e 522 0 softwars afer g Spown-oit Reset soours)

Laganat
R = Re==idable bk W = Wirabl= bH U = Uinimplemented bk, read s T

=N = YEuE 3t FOR 1" = Eil 5 2=t 'I" = Eit |5 Cheapes ¥ = Bt I3 unknoaT
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2.3 FCL and PCLATH

f= Fropram Counter (FC) 15 13 bils wid= The low
byt comes Trom the FCL regisier which ks a readabis
and wrliable register. The wpper Dils: (FC<i2:5] ans
ok resdabks, Dot ars ndieectly writsble through the
FCLATH regisier, On any Reset, the upper bfs of the
=G oalll be cleared. Figune 2-5 shows The o sheabons
fior e lcading of the FC. The upper =xample in the
fipue shows how Ihe FC s oeded on a wrile o PTL
[(PCLATH=d: 0> — FCHL The lower =xampl= In the
figue shows how the FC s loeded durlng & CALn or
0T Imstructon [FOLATH=E: 3= — PCH)L

FHZURE 2-5: LOADINE OF PCIN
DIFFERENT SIMUATIONS
Pl FCL
2 I 2 smdor ek
= | I | ECLas
Cagineer

FiCH PCL

o JECLATHu s

FoL

231 COMPUTED GOm0

& compuied SoTo Is accomplished by adding an offset
bo The program counier (Rooes  FOL) When doing &
tabl= mead using a compul=d SoTto method, cars
should b evercisesd F the fable ocafon omosses 3 PCL
miEmory boundary (sach ZSe-byi= binck]. Refsr 1o th=
applcabon nole, ANSES, Smpimmeniing a Tahle F=ad”
(DENOS5E].

232 STACK

Tre= PEC1EFETXA family Foas an B-leyve] deep @ 1300
wids meErdware sack. The siack specs |5 not pard of
afifer program or data spacs and ihe siack polnder ks not
resdatle or wrilatie, The PT I PUEHed orin e sfack
when a caly inshucion |5 spscufed, or an mbEmopl
causes & ranch. The sixck Iz POFed In the event of &
AEETURN, RETCLW OF & AETFIE InshucHon eweculion.
FCLATH Is not aff=ci=sd by a FUEH or POF omerabon.

The stack operaies a5 acircular bufer. This mesns hat
after the stack has Deen FUSHSD sight Bmes, e ninin
psh ovenaTRes the value Tk wys shored fom the frst
passh. The lenth push ovenatiies he second push (and
S0 Onl).

Mods 12 There are no stabus bis o indicals ssack
overfiow or siack undeow cordBlons.

I There ae no  rstrocHors‘mnemonics
call=d FLISH or POP. These ar= achHons
thatocour from e exscuiion of the caLc,
BETORN, AETLN &nid RRTPIE rsirucHons
or the vechoring to an Imlerupt sddress.

2.4  Program Mamaory Paging

Al PIC1EFETEA devdioss ars capabés of addre=ssing a
contrueous: S5 word biock of program memory. The
AL and Sore insfructons proslde: cnly 11 blis of
address fo alow branching wikin any ZK program
m=Tory papgs. When dolng 8 caly or oo Rsiruction,
Ih= upmer Z biis of The sddress ars prowvidssd by
POLATH=43> When dolng 8 CALL oF Gormo [nsdnec-
Hor, The user must snsurs i e pege: sejsct bils ane
programmed =0 Sat the desibsd program memory
pape 5 sidressed. ' a retum from a Rl instruchon
[ior imb=rmupt) ks execuied, e enbre 13-0EFC s popoed
off the shack. Thersfore=, manipuaton of e
CLATH=L3> bis k& not reguired for e ETURN
msiructons {which FOFs the sddress Trom e siack)

Hioha: The conk=nis of e FCLATH regisher ame
urchanged afer & AFTURN OF RETFIE
rsruction |5 execuiss. The ussr rmush
rewrlis the conlents. of e POLATH megls-
fi=r for any subssguent subrowiine calls or
SoTO rmlrucors.

Evamgole 2-1 shows 1he aling of a subrceblne In
pape 1 of e program mermory. This sxsmpls S5 5umes
Ihat FCLATH Iz saeed amd resior=d by e Inkmopt
Eervice Roudines (i imkEmeplks ares used)

EXAMPELE 2-1: CALL OF A SUSROUTINE
IH PAGE 1 FROM FAGE D

OAS dxEAD
OCF BOLATH 4
ESF BILATH D rSwlece pagw L
: |G h-FPFa)
TALL SURI_FI ;Tmll subrcutcine in
' rpage 1 (FIIN-FFFR

ofs dx3am page 1 (B1Ih-FFFh)
ETEL_FL
' remlled oobroutins
page 1 (RIIN-PFFRD
'
AETIMER yEmbuTrT Ea

;Tmll mubrcukins
rim pages [
: |1 h-7RF0)

DRI g 3D

00T Wicazchip Tasinsle gy Inc
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2.5 Indirect &ddressing, INDF and

F&R Reglstars

A simpie peogram b clzEr SAM locatiens ZCR-2Fh
using Inezinect addressing s showr In Example 2-2.

Thie INDF register s nol a ohysical reglsler Addressing EXAMPLE 2-3- INDIRECT ADDRESSIMNG
the INOF regisier will Cause Inclrect addr=ssing. WoOLH ax23 (initializs poimcar
Indiresct addressing I possible by using the INDF neg- MIWHF PSR reo PAE
Izber. Any Irsirucon using the BICE reglsher achualy HEXT CLEF D=o@ :=lsar [HIP cegiacer
accEzses e register poini=d fo by the Flle St Seg- [BIP PSRL.F  .ino pointsc
Ister, FER. Reading e IMOF reglster e, Indnecly EIFSE PARL.E rall donel
(FE = o} will read OCh. WrEng to e INDE regisher T RS Eeas nee
Indine iy r=sulls In @ no operaborn (alinough siatus Dk - \ \yes concinoe
may b= afisscizdl. An effechee S-Sl address |5 obiainess
by corcatenaling The B-bR FSR register and e IRF DE
(Elabes«7>] s shown In Figure 2-£.
FIGURE 2-& DIRECTANDIRECT ADDRESSING
Direc! Addresming Indirec! Hddrgeaing

[ L] Fiom Opeade [ 1HI1 T FEHR Faginkai o

T W — P —_—

Bant Sabest  Losalos Sekasl Ea=h Skl LiaSalas Selacl

* i o1 10 ue S
|l i L] #ctn 10Ch nE
—_— -—
Cake
M e 1!
IFn FFh 17Fn 1FFn
Hank 0 Ea=k 1 Hane 2 Hans 3

Fota 1. Fof ragomi e resdebil sae Figanm 2-2

I SD0E Riesschip Teachsskgy I

SHEEIE-pragm T
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HT12D/HT12F
2" Series of Decoders

Foatures
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a e ra e e il eyl
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Funcilcnal Description
e rmbion
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2" Series of Encoders

Foatures

w Dipseralogy vollags
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Block Diagram
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2" Series of Encodars
Pin Description
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2" Serkes of Encoders

Electrical Characteristics
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Cytron AOBOT . HEAD fo TOE
Teem Praduct User's Manual - MO10B

1. INTRODUCTION AND OVERVIEW

MO10B 15 20 erhanced version of MDI0A. Tt1s desizned to drive luzh cament brash
mater of application. It s desizned for wide range of robotics and automotive applications.
The board meorporates most of the components of the typical apphcatons. With minimwum
Interface, the board &3 ready for plug and play. Simply add in power, this drver is ready to
drove high cument motor.

It has been desizned witk capabalities and faanmes of

[ndustrial grade PCE with heavy copper matenal for kigh current applications
Each compensrt is soldered properly and tzsted

Suppor up o 10A mazimum

3V lozic level compaitals mputs

1IVasV,

WM speed comsrol up to 10RKCH:

Bi-diractional conte! for L metor

Very low standby power consumption

Gystem growmd i isolated from moter's power source using opio-salator

4 Schotky diod as clamping diods
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1. PACKAGING LIST

Pleasa check the pars and components according to the packing list. If there are any pans
missing, piaass contact us at sales/@cviron com wy immadiately,

1. 1xMDI0B
2, 1% 2510 5 ways female conuactor pin.
3. 5% 2510 iron pins.

2 % terminal block

.J-.
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4. BOARD LAYOUT

Label Function
A Conrector for motor.
B Coaractor for power supply.
C On board power supply indicator LED. It i5 g7een color
D 5 ways header pin for external comnection.
E Relay

A — Cornecter for motor.

B - Conneactor for power supply.

C — Power supply mdicator LED. It is gresn in color. Once power 1s msertad to the board.
this LED will e ON.

D — 5 ways header pin for extemnal connectzons. If this kit 1s connected to microconmoller
board. 1t should ba powsared with 12V Please refar to hardwars mstallation for detazl

commeciion.

E - Relays are used as switch to change the direction of motor (clockwise or anticlockwis2).
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5 INSTALLATION (HARDWARE)
5.1 Connecting Battery and Motor
wmnﬁ

ROEDT  HEAD fo TCE
Product User's Manual - MDA0B

o 2 fypical applicatton, the mofor powsr suppl

comnector providad. The control pin come with connactor and is ready for user to mterface
off for speed contro

batterv) should be soldered to
12V should be supplied (tol2V pin) for this driver for logic operation. CW and CCW

control the activation and direction of the motor, while the PWM pin turms the motor on or
W and CCW will actovate the on board rela
FWM pin, wser may provide a constant 3V fo it if oo speed conto

e providing 5V
ising a switch or relay to thess 1 pin can twm on the ralays furher drive the motor. As for
[ to it if raquired
5.1 Connecting to Microcontroller
Typical Application Circuit for DC to 10EHz PWM Operation
I
G
o Ll LRIl
Uil Lbriret

MCUT
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