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ABSTRACT

The primary objective of this project is to construct a working prototype of a remote
controlled car (a.k.a. Al Mobile) and its ability to control from MATLAB Graphical
User Interface (GUI). It involves several EE areas in microcontroller, wireless
communication and MATLAB. Secondary objective will be implementing artificial
intelligence (AI) in a robot to perform tasks intelligently and autonomously. The car
will be enhanced with systems like obstacles detection sensors, wireless camera,
wireless microphone, and speed alteration. These systems will be combined by the
PIC microcontroller and controlled from the remote computer with the aid of the MS
Visual Basic GUI. With these artificial intelligent systems, successful execution of
many human-in-loop manipulation tasks which directly depend on the operator’s skill
previously can be improved to: (i) permit easy and rapid incorporation of local
sensory information to augment performance, and (ii) provide variable performance
(precision- and power-} assist for output motions and forces. Such Al systems have
enormous potential both reduce operator error and permit integration of greater
autonomy into human and robot interactions which will eventually enhance security,
safety, and performance. The Al systems are built on an existing platform modified
from a remote controlled car. The processor used to coordinate the Al Mobile is the
microcontroller PIC16F84A. The independent subsystems for controlling the Al
Mobile via Microsoft Visual Basic include the serial communication interface,
switching circuit, microcontroller, RF Transmitter & Receiver and Visual Basic

programming.
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CHAPTER 1
INTRODUCTION

In general, this chapter provides basic information obtained throughout research from
various resources such as internet, journal, books and etc. In addition, it will explain
briefly about the project followed by problem statements, objectives and scope of

study.

The focus of this project will be implementing artificial intelligence in a robot to
perform tasks intelligently and autonomously. These systems are the robot platform,
interfacing circuits, mediated control systems, and software development. The robot
platform is an inexpensive commercial off the shelf (COTS) typical Remote
Controlled Truck. The mediated control systems will most likely be housed in the
interior of the mobile robot. It allows the Al mobile to make its own decisions to
avoid obstacles, detecting and controlling of wheel’s revolution per minute (RPM),
navigate the robot using wireless camera, and a 2-way microphone allowing

interactions between two ends.

Sensors play an important role in this mediated control systems. Primary sensors,
ultrasonic and infrared, will function as bumper sensors located at the base. These
sensor systems are to detect the robot’s environment and navigate around obstacles.
Additional sensors that will be used are wheel encoders and a wireless camera to give
information about the robot’s orientation and the distance traveled. The software
MATLAB GUI and programming codes that are being developed will provide the

mobile robot with artificial intelligence and help it perform useful tasks.

This project demonstrates that robots can be more useful and interesting when
equipped with Al. The design can also be used as a basis for a more application

specific robot such as a housekeeping robot, a warehouse stock transportation robot



or even intelligent vehicles (ak.a. smart car). Considerable research activity is
currently underway to create Intelligent Vehicle Highway Systems (ak.a. Smart
Highways) [1]. These Smart Highways are intended to solve traffic congestion by
allowing vehicles to travel more closely, assist drivers merge into traffic, and pass

slow moving vehicles.

Military and aerospace industries also have a considerable interest in Al for
improving the success of tasks carried out using unmanned semiautonomous vehicles.
As with the automotive systems, the military and aerospace systems can benefit from
sensing the environment and either communicating the data to the operator or acting

on the obstacle with a preprogrammed sequence of events.

1.1 Background of Study

Right now, all over the world, robots are on the move. They are painting cars at Ford
plants, assembling cookies for farms, walking into live volcanoes, driving train, and
defusing bombs. As they grow tougher, nimbler, and smarter, today’s robots are

doing more and more thing humans can’t—or don’t want to—do.

By general agreement, a robot is a programmable machine that imitates the actions or
appearance of an intelligent creature-usually a human. To qualify as a robot, a
machine has to be able to do two things: 1) get information from its surroundings; and
2) do something physical-such as move or manipulate objects. The word robot comes
from the Czech word robota, meaning drudgery or slave-like labor. It was first used
to describe fabricated workers in a fictional 1920s play by Czech author Karel Capek
called Rossum’s Universal Robots. In the story, a scientist invents robots to help

people by performing simple, repetitive tasks.

The ancient Greek poet Homer described maidens of gold, mechanical helpers built
by Hephaistos, the Greek god of metalsmiths. The golems of medieval Jewish legend
were robot-like servants made of clay, brought to life by a spoken charm. In 1495,

Leonardo da Vinci drew plans for a mechanical man. Real robots wouldn’t become



possible until the 1950s and 1960s, with the invention of transistors and integrated
circuits. Compact, reliable electronics and a growing computer industry added brains
to the brawn of already existing machines. In 1959, researchers demonstrated the
possibility of robotic manufacturing when they unveiled a computer-controlled

milling machine that made ashtrays [2].

The more interesting and exciting field of autonomous robotics relies on artificial
intelligence (Al). Robots that incorporate Al are more useful. Robots that are able to
make their own decisions and to “think” independently are also much more powerful,
which leads us to the idea of Artificial Neural Networks. [t is a system loosely
modeled on the human brain and an attempt to simulate within specialized hardware
or sophisticated software, the multiple layers of simple processing elements called
neurons. Each neuron is linked to certain of its neighbors with varying coefficients of
connectivity that represent the strengths (weights) of these connections. Learning is
accomplished by adjusting these weights to cause the overall network to output

appropriate results.

Today, robots are enjoying resurgence. Faster and cheaper computer processors make
robots smarter and less expensive. Meanwhile, researchers are working on ways to
make robots move and "think" more efficiently. Although most robots in use today
are designed for specific tasks, the goal is to make universal robots, robots flexible

enough to do just about anything a human can do.

1.2 Problem Statements

The mediated control of operation of various engineering systems is of tremendous
interest to many application arenas. For example, several companies in the
automotive industry such as Motorola, Delphi Automotive Systems, and
DaimlerChrysler are researching mediated control systems that can enhance overall
performance/safety of driving {3]. The proposed mediated control systems would use
a variety of sensors to monitor both the driver’s actions such as steering and braking
patterns as well as the environment such as road and traffic conditions. This
information would then permit them to respond to adverse driving conditions far

more rapidly than would be possible by the driver alone. In the industries,



there also exist a considerable amount of interests in mediated control for improving

the success of tasks carried out using unmanned semiautonomous vehicles.

The next problem identified is usage of assembly language in programming the robot.
The assembly language had been used a lot since assembly language was first
introduced before any high level languages. There seems to be quite number of
difficulties when using assembly language. Assembly language has a very complex
algorithm, sub modules and instructions. One need to understand how a memory
works to program using assembly language since all the memories used need to be
identified in the program. Other than that, it is hard for a programmer to search for

bugs and errors when using assembly language.

1.3 Objectives and Scope of Study

1.3.1 Objectives of the Project

The primary object of this project is to control a mobile robot using MATLAB
software which was accomplished during FYP I. While the secondary objective is to
design, build and test the Al Mobile that will utilize and ;dcmonstrate the use of
artificial intelligence towards different tasks. The general iwork for a robot is to
navigate through objects and perform tasks intelligently and ;autonomously. This Al
Mobile consists of three main parts: Host Computier (GUI Software —
MATLAB/Visual Basic), Wireless Communication (interifacing circuit) and Al
Mobile. The construction of the Al Mobile involves the dfi:sign and integration of
several major systems. The set goals drawn up between theéstudent and the lecturer
can be thought of a rubric with which the project will be judged. The project goals

include but are not limited to the following:

o Vehicle will be sturdy enough to cover mostly flat terrain and outdoors on
grass or dirt while carrying a payload of electronic equipments.
¢ Vehicle will be able to control via computer.

¢ Vehicle will be able to detect obstacles.



e Vehicle will be able to receive visual and audio signals from the remote
computer.
o Vehicle will be able to travel with a distance of at least 100m.

¢ Vehicle will be able to control its speed and lights.

1.3.2  Scope of Study

There are plenty of components involved in order to achieve all the goals mentioned

before. The major components that are required for this project will be:

* A host computer running the software MATLAB/Visual Basic GUI to control
the movements of the Al mobile as well as perform useful tasks.
¢ Communication link between PIC microcontroller and the host computer via
serial communication port. MAX232 is used to hook up the COM port with
the PIC microcontroller.
¢ A switching circuitry is required to connect the PIC microcontroller with the
remote control car.
e Wireless communication circuitry is essential as well to send instructions and
monitor the navigation of the Al Mobile.
* For artificial intelligent (Al) features, the mobile platform will have the
mediated control systems. The mediated control systems will consist of:-
o obstacle avoidance circuitry,
* ability to detect an obstacle.
o speed control and detection circuitry,
» ability to control the speed of the mobile robot and monitor
wheel’s RPM (Revolution Per Minute).
c monitoring system,
* consists of wireless camera and microphone.
o and maneuvering system,
» ability to maneuver the Al mobile using computer’s joystick or
game pad.
¢ A PIC microcontroller on the mobile platform itself for the coordination and

interaction with the entire system in the mediated control systems.



CHAPTER 2
LITERATURE REVIEW

In section 2.1, it will cover the history of robotics and technologies. Section 2.2
covers one of the main components which are the microcontroller, the main brain of
the system. Section 2.3 is about Serial Communication Interface, which will explain
on the standard serial connection between PC and external hardware. Section 2.4
would be the Wireless RF Transmission, encoder and decoder, for the data encoding
and decoding purposes and transmitter and receiver modules for the RF Transmission
for the remote control. Section 2.5, 2.6 and 2.7 discuss about the rest of the

components used in the project.

2.1 Robotics and Technologies

Robot has intelligence embedded in it, which is the reason it is capable to do tasks
without human interference. As stated in Webopedia [4], “Robot has a program that
runs automatically without human intervention”. This shows that robot is an
intelligent technology that could do task according to its environment. Robot can
understand its actions that need to be taken and this will contribute by helping human
to do task that is hard. Other than that, a robot is a high technology innovation that

requires lots of work to product it.

Industries need robot to help in manufacturing big products. As taken in Executive
Master’s in Technology Management article on 28 January 2004 [5], “the rise of
robotics in the manufacturing industry and increasingly, the service industry
continues to create greatest value where is can perform tasks that might typically be
done by humans, or that require something close to human intelligence to complete.
The key is in identifying the right tasks and the right balance of robot and human

interaction”, This piece of phrase shown that robotics are being used widely and



robotics usually use as a service for the human. Robots is a high marketable products

that needed by humans to satisfy themselves.

A journal by Green B.J. and Baharin L.B. [6] stated that “An intelligent robotics
system consists of a mechanism for acting on and within the environment in which it
operates.” Robotics is intelligent because it can interpret the environment into what
kind of actions it need to do. Therefore Green B.J. and Baharin 1.B. stated that
“Robot comprises several subsystems, namely: a sensor system, which capable of
obtaining knowledge about the state of the mechanism and the environment, a
controller and drivers, to guide the mechanism and the sensors in a desired manner,
and a planning and control system that decides on the actions and sensing in the
environment. A smart or intelligent robot should be able to think, sense, move and
manipulate material, parts, tools or specialized devices through variable programmed
motion for the performance of variety of tasks.” These had shown a very good

overview,

2.2 PIC16F84A Microcontroller

2.2.1 Introduction

Intelligence of the robot lies in the complex and lengthy algorithm uses in the
microcontroller. It is not easy to implement such algorithm if there is no good
support from the programming side. In PIC Microcontroller Project Book by lovine
J.[7], had listed down the advantages of using microcontroller. Some of it are
microcontroller is use widely because of its inexpensive and work as a brain of the
robot. Apart from that, microcontroller is capable to store and run program.
Microcontroller also has the ability to perform math and logic functions, which allow
it to understand sophisticated logic and electronic circuits. In the book “PIC
Microcontroller for beginners, too” [8] stated that microcontrollers have memories
which functions to store data. The microcontroller is the component that makes the
robot intelligent. It also accepts high level programming language too, such as C.
According to Gebhard, programming in a high level language has the advantage of
simplifying debugging and modification or adaptation of the code when compared to

assembly language [9].



PIC16F84A belongs to a class of 8-bit microcontroller of Reduced Instruction Set
Computer (RISC) architecture and it is based on the map representing basic blocks;
Program memory (FLASH) for storing a written program, EEPROM for data memory
that need to be saved when there is no power supply, RAM for data memory used by
a program during its execution, Free-Run Timer and Central Processing Unit (CPU).
Free-Run Timer is an 8-bit register inside the microcontroller that works
independently of the program while CPU has a role of connective element between
other blocks in the microcontroller. It coordinates the works of the other blocks and

executes the user program.

22,2 Applications

PIC16F84A (shown in Figure 1) perfectly fits many uses, from automotive industries
and controlling home appliances to industrial instruments, remote sensors, electrical
door locks and safety devices. It is also ideal for smart cards as well as for battery

supplied devices because of its low consumption.

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, efc.). Low cost, low consumption, easy handling and
flexibility make PIC16F84A applicable even in areas where microcontrollers had not
previously been considered (example: timer functions, interface replacement in larger

systems, coprocessor applications, etc.).

In System Programmability of this chip (along with using only two pins in data
transfer) makes possible the flexibility of a product, after assembling and testing have
been completed. This capability can be used to create assembly-line production, to
store calibration data available only after final testing, or it can be used to improve

programs on finished products.
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Figure 2  Serial Communication Interface Using RS232 and MAX232 [11]

Figure 2 is the schematic to interface the MAX232 with the RS232. Serial
communication is one of the methods used to send data from PC to external
hardware. The serial communication interface made’ communication between
microcontroller and PC significant to a system. In addition, the computer programs
capable to send data in bytes to the transmit pin (output) ;'md retrieve bytes from the
receive pin (input). A standard serial interfacing for PC, RS232 (as shown in Figure
3), requires negative logic, i.e., logic '1' is -3V to -12V and logic '0' is +3V to +12V.
Modern computer equipment ignores the negative level and accepts a zero voltage

level as the "OFF" state. In fact, the "ON" state may be achieved with lesser positive



potential. This means circuits powered by 5 VDC are capable of driving RS232

circuits directly.

However, the overall range that the RS232 signal may be transmitted/received may be
dramatically reduced, The output signal level usually swings between +12V and -
12V. The "dead area” between +3V and -3V is designed to absorb line noise. In the
various RS-232-like definitions this dead area may vary. For instance, the definition
for V.10 has a dead area from +0.3V to -0.3V. Many receivers designed for RS-232
are sensitive to differentials of 1V or less. To convert a TTL logic, say, TxD and RxD
pins of the uC chips, thus need a converter chip. A MAX232 chip has long been
using in many pC boards. It provides 2-channel RS§232C port and requires external

10uF capacitors.

1 2 3 4 5§
S S O A SO

R

I 1
6 7 8

Pin Signat Pin Signal
1 Dala Carrler Delect é Data Set Reagy
2 Received Data 7
3 Transmitted Data g Clear 1o Send
4 Datg_Terminal Beady 9 Ring Indicatgr
5 Signal Ground

Figure 3 RS$232 Connector Layout [11]

23.1 MAX232

The MAX232 device is a dual driver/receiver that includes a capacitive voltage
generator to supply EIA-232 voltage levels from a single 5-V supply. Each receiver
converts EIA-232 inputs to 5-V TTL/CMOS levels. These receivers have a typical
threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept +30-V inputs.
Each driver converts TTL/CMOS input levels into EIA-232 levels.

MAX232 has the following features:

»  Operates With Single 5-V Power Supply
»  LinBiCMOSE Process Technology

10



e  Two Drivers and Two Receivers
e  £30-V Input Levels
e  Low Supply Current (8 mA Typical)

Figure 4 illustrates the pin layout for MAX232.

Ci+ | ? ~ 16[] Voo
ve+[]2  15[J GND
c1-]]3 14[]] T1OUT
cz+{J]4  13[JRIN
c2-15 12[l R10OUT
va[le M TN
T2OUT 7  16[] T2IN
R2IN [} 8 9] R20UT

Figure 4 MAX232 Pin Layout [11]

2.4 Wireless RF Transmission

The radio frequency or in simple terms known as RF spectrum is crammed with noise
and other interference signals. While using a wireless remote control system, it is
desirable to filter out unwanted and interference signals to prevent incorrect data from

being received and interpreted.

One of method to achieve this condition is by using microcontroller at the transmitter
and receiver that are programmed with error detection and correction algorithms.
However, this approach is very complicated and difficult to implement. A much
simpler method to achieve it is to apply an encoder IC (HT12E) at the transmitter and
a decoder IC (HT12D) at the receiver side, These ICs able to generate and decode
multiple serial codes that should to be match with address bits before a data is
recognized and verified. Otherwise, without these ICs, Radio Frequency (RF) remote
control system occasionally activated themselves when receives transmission signal
mixed with an interference signal source. Encoding and decoding is now used in
most wircless control systems to prevent this type of interference and to provide

security to the system.
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24.1 HT-12E

The HT-12E encoder, as shown in Figure 5, is a CMOS LSIs 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 trigger on the HT12E further enhances the application flexibility of

encoder.

HT-12E has the following features:

e  Operating voltage of 2.4V~12V

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

e  Minimum transmission of four words for the HT12E

»  Built-in oscillator needs only 5% resistor

o  Data code has positive polarity

»  Minimal external components

. 18-pin DIP/20-pin SOP package

agt - 1eOvoo
A 02 17 [1DOUT
A203 16 [JOSC
A3 4 1510862
FYamE 14 OTE
A5 18 13ADM
FYinY; 12 [JAD10
Ar 8 11 JADS
yss 9 10 1ADS

Figure 5 HT-12E Pin Layout [12]

2.4.2 HT-12D

The HT-12D decoder, as shown in Figure 6, is a CMOS LSIs for remote control

system applications. It is paired with HT-12E encoders. For proper operation, a pair
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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
encoders that are transmitted by a carrier using an RF transmission medium. Tt
compared 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 that consists of N bits of
address and 12N bits of data. HT12D provide 8 address bits and 4 data bits.

HT-12D has the following features:

¢ Operating voltage of 2.4V~12V

e Low power and high noise immunity CMOS technology

¢  Low standby current

»  Capable of decoding 12 bits of information

»  Binary address setting

»  Received codes are checked 3 times

¢  Address/Data number combination (8 address bits and 4 data bits)
e  Built-in oscillator needs only 5% resistor

*  Valid transmission indicator

e  Easy interface with an RF transmission medium

. Minimal external components

7

ApC 18 [JVDD
A1[C2 17 [3VT
Az[]3 16 [JOSCH
A4 18 []osC2
A5 14 CDIN
A6 13 1011
as 7 12[7D10
ATL]B 11 {108
vss[]9 10 D8

Figure 6 HT-12D Pin Layouts [12]
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2.4.3 TLP434A Ultra Small Transmitter

TLP434 is a wireless data link comprises of radio frequency (RF) transmitter module

and it is selected for the system based on features below:
*  433.92 MHz Operation pairs
= Upto 500 ft range (outdoor) and 200 ft range (indoor)
* 2400 bps transfer rate
» Low cost (<RM50)

» Extremely small and light weight

TLP434 transmitter module supports up to 500 ft range (approximately 150 m) for
outdoors and 200 ft (approximately 60 m) for indoors. The operating frequency for
the transmitter and receiver is 433.92MHz and it operates from 2-12V. The higher
the voltage supplied, the greater the range the transmission achieved. The theory of
the transmission operation is simple and uncomplicated. The data at receiver outputs
is actually the data at the transmitter inputs. However, the transmitter data rates are
limited to 2400bps. The TLP434 transmitter is based on SAW resonator and

recognizes both linear and digital output,

The data transmission reliability is dependent on the external antenna which helps to
reach maximum range. For operating frequency 434MHz, a 17cm antenna is
recommended for better transmission. Furthermore, these RF modules require no
licensing since the transmitter and receiver are used in accordance with low power
devices such as remote control applications. Figure 7 shows the TLP434A RF

Transmitter,
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10.3om

pin1:GND
13, 2m pin 2 ; Data In
s : - pin3:Vecc
TTTT pin 4 : Antenna ( RF output )

2. Sdm

Frequency 315, 418 and 433.92 MHz

Figure 7 TLP434A RF Transmitter [13]

2,44 RLP434A4 SAW Based Receiver

RLP434 is a wircless data link comprises of radio frequency (RF) receiver. It is

paired with TLP434 transmitter module and has the same features as TL.P434:
* 433.92 MHz Operation pairs
» Up to 500 ft range (outdoor) and 200 ft range (indoor)
» 2400 bps transfer rate
» Low cost (<RM50)

« Extremely small and light weight

RLP434 receiver module supports up to 500 ft range (approximately 150 m) for
outdoors and 200 fi (approximately 60 m) for indoors. The operating frequency is
433.92MHz and it is operated at 5V, For a better reception, a 17cm antenna is
recommended. Figure 8 shows the RLP434A RF Receiver.

43. 42z pin 1 Gng
. > pin 2 : Digital Data Output
pin 3 : Linear Qutput fTest
I I . pin 4 : Vee
13-t pin§: Vee
hd ERE I I} 561 8 pin 6 : Gnd
Teem 2" T3 pin7: Gnd
pin 8 : Antenna

Figure 8§ RLP434A RF Receiver [13]
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2.5 Sensors

2.5.1 Infrared Sensor

A spectrally matched infrared source and sensor moulded in similar clear epoxy
housings. The source is a GaAs LED and the sensor an NPN silicon phototransistor
as shown in Figure 9. When used together, separation up to 25mm can be achieved.
They can be interfaced with logic circuits and applications include end of tape
detection, punched tape reading, event counting, limit switching etc. The diode has

shorter leads than the phototransistor.

phototransistor

flat-collector === . Diode
T flat-cathode

Figure 9 OP165 Emmiter & OP505D Phototransistor [14]

2.5.2 Ultrasonic Sonar Sensor

Transducer is an electronic device that converts energy from one form to another.
Common examples include microphones, loudspeakers, thermometers, position and
pressure sensors, and antenna. Although not generally thought of as transducers,
photocells, LEDs (light-emitting diodes), and even common light bulbs are

transducers.

A range of two transducers operating at 40kHz approximately and designed for
ultrasonic transmission and reception. The ultrasonic transmitter, 307-351 is capable
of emitting 106dB (0dB = 2 x 10-4pbar) and the receiver 307-367 has a sensitivity of
-65dB (0dB = 1/pbar/V/meter). These units can be used for the transmission of

continuous wave ultrasonic sound or for pulsed sound applications.

The applications for this sensor are burglar alarm systems, proximity switches, liquid
level metres, anti-collision devices, counters for moving objects, and TV remote

control systems. The shape and dimensions of this sensor is shown in Figure 10.
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Shape and dimensions

Unit mm

Aumomgm case

Sgagsnlegs sree! rmesh I-—- 16 —-1

12

5 -1.2
fe 10—
Figure 10  Ultrasonic Sonar Sensor (Transmitter & Receiver) [15}]

2.6 Video Capture Card - Fly Video 2000

Figure 11 LifeView FlyVideo 2000 FM TV-Tuner Video Capture Card [16]

Figure 11 is the FlyVideo 2000FM series is one standard TV tuner and video capture
card. It designed to satisfy different user needs while offering basic functions such as
TV reception, FM radio, video recording, and video capiuring. FlyVideo 2000FM
card is a single slot PCI card with a built-in 125-channel capable TV-tuner that

automatically scans antenna or cable TV sources for channels.

With the external audio and video inpufs, it can connect to a Wireless Camera and

wireless microphone. Incorporating the latest TV tuner technology within the
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FlyVideo 3000FM allows video viewing in a sizable, scaleable window (up to full

screen)} on PC monitor.

2.7 Wireless CCTV Kit

Figure 12 208C-50mW Wireless Camera & Receiver Kit [17]

CMOS Wireless Bird-Eye Micro Camera, as shown in Figure 12, is the smallest
video transmission device available in the market. It is suitable for homes,
workshops, warehouses, schools, offices, stores, gas stations, and any places that
wiring is not possible. In addition, it is also used by private investigators and law
enforcement agencies for surveillance and video monitoring. Main features include
wireless transmission and reception, long reception range, small compact size and
minimal weight, low power consumption, high sensitivity, low maintenance, easy

installation and operation, and easy concealment.

The bird-eye camera has a camera head and longer adjustable/interchangeable lens. It
provides supreme quality picture for uitimate surveillance video shooting. Various

interchangeable lenses can be purchased to serve special needs such as longer
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distance video shooting (up to 3 miles), close video shooting, wide-eye video

shooting, etc. The specifications of this kit are explained in details in Table 1.

Table 1 Wireless CCTV Kit Specifications

Effective Reception Range Up to 1000 feet “line of sight”
Resolution 380 lines

Scan Frequency EIA: 60 Hz

Output Frequency 0.9-12MHz

Minimum Illumination 2LUX

TV System NTSC

Output Power 50 mW

Power Supply DC 8V, 9V/12V

Power Consumption <960 mW

Camera Dimensions 25 mm x 33 mm x 33 mm
Receiver Dimensions S59mmx 115 mx20 mm
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CHAPTER 3
METHODOLOGY/PROJECT WORK

The methodology of the project is divided into Section 3.1 Procedure Identification,
Section 3.2 Development Stages and Section 3.3 Tools required. Section 3.1 covers
the processes of dividing the workloads for the two semesters, Section 3.2 covers the
process in developing the system in the period of time. Section 3.3 lists the tools

required for the project based on the tools identifications and subsystem design.

3.1 Procedure Identification

To implement the project, it is divided into two in order to distribute the workload for
the two semesters. First semester will be the literature review, research and building
an interfacing circuitry to interface the computer with the Remote Control. The
second semester will deal with the mediated control systems such as sensors, wireless
camera, microphone, integration of other devices to achieve the main objective that is
to create a mobile robot that operates in real-time with the mediated control systems

to increase the robots autonomy.

A methodology is used to develop this system, which is the Waterfall Model. The
waterfall model derives its name due to the cascading effect from one phase to the
other as is illustrated in Figure 13. In this model each phase is well defined at the
starting and ending point, with identifiable deliveries to the next phase. The phases
involve are requirement definition, system and software design, implementation and

unit testing and lastly, integration and system testing.
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Requirements

definition l

i System &
software design

h 4

F 3

Implementation
& Unit Testing l
1 Integration &
System Testing

F 3

Figure 13 Waterfall Model

In the first stage, which is requirements definition, the problem statements are
identified. With some research, the problem statements are stated. With the problem
statemnent, the objectives of the project are defined. The objectives will be the
solutions for the problems. With that, a research is done to identify the requirements
needed to build the mediated systems. Requirements on the components and tools
needed are listed and searched. Apart from hardware, types of software that is
compatible with the hardware used are decided. All these software and hardware are

to satisfy the objectives when building the system.

The next stage is the system and software design. In this stage, the components are
assembled and studied on the algorithm of the software is essential. All the possible
algorithms are laid out to identify the modules need when building the system. Other
than that, the robot body should be assembled in this stage before going on to the

next,

Subsequently are implementation and unit testing. This is where each components
assembled are tested and determined the binary values that will be assigned on them.
The respective mediated systems are then programmed and assessed individually to

ensure their functionality and to avoid any major errors.
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Finally will be the integration and system testing. This stage combines all the
systems together to perform the algorithm that is laid out in stage two. These
algorithms include obstacles avoidance and navigation, speed alteration, wireless
camera and microphone. The system will be tested thoroughly and check for errors.

If error occurred, it is needed to be identified and corrected.

3.2 Development Stages

The robot operates remotely through a transmitter, which sends a signal to a receiver
that passes the signal to a microprocessor that executes a control algorithm. The
microprocessor outputs control signals to drive and steer the robot. Figure 14 below
shows the standard configuration where the command sent from the transmitter

directly controls the mobile platform.

Transmitter Wireless RF

c cati Receiver
ni .
- e =

Figure 14 Command directly passes to mobile platform

With the configuration shown in Figure 14, the operator has direct control over the
mobile platform, which means that the success of a task depends completely on the
operator’s skill. In this project, investigation will be on the configuration the
configuration above with a computer inserted between the receiver and mobile
platform. The microprocessor will mediate the command sent from the transmitter

and the signal sent to the mobile robot.

Computer Wireless RF i
Transmitter Receiver Mediated Control Systems

Communication
_W o Mobile '

Figure 15 Real-time remote operations with computer and microprocessor mediation

Using the configuration in Figure 15 allows for computer mediation between the
command signal and the output signal sent to the mobile robot platform. Now when

an operator executes a task, the microprocessor can assist by sensing the environment
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and help guide the vehicle through a successful task by avoiding obstacles and
intercepting erroneous commands sent to the robot. Ultimately, burden can be taken
off from the mobile platform because the computer can now be used to run control
algorithms, and supply a graphical user interface (GUI). Reducing the burden on the
mobile platform is useful to save power, increase real-time sensing speed, and reduce

weight because fewer batteries will be necessary to run the mediated control systems.

Although the additional control features assist the operator in many ways, the tradeoff
lies in the fact that it takes some of the control away from the operator. For example,
if the mediated control system prevents the operator from steering into an object to
the side of the vehicle while this is clearly the better choice when faced with a head-
on collision. This project will use a scaled archetype to study some of these issues in

greater detail without having to build costly full-scale prototypes.

In implementing the project, it was divided into two in order to distribute the
workload for the two semesters. First semester will be the literature review, research
and building an interfacing circuitry to interface the computer with the Remote
Control. The second semester will deal with the mediated control systems such as
sensors, wireless camera, microphone, integration of other devices to achieve the
main objective that is to create a mobile robot that operates in real-time with the

mediated control systems to increase the robots autonomy.

3.3 Tools Required

For the implementation of the interface, the solution used involves hardware design.

To attain the goals, several devices are required to be used or built.

3.3.1 Hardware

¢ Remote Control Car

A remote controlled truck that would be rugged enough for the outdoors.

¢ PIC Microcontrollers
One of the potential PIC that will be used in the project is PIC16I'84A.
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MAX232 and R8232

Serial communication interface components.

IR and Ultrasonic Sonar sensors
While infrared sensors provide more accurate distance measurements over a
small distance range, they cannot be used for measurement of large distances,

where sonar sensors can be used.

Photo reflector

Wheel encoder to measure the distance traveled by the AT Mobile.

Wireless CCTV Kit — 208C-50mW Wireless Camera & Receiver Kit

Video and audio transmissions for the Monitoring System.

Wireless RF Transmission
A pair of RF ASK Hybrid Modules for Radio Control (RLP434 & TLP434)
and a pair of encoder and decoder (HT12E & HT12D).

Super Bright White Infrared LEDs
17 high output infrared LEDs (BG Micro) dismantled from a headgear.

3.3.2 Software

MathWorks MATLAB 6.1 / Microsoft Visual Basic 6.0
Programming application as one of the GUI tools used to control the Al

Mobile for the system.

PICC

C language for programming the PIC Microcontroller

Microchip MPLAB

Assembly language for programming the PIC Microcontroller

Warp 13

This software is the “Burner”, used to burn the .hex into PIC Microcontroller,

Eagle Layout Editor

Schematic drawings and Gerber files creation
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CHAPTER 4
RESULTS & DISCUSSION

In section 4.1, it discusses the overall architecture of the project. Section 4.2 discuss
about the selection of the robot platform with initial criteria have in mind. Section
4.3 covers the reasons for selecting the microcontroller PEC16F84A. Section 4.4
mentions about the success in transmitting the data using serial interface between PC
and the external hardware. The overall algorithm of the system is described in this
section as well. Section 4.5 explains the switching circuitry where it interfaces with
the RF receiver and microcontroller to control the relays and transistors. Section 4.6,

4.7, 4.8, 4.9 and 4.10 discuss about the remaining features the project get to offer.

4.1 Project Architecture

The specific architecture of the Al Mobile is similar to the block diagram shown in
Figure 16 where the command signal is transmitted from the Nikko radio control to

the receiver, which passes the signal to the steering servomotors and DC Motor.

Steering Servo

Mobile Platform

Remote k -é

Receiver

DC Motor

Figure 16 Remote Controlled Car without Augmentation

In this project, the architecture shown above in Figure 16 will be augmented with two

PIC microprocessors, mediated control systems, and wireless RF transmission to
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transfer data from a desktop computer to the Al Mobile. A block diagram showing
the AI Mobile architecture with augmentation planned is shown below in Figure 17.

T )

Sieering Servo

Mobile Platform

<«
'n.;.-

Bidirectional FYPI

-

Matlab GUI

3 / Remote - @
Control Receiver

]Ilterfacing x DCMotor | ,

Deskiop Circuit Microcontroller 7., 3. Gai :
__________ LAy ] 4 A5 |1 E
' — Rt h
' — - X
E - w ; Signal Signal PIC Mlcr;zconh'oiler :
: v le] E
: MS Yisua] Toystick Obstacle Avoidance E
i Basic 6.0 :
3 i
b 1

Figure 17 Al Mobile Architecture with Augmentation

The Al Mobile architecture allows the command signals sent from an operator to be
modified prior to steering and driving the vehicle based on the various sensors
feedback. The wireless transmitter can be used to transfer information to the mobile
robot while driving the Al Mobile.

4.2 Robot Platform Selection

To begin the project, it is first required to decide whether to design a mobile platform
or Jbuy an existing platform that it would mount microprocessors, camera, and
sensors. The conclusion is that the focus of this project is not to build the platform,
but to interface microprocessors with the drive motors and steering motors to allow

mediated control of the mobile platform.
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The objective is to have a mobile robot that would be rugged enough for the outdoors.
This conclusion led to the decision to buy a remote controlled (RC) truck. The truck
must be able to withstand years of use in a rugged environment as well as the ability
to easily modify components, add sensors and cameras, and mount microprocessor.
The most important design requirement is that it must be able to mount
microcontroller easily and the vehicle must be able to support and maneuver with the
additional weight of a PC, microcontrollers, sensors, and actuators. It is necessary
that the major electronic components of the remote controlled truck be separate to
permit me to insert a microcontroller. The power source for the vehicle must be
wireless allowing remote operation and the source must be reusable to be cost
effective. Another requirement for the mobile platform is to be able to mount
brackets, sensors, and camera to the vehicle. Some materials such as carbon

composite material may not be easily drilled and tapped and may crack.

Figure 18 is a picture of the Nikko Scenic RX4 RC truck that is chosen, which it has
all of the features listed above and has proven to be a very versatile and durable robot

platform as the prototype.

Figure 18 Nikko Scenic RX4
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4.3 Microcontroller

The intention is to keep the microcontroller in this project small and light enough to
mount on the robot platform with an adequate processing speed capable of reading
sensors while acting in real-time to mediate the input command. An Electronically
Erasable Programmable Read Only Memory (EEPROM) is required for the
microcontroller to allow programs modifications during debugging stage as well as
optimizing the control code. The capacity of the EEPROM and random access
memory (RAM) must be large enough to run a control algorithm.

Because of the familiarity and ease of programming/debugging, the PICI6F84A
microcontroller, which produced by Microchip Inc. is chosen. The PIC16F84A is
very lightweight, only requires a 5V source, is inexpensive, has a 20 MHz processor,
64 bytes Data EEPROM, and 68 bytes of Data RAM [18] which give the
microcontroller sufficient performance for this application. The microcontroller can
be used as an intelligent subsystem to handle sensors and camera and can be seen as a

smart peripheral device. Figure 19 shows the PIC16F84A Microcontroller.

Figure 19 PIC Microcontroller [10]

4.4 Communication Medium

4.4.1 Serial Communication Interface and RF Transmission

To interface the PIC16F84A with the host computer, serial communication interface
circuit is required. Serial communication interface is important to interface hardware
with computer. In this project, the RF remote controlled circuit is integrated with the

PC through this serial communication interface circuit shown in Figure 20.
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Figure 20 Serial Communication Interface and RF Transmission

The circuit consists of MAX232 to convert serial signal into 5V and 0V signal. For
the debugging stage, PIC16F84A is programmed to generate output when an input
character is sent through a serial communication from the system software. In Figure

21, a single layer PCB board is produced based on the schematic drawn in Figure 20.

Figure 21 Interfacing Circuit & Wireless RF Transmission

The Interfacing Circuit will allow transmission of signals from the board to the Host
Computer and vice versa. Different inputs from the Host Computer will trigger

different actions on the Al Mobile. The signals are generated from the System
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Software such as MATLAB or MS Visual Basic 6.0 which its inputs are given by the

User.

The B0 — B3 on the Microprocessor #1 are connected to four transistors respectively
to send signals to Remote Control to direct the movements of the Al Maobile. These
four outputs (BO — B1) each represents one button on the remote control which are
FORWARD, BACKWARD, LEFT and RIGHT. B4 — B7 are connected to the HT-
12E to send wireless signals to the Al Mobile to control the available features on it.
The signals sent are in 4-bit binary which each bit will represents each action to be
performed on the Al Mobile’s microcontroller. The table of the operating algorithm

is shown below.

Table 2 Microcontroller Operating Algorithm

System Software Microcontroller #1 )
Character sent B3 | B2 | Bl | B0 Actions
Q 0 1 0 1 i Car movement FORWARD LEFT
W 0 0 0 1 | Car movement FORWARD
E 1 0 0 1 | Car movement FORWARD RIGHT
A 0 1 0 0 | Car movement STEER LEFT
S 0 0 0 0 | Car movement STOP
D 1 0 0 0 | Car movement STEER RIGHT
Z 0 1 1 0 | Car movement BACKWARD LEFT
X 0 0 1 0 | Car movement BACKWARD
C l 0 1 0 | Car movement BACKWARD RIGHT
Character sent B7 | B6 | B5 | B4 | Actions
R 0 0 0 0 | Reset the Camera to its original position.
G 0 0 0 1 | Turning the Camera LEFT
J 0 0 1 0 | Turning the Camera RIGHT
N 0 0 1 1 | Tumning the Camera DOWNWARD
Y 0 ] 0 0 | Turning the Camera UPWARD
1 0 1 0 1 | Lights
2 0 1 1 0 | Walkie Talkie ON
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3 0 1 1 I | Walkie Talkie OFF
4 1 0 0 0 | Speed HIGH

5 1 0 0 1 | Speed LOW

6 1 0 1 0 | Sensor ON

7 1 0 1 1 | Sensor OFF

4.4.2 RF Receiver and Microcontroller #2
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Figure 22 RF Receiver and Microcontroller
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Figure 23 Receiver Circuit Board Figure 24 Receiver Circuit PCB Board

Figure 22 illustrates the schematic for the RF Receiver and Microcontroller #2.
Figure 23 and Figure 24 illustrate the Board Diagram and actual PCB Board
respectively. The receiver system circuit consists of HT-12D 4-bit Decoder, RLP434
receiver module and a simple valid transmit circuit. When transmitter module
transmitter transmitted data, the data is “pickup” by the receiver module that is
directly connected to data input pin at the decoder. The decoder will decode back the
encoded data and give appropriate outputs based on the data received. When there is
a valid transmission, the valid transmit circuit will light up the LED1 as indicator
there is a transmission going on. The pins B4 — B7 from Microprocessor #1 are

connected to the B0 — B3 in Microprocessor #2 at Al Mobile.
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4.5 Switching Circuitry
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Figure 25 Switching Circuitry

The switching circuitry, shown in Figure 25, is to interface the devices such as Lights,
Sensor, Car Motor, Servo Motors and Walkie Talkie to the microcontroller #2.
Several NPN Transistors are used as switches to turn on or turn off these devices.
Furthermore, there is an IC named 1.293 on the board. The L293 is an integrated
circuit motor driver that can be used for simultaneous, bi-directional control of two
small motors. The IC is turned ON to reduce the speed on the Al Mobile when
desired. Switching Circuit Board are produced in Figure 26 and Figure 27.

Figure 26 Switching Circuit Board Figure 27 Switching Circuit PCB Board
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4.6 Sensors

4.6.1 Infrared Sensors

Infrared works by sending out Infrared light from the Infrared LED in a fairly narrow
beam. These beams will be captured by the Infrared receiver. Infrared sensors are

used in the Al Mobile as the Speed Detector.

The infrared sensors are by pairing up the Infrared and Photoresistor. The function of
this circuitry is used in Speed Detection where allow the robot to detect the black
strip on the Al Mobile’s wheel. A circle consists of two colours, black and white, are
attached on the Al Mobile’s wheel. When black colour strip is detected, a signal will
be sent to the Output and e;ventuaily the pulses received by host computer will be

interpreted as distance traveled by the Al Mobile and its movement speed.

Figure 28 Speed Detection Circuit [19]
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Figure 29  Application of the Speed Detection circuitry [19]
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Figure 28 shows the schematic to use the infrared sensors. The operation of this
circuitry is rather simple, when the photodiode detector does not receive any signal
from the infrared emitter (in the black surface shown in Figure 29), the circuit will be
treated as open circuit. The output voltage will be equivalent with the V. which is
+5V (Bit *17). However, if the surface is white, IR beam will reflect the IR energy
back into the face of the Photodiode resistor. The output voltage across it will be 0 V
which also represents ‘0’ bit. The ‘1” and ‘0’ bits received from the output will be

used as an input to the microcontroller and act accordingly with the programming

language.

4.6.2 Ulirasonic Sonar Sensors

Figure 30 and Figure 31 show the board drawing and the actual PCB board
construction respectively. A pair of 40 KHz ultrasonic transducers detects moving
objects or human bodies up to 10 meters. The 40 kHz transducer is a relatively power
hungry device and it is powered by DC 12V @ 200 mA circuitry. An ultrasonic
motion detection circuitry is constructed shown below. The circuit uses 40 kHz
ultrasonic waves to detect moving objects. When objects are detected in the zone, the
reflected waves change its amplitude slightly. This change of amplitude causes the
circuit to actuate a miniature relay and the LED lights up for a few seconds. To
improve the performance of the detector, it should not be used at places where

interference from electric fans, insects and household pets are expected. It is not

intended for outdoor usage as well.

Ultrasonic Motion Detector

Figure 30 Ultrasonic Motion Detector Board | F gure 31

35



In response to moving objects in front of the transducers, the relay will be activated

promptly and the LED lights up for a few seconds. The LED and relay will remain

ON until the motion stops. The level of the DC voltage is directly proportional to the

speed of the moving object which means that the voltage is zero if the object is not

moving. The variable resister (VR) trimmer pot can be adjusted to appropriate level

of sensitivity depending on the environment where the Al Mobile is situated. Setting

it too high will induce false alarm. The schematic of the Ultrasonic Motion Detector

is shown in Figure 32.
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Figure 32 Ultrasonic Motion Detector Schematic




4,7 Hacking the Nikko Remote Control

O
—
To one of
the remote
2N3904 control's
100 ohms directions
—_— 8 (NPN)

OQutput
from PIC

S Ground

Figure 33  Switching circuit diagram

A simple junction transistor consists of a crystal of one type of doped semiconductor
sandwiched between two crystals of the opposite type. Transistor NPN 2N3904 is
used and is shown schematically in Figure 33 as the switching circuit. An NPN
transistor is connected, a voltage Vcg is maintained between the collector (C) and
emitter (E) by the battery in the remote control (9V). The voltage from the PIC is
applied to the base (B) is called the base bias voltage, Vee. If Vg is positive,
conduction electrons in the emitter (E) are attracted into the base. Since the base
region is very thin, most of these electrons flow right across into the collector (C),

which is maintained at a positive voltage and the button is on as if it is pressed.

Figure 33 shows only one of the four switching circuits required. The complete
switching circuit for all four directions was created as shown in Figure 34 (in

Breadboard form for better illustration).
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* Ground (-ve)

S

Figure 34 Switching Circuit

The two stereo jacks were connected to the circuit (one for Forward-Backward and
the other for Left-Right). The Nikko Radio Control is connected using stereo jacks
and sockets so that RC Car can be controlled by using computer and Radio Control.

The two jackets connected from the breadboard will eventually paired up with their
sockets at the Nikko Radio Control. Forward and Backward livers are connected to
one socket while Right and Left livers are connected to the other. The wires were
soldered on the four livers and were connected to two stereo sockets shown in Figure
35. If any of those livers is connected to the ground, signal corresponds to that liver
will then be sent from Radio Control to the AI Mobile. This can happen by triggering
any of the B0 ~ B3 pins (in Microprocessor #1) or by adjusting the radio control’s
joystick.
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Figure 35 Nikko Radio Control’s PCB Board

Furthermore, two holes are drilled carefully on the remote control to allow the
installation of the two stereo sockets (shown in Figure 36). The drilling is tough since
there is only limited space in the remote control. Proper planning and arrangement

are essential in order for the sockets to fit in nicely into the Nikko Radio Control,

Figure 36 Remote Control with two stereo sockets
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4.8 Interfacing Video Capture Card with Wireless Camera

To install the wireless camera, it is needed to attach the Reception Antenna to
Wireless Receiver by twisting into it. Then the wireless receiver is connected to the
Monitor with Audio/Video Cable. The Wireless Receiver is powered up with a DC
9V/12V Power Adapter. For the wireless camera, a DC 8V Power Adapter is
connected to Power Supply Socket of Wireless Camera. Note that incorrectly
connecting the Wireless Camera to the 9V/12V Power Adapter may cause permanent
camera damage. The lens-protecting cap from the camera lens is removed from the
camera and everything should be connected nicely. To obtain the best picture quality,
the Adjust Frequency Controller is adjusted. Wireless Camera lens can be adjusted to
a position that picture is in focus. The Wireless Camera can now be attached with the

servo motors to obtain pan and tilt movements. The detail connections are itlustrated

in Figure 37
Receptlxntenna Transmission Antenna
«
12v AdaPter Frequency Controller 9V Battery

—————p % Wireless Camera

] ]
, B FM Antennts ———p L2 j
= { Optizn | i
J\ 3 TV Arilenns =3 (il ;
[ :_, £ Camposit -
: 9 Wedee in *
> 2 € Al In ———— :
‘; @ £ SVidan Inrenmermi- '
‘a £ Audio sit—» E
el  Remote contrei = K T o R BN i
Sound Card cable porl - S
e S-peakom L
Line out Lf
Ly Blinein

IMic

Figure 37 Device Connections
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4.9 PIC Programming

This is the C program that programmed into the PIC Microcontroller to control the
movements of the Al Mobile manually, The program is written to receive 21
different inputs from the PC; 9 inputs for car movements, 4 inputs for Camera
movements, and the remaining 8 for features. Each input will trigger the Port B
which is the direction control register. For example, to make a left forward turn, a
character ‘Q’ will be sent to the PIC which trigger the PIN B0 and PIN B2 to be on.
Detail explanations are elucidated in Table 2 (page 30) and for complete PIC code

for Microcontroller #1 please refer to the Appendix D.

This simple programming code can be very handy in the future when the system gets
more complicated. It can be used as an initial test utility program to test for proper
mechanical assembly, controller operation, servo operation, electrical connections
and batteries. Simple routines are the easiest to use for troubleshooting and initial
tests, The microcontroller is programmed using C language. 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.

The flow chart on how to program a microcontroller is shown in Figure 38

Figure 38 Flow Chart to Program the Microcontroller
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4,10 Creation of Gerber Files

The software, EAGLE 4.13, is use to create schematics and Gerber files. When
making an actual printed circuit board based on the data made from CAD, the data of
Gerber form are used in many cases. Gerber data are the data formats which a
photograph plotter maker's Gerber Scientific Instrument Company created. All the
information (the position of a hole, a size, thickness of a line, etc.) for automating

manufacture of a printed circuit board is numerically expressed with Gerber data.

Gerber form is standardized as CAD output data of a printed circuit board. The
printed circuit board data created by EAGLE are the form only for EAGLE. It is not
Gerber form. Figure 39 s the Board Layout for Serial Communication Hardware
Interface, it is routed using a Single Layer which only the bottom of the PCB board is
printed with wires pattern. However, the Ultrasonic Motion Detector, shown in
Figure 31  (page 35), is using a Dual Layer pattern. The components are connected
via Bottom and Top layer of the PCB board. The process of making Dual Layer is

more time consuming than a conventional Single Layer pattern.

Figure 39  Serial Communication Hardware Interface Board Layout (Single Layer)
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The data made with EAGLE (*.brd) is convertible for a Gerber file with the following

operations.
Step 1: Open a board file (*.brd) which shown in Figure 31 and Figure 39

Step 2: To the beginning Drill Rack file is made. For carrying out this operation, type
in "run drillefg" to a command bar (as in Figure 40 ), and push an enter key. Then,
choose an inch as a unit, and push the OK button. The list of the drill size used now
is displayed. On this screen, push the OK button, without doing anything, and
progress to the next. The dialog which saves a Drill Rack file (*. drl) is displayed.
Save this file in the same folder as a board file (*. brd). The information written to
the board file is used in CAM Processor performed next. Therefore, *.drl must be in

the same folder.

TO1 D.024in
T02 0.031in
T03 0.032in
T04 0.044in

41706 0.126ih

Figure 40 Step 2 Creation of Drill Rack File
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Step 3: Next is to create the Excellon drill files shown in Figure 41 . Choose
"CAM" with an icon bar. Thereby, the fo]lowing dialog of CAM Processor is
displayed. Choose "Open" by the file menu of a CAM Processor dialog, and choose
"Job" further. Choose "excellon.cam" from the list displayed, and push the open
button. Check the items setup of Generate drill data, and push the "Process Job"
button. The setting items are left default when details are not known. The Excellon

drill files (*. drd, *.dri) are made by this processing.

Hrdgimas P -
i o ko

Fadpps A Procesicr Job Fioa oy v]

Figure 41 Step 3 Creation of Excellon drill files

Step 4: Lastly, to create Gerber files. Choose File -> Open -> Job like creation of
Excellon drill files. Choose "gerb274x.cam" from the displayed list, and push the
open button (shown in Figure 42 ). As for a Gerber file, EIA standards RS-274 are
common. In the plotter control format of GSI (Gerber Scientific Instrument),
"gerber.cam” is used maybe. Check the items setup of Generate drill data, and push
the "Process Job" button. The setting items are left default when details are not
known. The Gerber files ( *.cmp, *.sol, *.ple, *.stc, *.sts, *.gpi ) are made by this

processing.
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Figure 42  Step 4 Creation of Gerber files

The following Gerber files can be made from the above processing (Step 1 —4).

*.drl
*dri
* sol
* st
* sts

*.gpi

Drill rack data *.drd Excellon drill description
Excellon drill tool description *.cmp Component side data
Solder side data *.plc  Component side silk screen data

Component side solder stop mask data
Solder side solder stop mask data

Gerber photoplotter information data
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4.11 System Software

4.11.1 MathWorks MATLAB 6.1

The Graphical User Interface, or GUI, refers to the now universal idea of icons,
buttons, etc., that are visually presented to a user as a “front-end” of a software
application. Most of us would consider a software application that accepted only
keyboard-entered commands as quite archaic, and even down right primitive. Not to
be behind the times, the MathWorks had provided MATLAB programmers with a set
of structured event driven components in the form of user interface controls
(uicontrols) and menus (nimenus) that can be easily be assembled and used to create
GUIs [20].

GUIDE, the MATLAB Graphical User Interface Development Environment, provides
a set of tools for creating GUIs. These tools greatly simplify the process of laying out
and programming a GUL

The system software is the only component that interacts with user. User can gain full
control on the software in order to control the system. The software is developed
using MATLAB GUI programming application and the design is user friendly. The
MATLAB created is shown in Figure 43

GHET)

" RIGHT TURN

Last Status: STOP)

©o - LEFTTUAN.

" BACKWARD Fllﬁ!-lj!

Undated 2 Sep 2006
by Lamy

BACKWARD LEFTI S

Figure 43 MathWorks MATL.AB 6.1 GUI System
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4.11.2 Microsoft Visual Basic 6.0

Visual Basic provides complete set of tools to simplify rapid application
development. The "Visual" part refers to the method used to create the graphical user
interface (GUI). Rather than writing numerous lines of code to describe the
appearance and location of interface elements, user can simply add prebuilt objects
into place on screen. The "Basic" part refers to the BASIC (Beginners All-Purpose
Symbolic Instruction Code) language, a language used by more programmers than
any other language in the history of computing.

The remote control system is pc-based and the only component that interacts with
user is the software subsystem. The software is developed in such a way that it can
give a better contro! for user with simple interface and lots of functions. The software
is developed using Microsoft Visual Basic 6; a very powerful programming tool that
is easy to learn and use. The Visual Basic programming and designing, shown in
Figure 44 , have several features such as capturing inputs from joystick and
keyboard (Maneuvering System), controlling the Lights (Lighting System) and the
Serial Communication Port interfacing. For detailed programming code please refer

to Appendix F.

R Mol by Laivry Tooh 20fg T S S L o T i e 1 T [ LT T L T b e T e e .
B3 Wbl by Lairy Tools 2006 j o 6 Wik vy ey T 008 A R = T U_‘E'ﬂ

- e : o

‘Wersion 1.0by Loy Tech

;. ¥edon 10 by Ly Tech

Staer “Feenand

Capturing keyboard’s inputs when
joystick is not initiated.

Keyboard capturing disabled
when Joystick is initiated.

Figure 44 Visual Basic GUI System
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CHAPTER 5
CONCLUSION & RECOMMENDATIONS

The implementation on controlling the AT Mobile via MATLAB GUI is completed in
the FYP 1. Through all the development stages and organized planning, the project
met its objectives to control a RC truck using MATLAB. For the FYP II, the focus is
implementing artificial intelligence in the Al Mobile to perform tasks intelligently
and autonomously. By using the PIC16F84 microcontroller, the signal transmission
is more stable and reliable. As for the serial communication between PC and the RF
remote control, users were be able to control the RC truck with just a single click on

the system software,

Through all the development stages and organized planning, the project met most of
its objectives as an Artificial Intelligent Remote Control Car (Al Mobile). The Al
Mobile can be driven and controlled from the PC via keyboard or joystick.
Furthermore, it has numerous features, such as wireless camera, head lights, 2-way
communications system, speed alteration, and speed detection, which enabled it to be
more viable and marketable, The system software was upgraded from MATLAB in
FYP 1 to Microsoft Visual Basic 6.0 in FYP lI. The reason being the Microsoft
Visual Basic is more reliable, stable and effective. In addition, it is more suitable for
the application in this project because the system software is the only components
that communicate with the user so it needs to be very user fr;iendly as it also handles

complex operation “behind” user’s knowledge.

The use of microcontroller is efficient for managing control of inputs and outputs.
PIC16F84A is easy to use and cost effective. The microcontroller is very reliable in
receiving inputs from the PC and giving outputs to the encoder. The transmitter and
receiver for this system used a 4-bit encoder and 4-bit decoder respectively. The

transmitter part is the one that is connected to the PC, which transmit appropriate
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signal to the receiver. The receiver part is where all the features on the AT Mobile are

attached.

One of the major factors in difficulties during the whole project is constructing each
of the features available and putting them all together into one piece. A lot of
knowledge such as Circuit Theory, Analog, and Communication System are required
to complete this project. On top of that, programming skills in PIC C, MATLAB and
Visual Basic are essential as well. PIC C is used to program the microcontroller to
receive signal from the PC and transmit signals accordingly to control the movements

of the servo motors and the rest of the features available on the Al Mobile.

There are several recommendations based on the completion of the project. The
system can be upgraded with more operation of microcontroller. More complex
microcontroller may be needed for it able to handle more complex input from the
system software. This may reduce the number of receiver to be used for a certain

number of electrical appliances to be handled.

The used of the system can be extended to a further distance. A more expensive RF
module device can be added in this project replacing the existing one. Also, a need
for users to be able to control the system from outside the area can be taken into
consideration. By using internet, it is possible for user to communicate with the
system software installed at local PC. As for this, system softwarc needs to be

upgraded so that it can support such features.

The microcontroller can be programmed to have more functions such as predefined
route and the system software can be upgraded to support this feature. In addition, it
can be improved further by installing a GPS system on this machine. To “increase”
the intelligent of the AI Mobile, Vision Interpretation System code. can be written in
the system software so that the Al Mobile can recognize road signs or people and

response accordingly.
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APPENDIX C
Flyer for Engineering Design Exhibition (EDX)
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APPENDIX D

PIC C - Microprocessor #1 (Transmitter)

C-l-CR B R o

#include <1684a.h>
#include <stdio.h>

#fuses XTNOPROTECT,NOWDT

#use delay(clock=8000000)

{f depends on OSC speed (8MHz)

#use 15232(baud=9600, xmit=PIN_AQ, rcv=PIN_Al)
// #use fixed_io(a_outputs=PIN_A2, PIN_A3, PIN_A4)

main ()

int from_pe;
set_tris_B(OxFF);

do{

from_pc=getch();

if (from_pe==81} {
output_high(PIN_B2);
output_high(PIN_BO0};
putc(81Y;

}

if {from_pc==87) {
output_high(PIN_BO}),
putc(87);

}

if (from_pec==69) {
output_high(PIN_B3),
output_high(PIN_B0);
putc{6%);

H

if (from_pc==065) {
output_high(PIN_B2);
putc(65);

}

if (from_pe==83) {
output_low{PIN_B0),
output_low({PIN_B1);
output_low(PIN_B2);
output_low(PIN_B3);
putc{83);

}

if (from_pc==68) {
output_high(PIN_B3);
putc(68),

}

if {(from_pc==90} {
output_high(PIN_B2);
output_high(PIN_B1);
putc(50),

}

if (from_pc=—=88) {
output_high{PIN_B1);
putc(88);

H

if (from_pe=67) {
output_high(PIN_B3};
output_high(PIN_B1);
putc(67);

}

/f Receive char'Q' from PC
ff Tum left
/f Move forward,to make left-front turn for 0.5

/I Receive char "W' from PC
/f Move forward for 0.5 s

/Il Receive char'E' from PC
/f Turn right
/1 Move forward,to make right-front turn for 0.5s

/t Receive char'A' from PC
H Steer left

/I Receive char'S' from PC
// Stop all movement immediately

/f Receive char'D' from PC
I Steer right

/f Receive char 'Z' from PC
{/ Backward left
/f Move backward,to make left-back tumn for 0.5s

/f Receive char X' from PC
/f Move backward for 0.5 s

{/ Receive char 'C' from PC
{ Backward right
/f Move backward,to make right-back tumn for 0.5s

VI
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/f Camera Movements

if (from_pe==T71) {
outpui_high(PIN_B4),
output_low{PIN_B3),
output_low{PIN_B6),
output_low(PIN_B7),
putc(71);

}

if (from_pe==74) {
output_low(PIN_B4);
output_high(PIN_BS);
output_low{PIN_B6),
output_low(PIN_B7),
putc(74);

}

if (from_pc=72) {
output_high(PIN_B4);
output_high(PIN_B5);
output_high(PIN_B6);
output_high(PIN_B7});
pute{72);

}

if (from_pc==78) {
output_high{(PIN_B4);
output_high(PIN_B5),
output_low{PIN_B6),
output_low(PIN_B7);
putc(78);

}

if (from_pc=289) {
output_low{PIN_B4),
output_low({PIN_B3),
output_high{PIN_B6):
output_low{PIN_B7),
putc(89),

}

/{ Features

if {from_pc==49) {
output_high{PIN_B4),
output_low{PIN_B5},
output_high(PIN_B6),
output_low{PIN_B7),
delay_ms(500),
output_high(PIN_B4),
output_high{PIN_B5);
output_high{PIN_B6);
output_high{PIN_B7);
putc(49);

)

if (from_pe==50) {
output_low(PIN_B4};
output_high(PIN_BS5),
output_high{PIN_B6};
output_tow(PIN_B7);
putc(S0);

H

if (from_pc==51) {
output_high(PIN_B4});
output_high(PIN_BS5);
output_high(PIN_B6);
output_low(PIN_B7),
pute{51);

}

if (from_pe==52) {
output_low(PIN_B4),
output_low(PIN_BS5);

// Receive char'G' from PC
/f Camera moves LEFT
// Send signal 00 0 1

/! Receive char')' from PC
/f Camera moves RIGHT
# Send signal 0010

// Receive char 'H' from PC
/f Lights off (change signal)
/ Sendsignal 1 111

/1 Receive char 'N' from PC
/{ Camera moves DOWN
// Send signal 00 11

/ Receive char'Y' from PC
{/ Camera moves UP
/ Send signal 01 00

/ Receive char "1’ from PC
// Lights
/1 Send signal 0101

/i Lights
/ Send signal 11 1 1

{/ Receive char '2' from PC
i Speaker ON
{/ Send signal 0 1 £ 0

// Receive char '3 from PC
// Speaker OFF
// Send signal 0111

// Receive char'¢' from PC
/f Speed HIGH
/ Send signat 1000

VII
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output_low(PIN_B6),

149 output_high(PIN_B7};

150 pute(s2);

151 }

152

153 if (from_pc==53) { {/f Receive char '5' from PC
154 output_high(PIN_B4); // Speed LOW
155 gutput_low(PIN_B5), /f Send signal 100G 1
156 output_low(PIN_B6);

157 output_high(PIN_B7);

158 putce(53);

159 }

160

161 if (from_pc==54) { // Receive char'6' from PC
162 output_low{PIN_B4); /f Sensor ON
163 output_high(PIN_BS5), /f Send signal 1010
164 output_low(PIN_B6);

165 |  output_high(PIN_B7);

166 putc(34);

167 }

168

169 if (from_pc==55) { /f Receive char'7* from PC
170 output_high(PIN_B4); // Sensor OFF
171 output_high{PIN_BS5); / Sendsignal 1011
172 output_low(PIN_B6),

173 output_high(PIN_B7};

174 pute{55);

175 }

176

177 if (from_pe=—82) { /! Receive char 'R' from PC
178 output_low(PIN_B4), {f Reset to Default ON
179 output_low{PIN_B53); // Send signal 0000
180 output_low(PIN_B6);

181 output_low(PIN_B7);

182 putc(82);

183 |}

184

185 if (input(PIN_A4)==1} { // Signal from Wheel

186 putc(80Y; /i Send char "P" to PC

1871 1}

188

189

160 } while(TRUE),

191 1}

192
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APPENDIX E
PIC C — Microprocessor #2 (Receiver)

1 #include <16f84a.h>

2 #include <stdio.h>

3 #fuses XT,NOPROTECT,NOWDT

4 #use delay(clock=80G0000) // depends on OSC speed (8MHz)

5 #use fixed_io(b_outputs=PIN_B4, PIN_B35, PIN_B6, PIN_B7)

6 #use fixed_io(a_outputs=PIN_AD, PIN_A1)

7

&

9 void defay_var (char n);

10 void defay_10us (char n);

11

12

13 | veid main{void)

14

15

16

17 char pan=130, / total time 1.3ms center position

18 char tilt=210; / begining position

19 int pc;

20 set_tris_B(OxFF);

21 cutput_low{PIN_B0);

22 output_low{PIN_B1),

23 output_low(PIN_B2),

24 output_low(PIN_B3},

25 output_low{PIN_B4},

26 output_low(PIN_B5),

27 output_low{PIN_B6},

28 output_low(PIN_B7);

29 output_low(PIN_AO);

30 output_tow(PIN_A1),

31

32 while(l) // endless loop

33

34

35 output_high(PIN_B4), {// B4 output pan motor

36 if (pan>0) // Pan (Left/Right)

37  delay_var(pan),

38 output_low{PIN_B4},

39 delay_ms(20); #f 20 ms delay before next pulse

40 if (input(PIN_B3¥==0 && input(PIN_B2)==0 && input(PIN_B1)}==0 && input(PIN_BOy—1 && (pan<204)) //r1eceive 0001
41 pan++; /f Tuming Left

42 if (input(PIN_B3¥=0 && input(PIN_B2)==0 && input(PIN_B1)=1 && input(PIN_B0)=0 && (pan>40)) /receive0010
43 pan--; /f Tuming Right

44 if (input(PTN_B3)==0 && input(PTN_B2)y=0 && input(PIN_BI =0 && input(PIN_B0)=0) // receive 0000
45 pan =130, # Reset to Original Location

46

47

48 output_high(PIN_B3), {/ B5 output tilt mator

49 if (tilt=0) # Tilt (Up/Down)

50 delay_var(tilt);

51 output_low(PIN_B5);

52 delay_ms{20); /1 20 ms defay before next pulse

53 if (input{PTN_B3)==0 && inpwt{PIN_B2)=0 && input{PIN_B1)==I && input(PIN_BO)}=1 && (1ilt<210)) // receive 00 1 1
34 il H Tuming Downward

55 if (input{PIN_B3)==0 && input(PIN_B2)=" && input(PIN_B1)==0 && input(PIN_BO}=0 && (tilt>100)) //receive 0100
56 filt--; /f Tuming Upward

57 if (input(PIN_B3)=0 && input{PIN_B2)}==0 && input(PIN_B1)}—0 && input(PIN_B0)==0) Hreceive Q000
58 tilt= 210, / Reset to Original Location

59

60

61 / Light

62 if (input(PIN_B3)}==0 && input(PIN_B2)="1 && input(PIN_B1}=0 && input(PIN_B0)}==1} ffreceive 0101
€3 output_high(PIN_B6), {/ Light Tapping

64 if (input(PIN_B3y=1 && input(PIN_B2y=1 && input(PIN_B1)=1 && input{PIN_B0)}==1} freceive 1 111
65 output_tow(PIN_B6}); {/ Light Tapping

66

67 / Walkie Talkie

68 if (input{PIN_B3)==0 && input(PIN_B2)y=1 && input{PIN_B1)==1 && inpur(PIN_BG)y=0} Hreceive0 1 10
69 output_high(PIN_B7); // walkie talkie ON
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70 if (input(PIN_B3)==0 && input(PIN_B2)=I && input(PIN_B1}=1 && input(PIN_B0)y=1} Hreceive 0111
71 output_low(PIN_B7), / walkie talkie QOFF

72

73 // Speed Control

74 if {input(PIN_B3)=1 && input{PIN_B2)==0 && input{PIN_B1)}=0 && input(PIN_B0)=0) Hreceive 1000
75 output_high{PIN_A0Q); /f Speed Low :

76 if {input(PIN_B3)=1 && input{PIN_B2)=—0 &é& input{ PIN_B1 =0 && input(PIN_BOy—1} Hreceive 1001
77 output_low{PIN_AOQ), // Speed High

78

7% / Sensor Control

80 if (input(PIN_B3)==1 && input{ PIN_B2}=0 && input(PIN_B1)==1 && input(PIN_B0)y==0) Hreceive 1010
81 output_high(PIN_AT}), f Sensor ON

82 if (input(PIN_B3)==1 && input{PIN_B2)==0 && input(PIN_B1)=1 && input(PIN_BO)=1) Hreceive 1011
83 output_low{PIN_A1l), /f Sensor OFF

84

85

86 }

87 } // end of main

83

89 void delay_var (char n)

90 {

91 do {

92 delay_us(10});

93 } while(-n>0},

94 }

95




APPENDIX F
Visual Basic Programming Code (v1.0)

00~ Oh Lh = W b)) =

‘Joystick

Option Explicit

Dim dx As New DirectX8

Dim di As Directlnput8

Dim diDEV As DirectInputDevice8

Dim diDevEnum As DirectinputEnumDevices8
Dim joyCaps As DIDEVCAPS

Dim js As DIJOYSTATE

Dim xPos, yPos, rxPos, ryPos As Integer
Dim ruaning As Boolean

Dim DiProp_Dead As DIPROPLONG
Dim DiPRop_Range As DIPROPRANGE
Dim DiProp_Saturation As DIPROPLONG

'Keyboard

Dim diState As DIKEYBOARDSTATE 'the key states.
Dim iKeyCounter As Integer

Dim aKeys(255) As String  'key names

Private Sub bye_Click()
Unload Me
End Sub

Private Sub ecmdlnitialize_Click()
cmdInitialize. Enabled = False
disconnect Enabled = True

' Keyboard disabled

IstKeys Clear

IstKeys.Addltem "Keyboard Disconnected", 0
tmrKey.Enabled = False

diDEV .Unacquire

' Joystick enabled
runaing = True
Set di = dx, DirectinputCreate
Set diDevEnum = di.GetDIDevices(DISDEVCLASS_GAMECTRL, DIEDFL_ATTACHEDONLY)
Set diDEV = di.CreateDevice(diDevEnum.Getltem( | ). GetGuidInstance})
' dibDevEnum.Getltem(1) using First GamePAD
diDEV.SetCommonDataFormat DIFORMAT _JOYSTICK
diDEV.GetCapabilities joyCaps
With DiProp_Dead

AData = 1000

AHow = DIPH_BYOFFSET

10bj = DIIOFS_X
diDEV SetProperty "DIPROP_DEADZONE", DiProp_Dead

10bj = DIJOFS_Y
diDEV.SetProperty "DIPROP_DEADZONE", DiProp_Dead

End With

With DiProp_Saturation
IData = 8000
IHow =DIPH_BYOQOFFSET

1Obj = DIJOFS_X
diDEV .SetProperty "DIPROP_SATURATION", DiProp_Saturation

|Obj = DIJOFS_Y
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diDEV SetProperty "DIPROP_SATURATION", DiProp_Saturation
End With

With DiPRop_Range
How =DIPH_DEVICE
AMin=0
AMax = 10000

End With

diDEV.SetProperty "DIPROP_RANGE", DiPRop_Range

diDEV.Acquire
status.Caption = "Established Communications"
callback

End Sub

Private Sub Command]_Click{Index As Integer)
MSComm1.Output = Chi{&H51)

Label2.Caption = "Status : Forward Left" 'change labef to normal
Label2.ForeColor = HFF0000  ‘change foat color to BLUE
Label2 FontBold = False

End Sub

Private Sub Command10_Click()
disconnect.Enabled = True
End Sub

Private Sub Command11_Click()
End Sub

Private Sub Command2_Click(}

MSComm]1.Output = Chr(&H57)

Label2 Caption = "Status : Forward" 'change label to normal
Label2.ForeCotor = &HFF0000 'change font color to BLUE
Label2. FontBold = False

End Sub

Private Sub Command3_Click(Index As Integer)
MSComm1.Output = Chr(&H45)

Label2.Caption = "Status ; Forward Right" ‘change label to normal
Label2.ForeColor = &HFFO000 'change font color to BLUE
Label2.FontBold = False

End Sub

Private Sub Command4_Click(Index As Integer)
MSComml.Qutput = Chr(&H41)

Label2.Caption = "Status : Steer Left" ‘change label to normal
Label2.ForeColor = &HFFO000  ‘change font coler to BLUE
Label2.FontBold = False

End Sub

Private Sub Command5_Click(Index As Integer)
MSCommi.Output = Chr{&H53)

Label2.Caption = "Status : STOP" 'change label to normal
Label2. ForeColor = &HFF& ‘change font color to RED
Label2.FontBold = True

End Sub

Private Sub Command6_Click(Index As Integer)
MSComm].Output = Chi{&H44)

Labe)2.Caption = "Status : Steer Right" ‘change label to normal
Label2 ForeColor = &HFF0000 'change font color to BLUE
Label2 FontBold = False

End Sub

Private Sub Command7_Click(Index As Integer)
MSComm1.Output = Chi{&H5A)
Label2.Caption = "Status : Backward Left” ‘change label to normal

Labe}2.ForeColor = &HFF0000  'change font color to BLUE
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Label2.FontBold = False

149 | End Sub

E50

I51 | Private Sub Command8_Click(Index As Integer)

152 [ MSComml.Qutput = Chr{&H58)

153 | Label2.Caption = "Status : Backward" 'change label to normal

154 | Label2.ForeColor = &HFFQ000 ‘change fent color to BLUE

155 | Label? FontBold = False

156 | End Sub

157

158 | Private Sub Command?_Click(Index As Integer)

159 | MSComml.Output = Chr{&H43)

160 | Label2.Caption = "Status : Backward Right" 'change label to normal

[61 { Label2 ForeColor = &HFF0000 'change font color to BLUE

162 | Label2.FontBold = False

163 | End Sub

164

165

166 | Private Sub disconnect_Click{)

167 | disconnect.Enabled = False

168 | cmdlnitialize.Enabled = True

169 | carstatus.Caption = "Disconnected”

170 | carstatus.ForeColor = &H0& ‘change font color to BLACK

171 | carstatus. FontBold = False

172

173 1 ' Joystick

174  running = False

175 | joylmain.Picture = imgempty.Picture

176 | joy2main.Picture = imgempty. Picture

177 | status.Caption = "Joystick Disconnected"

178

179

180 | ' Keyboard

181 | IstKeys.Clear

182 | lstKeys, Addltem "Keyboard Connected", 0

183 i Setdi= dx.DirectInputCreate() 'create the object, must be done before anything else

184 | If Err.Number <> 0 Then 'if er=0 then there are no errors.

185 MsgBox "Error starting Direct Input, please make sure you have DirectX instatled”, vbApplicationModal
186 End

187 [ EndIf

188 | Set diDEV = di.CreateDevice("GUID_SysKeyboard") 'Create & keyboard object off the Input object
189 | diDEV.SetCommonDataFormat DIFORMAT_KEYBOARD 'specify it as a normal keyboard, not mouse or joystick
190 | diDEV.SetCooperativeLevel Me.hWnd, DISCL_BACKGROUND Or DISCL_NONEXCLUSIVE
191 '~ get coop level. Defines how it interacts with other applications, whether it will share with other
192 " apps. DISCL,_NONEXCLUSIVE means that it's multi-tasking friendly

193 | Me.Show 'show the form

194 | diDEV. Acquire 'aquire the keystates.

195 | tmrKey.Interval = 10 'sensitivity, in this case the repeat rate of the keyboard

196 | tmrKey.Enabled = True 'enable the timer, this has the key detecting code in it

197

198 | End Sub

169

200 { Private Sub Form_Load(}

201 | tick.Enabled = True

202 | disconnect.Enabled = False

203 | running = True

204

205 | ' Keyboard Settings

206 | Set di = dx.DirectlnputCreate() ‘create the object, must be done before anything else

207 | If Err.Number <> 0 Then 'if er=0 then there are no errors.

208 MsgBox "Error starting Direct [nput, please make sure you have DirectX installed", vbApplicationModal
209 End

210 | End If

211 | Set diDEV = di.CreateDevice("GUID_SysKeyboard"} ‘Create a keyboard object off the Input object
212 | diDEV.SetCommonDataFormat DIFORMAT_KEYBOARD ‘specify it as a normal keyboard, not mouse or joystick
213 | diDEV.SetCooperativeLevel Me hWnd, DISCL_BACKGROUND Or DISCL,_ NONEXCLUSIVE
214 '~ get coop level. Defines how it interacts with other applications, whether it will share with other
215 " apps. DISCL_NONEXCLUSIVE means that it's multi-tasking friendly

216 | Me Show 'show the form

217 | diDEV.Acquire ‘aquire the keystates.

218 | tmrKey.Interval =10 'sensitivity, in this case the repeat rate of the keyboard

219 | imrKey.Enabled = True ‘enable the timer, this has the key detecting code in it

220

221

222 | 'Coml Port Settings

223 | Dim Pins As Long

224

225 | ' Use COMI
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226 | MSComm!.CommPort = |
227
228 | 9600 baud, no parity, 8 data bits, 1 stop bit
229 | MSComm] Settings = "9600,N,8,1"

230
231 | ' Disable DTR

232 | MSComm]l.DTREnable = False
233
234 | 'Open the port

235 | MS8Comm].PortOpen = True
236
237
238
239 ‘Initialize

240 MSComml.InputMode =0 'take ascii as input
241 MSComml InputLen =1 'limitation for input
242 MSComml.RThreshold =1

243
244 LG T AN DR TLLELTD LY
245
246
247
248 | End Sub
249
250 | Private Sub Form_Unload(Cancel As Integer)
251 | 'Joystick

252 | running = False

253
254 | 'Keyboard

255 | diDEV.Unacquire

256

257 | End Sub

258

259 | Public Sub callback()
260

261 | Dimi As Integer
262 | Dim p As Integer

263

264 [ p=0

265

266

267 | While running = True

268

269 diDEV.GetDeviceState]oystick js

270

271

272 For i =0 To joyCaps.iButtons - 1

273

274 [f Not js.Buttons(i} = 0 Then

275 button.Caption =i

276 Ifi=7 Then

277 MSComml.Qutput = Chr(&H31) 'Lights
278 End If

279

280 If i = 0 Then ' Walkie Talkie ON
281 walkicon.Enabled = False

282 walkieoff. Enabled = True

283 MSCommt.Output = Chr(&H32)
284 End If

285

286 Ifi =1 Then ' Walkie Talkie OFF
287 walkieoff Enabled = False

288 walkicon, Enabled = True

289 MSComm].Qutput = Chr{&H33)
290 End If

291

292 Ifi=2 Then ' Sensor OFF
293 sensoroff. Enabled = False

204 sensoron.Enabled = True

205 MSComm1.Output = Chr{&H37)
296 End If

297

298 Ifi=3 Then ' Sensor ON
299 sensoron.Enabled = False

300 sensoroff.Enabled = True

301 MSComm1.Qutput = Chr(&H36}
302 End If

303
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304 Ifi= 1[0 Then 'R for Reset Camera
305 MSComm1.Qutput = Che{&H52)

306 End If

307

308 If i =5 Then ‘R for Reset Camera
309 MSComm1.Output = Che(&H52)

310 End If

31

312

3t3 End If

314

315 Next

316

317 If js.y = S000 Then

318 Ifjs.x =0 Then

319 joylmain.Picture = joy4. Picture

320 MSComml Qutput = Chr(&H41) ' Car Steer Left
321 Elself js.x = 5000 Then

322 joylmain.Picture = joy5.Picture

323 MSCommt.Output = Chr{&H53) ' Car Stop
324 Sleep 100

325 Elself js.x = 1000¢ Then

326 joyimain.Picture = joy6 Picture

327 MSComml.Cutput = Chr{&H44) ' Car Steer Right
328 End If

329

330 Elself js.y =0 Then

331 Ifjsx =0 Then

332 Jjoylmain. Picture = joy7 Picture

333 MSComm!.Output = Chr{(&HS51) ' Car Forward Left
334 Elself js.x = 5000 Then

335 joyImain Picture = joy8,Picture

336 MSComm].Qutput = Chr(&H57) ' Car Forward
337 Elself js.x = 10000 Then

338 joyImain.Picture = joy9.Picture

339 MSComm]1,Qutput = Chr{&H45) ' Car Forward Right
340 End If

341

342 Elself js.y = 10000 Then

343 If js.x =0 Then

344 joylmain.Picture = joyl.Picture

345 MSComml.Output = Chr(&H5A) ' Car Backward Left
346 Elself js.x = 5000 Then

347 joylmain.Picture = joy2.Picture

348 MSComm!.Qutput = Chr(&H58) ' Car Backward
349 Elself js.x = 10000 Then

350 joymain.Picture = joy3 Picture

351 MSComm1.Output = Chr(&H43) ' Car Backward Right
352 End If

353 End If

354

355

356 1 ' js.z Right Joystick Y-axis

357 | ' js.arz Right Joystick X-axis

358

359 If js.z >= 4900 And js.z <= 5100 Then

360 If js.rz >= 0 And js.rz <= 1000 Then

361 Jjoy2main.Picture = joy4.Picture

362 MSComml.Qutput = Chr{&H47)

363 Elself js.rz >= 4900 And js.rz <= 5100 Then

364 joy2main.Picture = joy3.Picture

3635 MSComm1.Output = Chz(&H48)

366 Elself js.rz >= 9000 And js.rz <= 10000 Then

367 joy2main.Picture = joy6 Picture

368 MSComm1.Qutput = Chr(&H4A)

369 End If

370

371 Elself js.z >=0 And js.z <= [G0 Then

372 If js.rz »= 4900 And js.rz <= 5100 Then

373 joy2main.Picture = joy8.Picture

374 Sleep 106

375 MSComm1.Qutput = Chr(&H59)

376 End If

377

378 Elself js.z >=9900 And js.z <= 10000 Then

379 Ifjs.rz >= 4900 And js.rz <= 5100 Then

380 joy2main. Picture = joy2.Picture

381 MSComm].Qutput = Chr(&H4E)
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382 End If

383 End If

384

385 If js.z >= 5101 And js.z <= 5300 Then

386 If js.rz >= 5101 And js.rz <= 5300 Then

387 joy2main,Picture = imgempty.Picture

388 End If

389 End If

390

391 ' status using Gamepad/Joystick

392

393 Dim comminput As Integer

394 Select Case MSComm1 Input

395 Case "Q"

3%6 carstatus.Caption = "FORWARD LEFT"

397 carstatus.ForeColor = &HFF0000  'change font color to BLUE
398 carstatus.FontBold = False

399 Case "W"

400 carstatus.Caption = "FORWARD"

401 carstatus. ForeColor = &HFF0000 ‘change font cotor to BLUE
402 carstatus.FontBold = False

403 Case "E"

404 carstatus.Caption = "FORWARD RIGHT"

405 carstatus.ForeColor = &HFFO000  'change font color to BLUE
406 carstatus. FontBold = False

407 Case "A"

408 carstatus.Caption = "STEER LEFT"

409 carstatus.ForeColor = &HFF0000  'change font color to BLUE
410 carstatus. FontBotd = False

411 Case "S"

412 carstatus.Caption = "STOP"

413 carstatus. ForeColor = &HFF& 'change font color to RED

414 carstatus. FontBold = True

415 Case "D"

416 carstatus.Caption = "STEER RIGHT"

417 carstatus. ForeColor = &HFF0000  'change font color to BLUE
418 carstatus.FontBold = False

419 Case "2"

420 carstatus.Caption = "BACKWARD LEFT"

421 carstatus.ForeColor = & HFFO000  ‘change font color to BLUE
422 carstatus.FontBold = False

423 Case "X"

424 carstatus.Caption = "BACKWARD"

425 carstatus.ForeColor = &HFF0000 'change font color to BLUE
426 carstatus.FontBold = False

427 Case "C"

428 carstatus.Caption = "BACKWARD RIGHT"

429 carstatus.ForeCotor = &HFF0000  'change font coor to BLUE
430 carstatus.FontBold = False

431

432 Case "P"

433 i=i+1

434 carstatus.Caption =1

435 carstatus.ForeColor = &HFF0000 'change font color to BLUE
436 carstatus. FontBold = False

437

438

439 End Select

440

441 DoEvents

442

443 | Wend

444

445 | End Sub

445

447

448 | Private Sub sensoroff_Click()

449 | sensoron.Enabled = True

450 | MSComm].Output = Chr{&H37)

451

452 | End Sub

453

454 | Private Sub sensoron_Click(}

455 | sensoroff Enabled = True

456 | MSComm].Output = Chr{(&H36)

457

458 | End Sub

459
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461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505

Private Sub tick_Timer(}
If js.y = 5000 Then
1f js.x = 5000 Then
joylmain.Picture = joy5.Picture
MSCommli.Qutput = Che(&H53) ' Car Stop
End If
End If

End Sub

Private Sub tmrKey_Timer(}
diDEV.GetDeviceStateKeyboard diState  ‘get alt the key states.
For iKeyCounter = 0 To 255 ' goes through all the 255 differnet keys.
If diState. Key(iKeyCounter) <> 0 Then 'if it =0 then it's not pressed. Anything else means it is pressed
IstKeys.Clear
IstKeys. Addltem KeyNames(iKeyCounter), 0 ‘add an item to the top of the list
End If
Next
DoEvents 'doevents, Lets windows do anything it needs to do. Required
‘otherwise you can get it doing more things than it's capable of.
'This stuff is for the little game window:
200=up
'203=left
'205=right
'208=down

End Sub

Private Sub lighti_Click(}
MSCommi Qutput = Chr(&H31)
End Sub

Private Sub walkieoff_Click()

" walkicoff. Enabled = False
walkicon.Enabled = True
MSComm]1.Qutput = Chr{&H33)

End Sub

Private Sub walkiean_Click(}

' walkicon Enabled = False
walkieoff Enabled = True
MSComm].Qutput = Chr{&H32)

Enrd Sub
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APPENDIX G
PIC16F8X Datasheet

MICROCHIP PIC1 GFBX

18-pin Flash/EEPROM 8-Bit Microcontrollers

L M

Devices Included In this Data Sheet: PIn Dlagrams

+ PIC16F83 PDIP, SOIC

+ PIC1GFB4 -

« PIC16CRB3 AAZ < []w 16[] ==+ RA1

« PIC16CRS84 RA3 =[] 2 17[]-+—= RAD

+ Extanded voltage range devices available RAATOCKI »—=[13 © D 18]~ OSCICLKIN
{PIC16LF8X, PICIELCREX) WCTR—[ 4 § & 15[]—+ OSCHCLKOUT

vee—=[] 5 o 14[]e—veo

High Performance RISC GPU Features: o oo 8 2 Jhe e

+ Only 35 single word Instructions to learn et e[ 7 %7 12[Je=ABS

+ Al Instructlons single cycle except for program ABz =[] 8 N~ ABS
branches which are two-cycle Aeg «—[1 9 10[J+—= AB4

+ QOperating spaed: DC - 10 MHZ clock input

DC - 400 ns instruction cycle

Special Microcontroller Features:

Program Data  {Data Max.
Dovice  |Momory RAM |EEPROM |Frag + In-Circult Serial Programming {ICSP™) - via two
{words) (bytes) | (bytes) | (MHz) pins (ROM davices support only Data EEPROM
PICI6Fa3 512 Flash % 54 10 programiming)
PIC16F34 _ [1K Flagh 68 64 10 + Power-on Reset (POR)}
PIC16CRE3 [512 ROM a6 B4 10 + Power-up Timer (PWRT)
PIC18CRE4 {1 K ROM 68 64 10 + Oscillator Start-up Timer (OST)
« 14-bit widle Instructions + Watchdog Timer (WDT) with its own on-chip RC
+ 8-bit wide data path oscillator for reliable operation
+ 15 spaecial function harcware reglsters + Code-pretaction
« Elght-teval cleep hardware stack + Power saving SLEEF mode
« Direct, indirect and relative addrassing mades + Selectable osoilator options
« Four Interrupt sourcas: CMOS Flash/EEPROM Technology:
- External RBUY/INT pin + Low-power, high-spesd lechnology
- TMRO timer overflow « Fully statlc design

- PORTB<7:4x> interrupt on changs
- Data EEPROM write complete

1000 eraseswrite cycles Flash program memory
10,000,000 erase/write cycies EEPROM data mem-

+ Wide oparating voltage range:
- Commerclak 2.0V 10 6.0V
- Industrial: 2.0V to 6.0V
+ Low power consumption:

ory
sontion » - <2 mA typical @ 5V, 4 MHz

+ EEPRCOM Data Retention » 40 years . 15 uAtyploal @ 2v, 32 kHz

Peripheral Features: - <1 uA typleal standby current @ 2V

» 13 1/0 pins with Indiviual direction contral

+ High eurrent sink/source for direct LED drive
- 25 mA sink max. per pin
- 20 mA source max. per pin

+ THRO: 8-bit timet/counter with B-bit
programmable prescaler
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PIC16F8X

1.0 GENERAL DESCRIPTION

The PIC16F8X is a group in the PIC16CXX family of
low-cost, high-performance, CMOS, fully-static, 8-bit
microconircllars. This grolp contalns the following
devices:

s PIC16F83
+ PiC16F84

+ PIC16CRBI
« PIC16CRS4

All PICmicro™ microcontrollars employ an advanced
RISC architacture. PIC1BFBX devices have enhanced
core faatures, sight-level deep stack, and multiple
Intetnal and external interrupt sources. The separate
instruction and data buses of the Harvard architecture
allow a t4-blf wide Instruction word with a separale
8-bit wide data bus. The two stage instruction pipslina
aflows all instructions to executs Ih a single cycls,
except for program branches (which require two
cycles). A total of 35 instructions {reduced Instruction
set) are avallabla. Addittonally, a large register sel is
used ta achisve a very high performance level.

PIC16F8X microcontrollets typically achieve a 2.1 code
compression and up ta a 4.1 speed Improvement jat 20
MHz) over other 8-bit micrecentrollers in their class.

The PIC16F8X has up 1o 68 bytes of RAM, 64 bytes of
Data EEPROM memory, and 13 YO pins. A timer/
counter Is also avallable.

The PIC18CX X family has speclal features to reduce
external components, thus reducing cost, anhancing
system rellability and reducing power consumption.
There are four oscillator options, of which the single pin
RAC oscliator provides a fow-cost solutlon, the LP
oscillator minimizes powetr consumption, XT Is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers power saving.
The user can wake the chip from slesp through several
external and internal Interrupts and resets.,

A highly reliable Watchdog Timer with its own on-Chip
RC ascillator provides protection agalnst software fock-
up.

The devices with Flash program memory allow the
same device packags to be used for prototyping and
production, 1n-circud raprogrammabiity allows the
code to be updated without the device belng removed
from the end application. This s useful in the
development of many applications where the device
may not be easily accessible, but the prototypes may
require cods updates. This is also ussful for remote
applications where the code may need 1o be updated
(stch as rate information.

XIX

Table 1-1 lists the teatures of the PICIBF8X. A simpll-
fied block dlagram of the PIC16F8X is shown In
Figure 3-1.

The PIC16F8X fits perfectly In applications ranging
from high speed automotlve and gppliance mator
control to low-power remots sensors, electronic locks,
security devices and smart cards. The Flash/EEPROM
technology makes cuslomlzation of application
programs (transmitter codes, motor speeds, recelver
frequencias, security codes, etc.) extremely fast and
convenient. The small footprint packages make this
microcontroller sarles perfect for all applications with
space [imitations, Low-cost, low-power, high
parformance, ease-of-use and I/Q flexibility make the
PIC16F8X very versatile even in areas where no
microcontroller use has besn considered before
(e.g., timer funclions; serial communication; capture,
compare and PWM functions; and co-processor
applications).

The serlal in-system programming fature (via two
ping) offers flexibllity of customizing the product after
complete assembly and testing. This feature can be
used to serlalfize a product, store calibration data, or
program the device with the current firmware before

shipping.
1.1 Famlly and Upward Compatibllity

Those users famiiar with the PIC16CEX family of
microcontrollers will realize that this Is an enhanced
version of the PIC18C5X architecture. Please refsr to
Appendix A for a detalled l1st of enhancements. Code
written for PIC16C5X devices can be sasily parted to
PIC16F8X devices {Appendix B).

1.2 Development Su

The PICI6CXX famlly Is suppeorted by a full-featured
macro assambler, a software simulator, an In-circuit
emulator, & low-cost development programmer and a
full-featured programmer. A “C* compiler and fuzzy
loglic support tools are also avallable,



PIC16F8X

3.0 ARCHITECTURAL OVERVIEW

The high performanca of the PIC16CXX family can be
attributed 1o a number of architectural features
commonty found in RISC microprocessors. To begin
with, the PIC16CXX uses a Harvard architecture. This
architecture has the program and data accessed from
separate memorles. S0 the device has a program
memory bus and a dala memory bus. This Improves
bandwidth ovar Iraditional von Neumann architecture
where program and data are fetched from the sams
memary (accesses ovar the same bus). Separating
program and data memory further allows instructions
to be sized differently than the 8-bit wide data word.
PIC16CXX opcodes are 14-bits wide, enabling single
word Instructions. The fuf 14-blt wide program memory
bus fetches a 14-bit instruction in a single cycle. A two-
stage pipaline overlaps fetch and sxecution of Instruc-
tions (Example 3-1). Consequently, all instructions exe-
cute in a single cycle excapt for program branches.

The PIC16F83 and PIC16CRS3 address 512 X 14 of
program memory, and the PIG16F84 and PIC16CRa4
address 1K x 14 program memory. All program mem-
ory is internal.

Tha PIC16CXX can directly or indirectly address its
register fles or data memory. All spacial function
registers including the program counter are mapped in
the data memory. An orthogonal (symmetrical)
instruction st makes it possible to carry out any opar-
atlon on any registar using any addressing mode, This
symmefrical nature and lack of ‘special optimal
situations’ make programming with the PIC1GCXX
simple yet efficiont. In addition, the learning curve Is
reduced significanthy.

XX

PIC1GCXX devices contain an 8-bit ALU and working
register. The ALU Is a general purpose arithmetic unit.
It performs arithnetic and Boalean functions between
data in the working register and any ragister fiie.

The ALY is &bits wide and capable of addition,
subtraction, shift and loglcal operations. Unless
otherwise mentioned, arithmetic operalions are two's
complement In nature, In two-operand instructions,
typlcally one operand Is the working register
(W raglster), and tha other aperand is a file register or
an immadiate constant, In single operand instructions,
the operand is elthar the W register or a fite register.

The W register ts an 8-blit working reqister used for ALU
operations. Itis not an addressable register.

Depending on the instruction executed, the ALY may
affect the values of the Carry (C), Digh Carry (DC), and
Zero {Z) hits In the STATUS register. The C and DG bits
operate as a Dofrow and digif borrow out bit,
raspoctively, in subtraction. See the sUBLW and sUEWF
instructlons for examples.

A simplified block diagram for the PIC16F8X is shown
in Figure 3-1, its corresponding pin description is
shown In Table 3-1.
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FIGURE 3-1: PIC16F8X BLOCK DIAGRAM
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TABLE 2-1 PICI16F8X PINOUT DESCRIPTION
Pin Name gl‘f Sr?;? !g?pﬂ: E.’rb";:r Dascription

QSCH/CLKIN 16 16 I [sTicmos ®oscilator erystal inputextemal clock source Input.

QOSCCLIOUT 16 15 Q - Osclllator crystal output. Connects 1o erystal or resonator In crystal
oscillator mode. In AC mode, OSC2 pin outputs CLKOUT which
has 1/4 ihe fraquency of OSC1, and denates the instiuction cycle
rata.

MELR 4 4 [l 8T Master cloar {resot) inputiprogramming voltage input. This pin is an
active low resst 1o the device.
PORTA Is a bi-directional O port.

RAO 17 17 [Fle] TTL

RA1 18 18 10 T

RAZ 1 1 110 TTL

RAZ 2 2 10 TTL

RAATOCK] 3 3 10 8T Can also be selected to be the cock Input to the TMRO

tmercounter. Cuiput is open drain type.

PQRTB I a bi-diractional 110 port. PORTB can be software pro-
grammed for internal weak pull-up on all Inputs.

RBWINT G 6 o | TTsTd RBO/NT can also be sslected as an extarnal imteirupt pin.

RB1 7 7 (e} TTL

AB2 B 8 11 TTL

jal=5) 9 9 10 TTL

RB4 10 10 10 1L Intarupt on ehange pin.

RABS 1 11 180 TTL Inte rupt on change pin,

AB& 12 12 | TTusT® intarrupt on change pin. Serial programming cleck.

REe7 19 13 K| TrusT® Intarrupt on change pin. Serial programming data.

Ves g 5 P e Ground reference for logic and VO pins.

VoD 14 14 P — Positive supply fot logle and 11O pins,

Legend: |=input O = output WO = [nput/Chutput P = power

—= Not usad TTL=TTL input ST = Schmitt Trigger input

Nots 1: This buffer is a Schmitt Trigger input wheh cenfigured as the external interiupt.

2

This buffer is a Schmitt Trigger input when used in sertal programming mode,

3 This buffer is a Schmitt Trigger input when configured in RC osalilator mode and a CMOS input othetwise.
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APPENDIX H
MAX232 Datasheet

{4323 Rew Th 11497

M AXIW

+5V-Powered, Muitichannel RS-232

General Description

The MAX220-14AX249 family of line drivers/recelvers is
Irtendad for all EMTIA-232E and V.28/V.24 communica-
tions inerfaces, particularly applications where +12V is
not avalabie.

These parts are espacially useful in battery-powerad sys-
tems, since thair low-power shutdown mode reduces
power dissipation 1o less than SUW. The MAX225,
MAX233, MAX235, and MAX245/MAXZAB/MAXZAT use
no external components anc! are recommeanded for appli-
cations where printad circult board space |s Critical.

Applications

Portable Computers

Low-Fowver Modems

Interface Translation
Battery-Powered R3-232 Systems
Mult-Drop RS-232 Networks

Drivers/Receivers

Features

Supetior to Bipolar

+ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

+ Low-Power Receive Mode in Shutdown
(MAX223MIAX 242)

+ Meet All EIA/TIA-232E and V.28 Specifications

+ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Jutputs

+ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIF
MAXZ2DCSE 0°C o +70°C 16 Namow 50
BAXZ20CWE 0°C to + 70 C 16 Wide 50
MAXZ220CID 0°C o+ 70°C Dice”
MAXZZ0EPE -40°C to +85°C 1€ Plastic CIP
MAX220ESE -40°C to +B5°C 18 Narrow 30
MAXZ20EWE -40°C to + 8570 16 Wida 50
MAX2Z0DEJE -A0°C to 4+ 85°C 16 CERDIP
MAXZ20NUE B5°C 10 +125°0 16 CERDIP

Ordering information continued at ¢nd of data sheet.
*Contact factory for dice spacifications.

Selection Table

Power Ne. of Nominal SHDN  Ax

Part Supply RS-232 MNe. of Cap. Valug & Three- Activein Dain Rate

Number i) DriversRx_Exi. Gaps {uF) State  SHON _ (kbps)  Femtures

WAXZ2D +5 2 ¢ 4.77110 Ho — 120 Ulira-low- povier, industry-standard pinout

MAX222 +5 22 [3 0.1 Yes e 200 Lowv- porer shutderen

MAX223 (MAX21Y +5 415 4 1.000M Yes v 1ea MAX241 ard receivers active in shutdown

MMAX2ZE +5 /5 a — Yos v 120 Avallable in 30

WAX230 (MAXZ00) +5 a0 4 1.0 Yoy — 120 5 drivers with shutdeen

TAAX23T (MAX2GT) 3 ard 2 2 1.000.0 No — T2 Standard +3/+12¥ or batlery supplies;
+T5+13.2 same kincions as MAX212

WAXZIE (MANZCZ) +5 iz H 1000} No — 120 (8d)  Industry standard

MAX2324 +5 a2 4 a3 No — 0% Higher slew rate, small caps

MAX233 (MAX203) +5 A2 0 - No - 120 Noextermal cafs

[AX2334 +3 212 a — Ko — 200 No extemial caps. high stew ratz

MAXZ3d (MAR204) +5 40 q 1.008.1) N — 120 Regaces 1488

BAAX225 (MAR205] +5 A5 O — Yes —_ 120 Noeutemal caps

MAXZIE (MAS208) «5 42 q 10001} Yes o 20 Shutdensn, thres state

MAX23T (MAX207) +5 53 4 1.0{0.0) No - 120 Complements |BM PC serial part

MAN233 (MAX2E; +5 W4 4 1,000 Mo e 129 Raplaces 1488 and 1489

FAX229 (MAK20S +5and 35 2 1.0{0.4) Mo - 120 Standard +3/4 12 ar batlery suppliss:
+7.5w+132 singie-package scution for IBMPC sarial port

WAK240 +5 55 4 10 Yes — 120 DIP or fetpack pazkags

MAXZA] (MAX211) +5 [ 4 1.0{0.1 Yes = 120 Complete |BM PC seriat port

MAX242 +5 272 4 [)] es v 200 Separate shutdown ans enable

MAK243 +& 22 4 al Mo — 200 Open-ing detection simplifies cabling

MWAX244 +5 210 4 10 Her — 120 High slewrate

MAX245 +5 an0 Q e Yes v 120 High slawrals, int. caps, two shutdowmn modes

MAXZ M6 +5 o [u] — Yes v 120 High slew rate, int, caps. thee shutdown modss

WAX2AT +5 29 a —— Yes v 120 High slewrate, inl. caps, nine cperating modes

MAX 48 +5 2] 4 10 Yes v 120 High slewraia, selective halfchip enables

IAX248 +5 &10 i 10 Yes v 120 Avsilatie in quad flatpack packaye
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A1242/243

Supply Voage (VO .o

Input Yoltages

0.3 0 +BY 16-Fin Narrow SO {derate 8.70mwW/*C abava + 70°C) ..596mW
16-Pin Wida SO (derate 9.52mW°¢ above +70°C).

162rmW

............................................... -0.3Y to (Voo - 0.3V) 18-Pin Wide SO (darate 3.52mW/°C above +70°C)......762mW
RIN -er . L3OV 20-Pin Wide 50 (derate 10.00mW/C abova +70°C]... BOOMW
TEUT NG Tt s s 159 20.Fin SSOP (deratae 8.00mAC above +70°C) .........S40mW
Cutput \!olt.agf-ls 16-Fin CERDIF (derate 10.00mW*C above +T0’C) BOGrWY
Tout.... L1V 18-Fin CERDIP (derata 10.53mWFC above +70°C)....B42m¥
Rout o D3V 10 Wt:c + 0.3V Cparating Tamparatura Ranges '
Drwarlecelver (.Jutput Qhort C\rcuned tu GN [ Continuaus MAXZ AT MAXZ. G 0°C o +70°C
Continuos Powar Dissipation (Ta = +70°C) MAX2 AE__ MAXZ__E_ 400G 1o +85°0
18-Pin Plastic DIP {derate 16.53mK/°C above + 70°C)... 842 MAXZ AM._ MAXZ. M__ 5E°C 16 +125°C
18-Pin Plastic DIP {derate 11. 11mW/*C abova +70°C)....B85mW Storage Temparature RaNga ... .. G8'Cro +180°C
20-Pin Plastic. DIP (derate 8.00mWI°C above +70°C) ... 440mW¥ Laad Temperatura (soldering, 1056C1 oo # 300°C

Note 12 Input vokags measursd witlh Tayr In high-impadance state, SHON or Vee - OV,

Stregses bayend those isied unger "Abseiute Maximum Ratngs” may cause permanent damaga o the device. These are sress ratmgs anly, and funcona?
operarion of the device af these or any other confions beyond these indicated it e operational sections of the peciicatens is not impiisd. Exposure fo
absolute maximum rating conditions frextended periods may affect device refabifity.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

Voo = +5V 210%, T1-04 = O.1pF, Ta = Thar 1o Thay, Unless otherwise notad)

vz VouTEveo

PARAMETER [ CONDITIONS MIN - TYP UNITS
R§-232 TRANSMITTERS
Output Veltage Swing Ali transmitter oLtputs loaded with 3k to GND +5 +8 v
input Logic Threshald Low 14 0.8 v
Input Logic Thrashold High 2 1.4 V
) Narmal operation 5 40
Legic Pull-Updnput Currart — pA
SHDN - OV, MAX222/242, shutcdown +0.01 1
Ve = 5.5V, SHDN - OV, Vour « 15V, MAXZ22/242 001 10
Qutput Leakage Currant — - HA
Vi = SHDN = OV, Vout « 215V +0.01 10
Ali except MAX220, normal opsration 200 TB | kbitef
Lt Rate MAX220 22 20 | o
Transmitter Output Resistance VL = Y o V- = OV, VouT = 22V 300 10M Q
Outpus Short-Circuit Cumrant Vour = OV 7 - 422 ma
R5-232 RECEIVERS
R3-232 Input Voltage Opsrating Fangs +30
o . All except MAXZ243 R2N 08 1.3
RS-232 Input Trireshole Low Vi = 5V B ReN ol ) 3 Y
RS-232 Input Thraehold High voe - 5 Al excopt MAX24S R2n LA (Y
MAX243 R2y (Nota 2) .5 41
F5-232 Input Hysterssi Al except MAX243, Voo = V. no hystresds in shan, 0.2 0% 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 k2
TTLICMOS Cutput Valtage Low louT = 3.2mé 0z 4 v
TTLICMOS Dutput Voltage High IouT ~ -L0mA 35 Voo-02 ¥
TTUCKMOS Tt put Shor-Clroult Cument Sourcing Vour - SND 2 10 s
Shrinking Vour = Ve 10 30
TILKMOS Gutpit Leakage Cument | D101 = Vice of BN = Ve (SHDN = OV for MAXZ22), 1005 #10 | pA
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+5V.Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Vo = +5V £10%. C1-C4 = O1)F, Ta = Thin to Thax, untess othensise notad.)

PARAMEYER GONDITIONS NN TYP MAX | UNITS
EN [nput Thrashold Low MAx 242 [ 08 v
EN tnput Threshold High MAX 242 24 14 W
Operating Supgly Voliage 45 55 v
MAX220 05 2
Mo load
Voo Supply Current SHDN = Vioc). MAX222/23247200A242/243 4 10 A
Figures 5 &. 11, 19 3K load MAX220 12
both inputs MAX222{2328/233A/242/243 15
Ta = +25°C 0.1 0
Ta=0Ctlo +70°C 2 50
Shutdowen Supply Gurrent MAX222{242 A
i Th= A0°Clo 85 5 s | "
Ty = -55°Cto +125°C 35 106
SHON Inpan t.eskage Cumsnt AN 2221242 £ pA
SHDN Threshold Low MAKX222i242 14 0.8 v
SHDN Threshold High MAX222/242 20 14 v
CL = S0pF to 2500pF.
Moo Tkny | |MAXZZZZIZARSIAZAS | & 12 %0
Transition Slew Rate YOG = Y T = +25°C, Vips
meastired from +3Y | paaxson 15 3 30
b -3 or -3V e +3V
MAX222/232AI233A/242/243 13 35
Tranamitisr Propagation Dalay PHLT AN 7 0
TLL to RS-232 (normat operation], 5
Figuirs 7 P J N MAXZZ2I232A203A/2421243 75 35| "
tHT MAXZZA 3 0
MAX222/232A12330/242/243 05 1
Receiver Propagation Delay PHLR AR Z20 06 3
Ei;frizzw TLL (normal opsration). MARZ221232AT2 SIAEA 224 ne 1 Hs
tPLHR MAXZZ0 08 3
Recsiver Propagation Delay PHLS MAXZ4Z 0.5 10 _
£5.232 o TLL (shutdownl, Figure 2 [t MAX 242 25 10 K
Recobwer-Cutput Enable Time. Figure 3 [ g MAX242 125 500 ne
Risceiar-Output Disable Time, Figure 2 | thp MAXZ42 180 500 ns
Transmitter-Output Enable Time ¢ MAX222/242, 0.1pF caps 250 .
(SHDN g highi, Figure 4 ET {includes charge-pump start-up) - ¢
Transmittar-Cutput Disable Time N )
(GO goss lov). Figars & tpT MaX222/242, 0.1pF caps EOQ ns
Transmitter + Lo - Prapagation ; MAXZ22/232A/2330/242/243 00 ne
Deslay Difference (nomal aperation) PHLT - (PLHT MAX220 2000 j
i . 3 MAX222/212A72 138/242/243 00
Recaier + o F‘ropagjllon ) IPHLR - tPLHR : s
Oslay Differance (nomal operation) i MAXZZD 225

Note 2: MAX242 RZouT Is guarantesd ta ba v when RN is 2 0V or is floating.
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Drivers/Receivers
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APPENDIX 1

Ultrasonic Sonar Detectors

Data Pack £

Issued March 1997 232-2267

RS

Data Sheet

Ultrasonic transducers

A range of two transducers operating al 40kHz
approximately and designed for ullragonic
transmissicn and reception. The ultrascnic transmitter,
307-35] is capable of emitting 106dB (0dB = 2 X
10 pbar) and the receiver 307-367 has a sensitivity of
~G5dB (0dB = l/ubar/Vimere).

RS stock numbers 307-351, 307-367

These units ¢an be used for the transmission of
continuous wave ultrasonic sound or for pulsed sound
applications

Characteristics Applications
Burglar alarm systems
Ttem Unit | 307-351 | 307-36T Proxiniity switches
’I‘(ansm]ttlng Sy dB*1 106 _ Li@ﬂd level meters
fepamry, Anti-collision devices
Recelving Vv . Counters for moving ckjects
sensihaty &z - 5 TV remote control aystems.
Rescnant frequency
ranamizing) Py | koG |08l |-
Feequency response (teansmitting)
Rescnant frequency
(zeceiving) Frmv | kHz*4 40%]
Tirectional angle o' ° 20 " | /‘.‘\
Maximum input vollage Vims | 20 - % e ‘ \
Approx.| Approx. 3
mpedance Q 500 30k 5 hof Sl el \\
Capacitance pF 1100+204 § =
Pulse rise time msez. | 20 0§ s //
Meapdmum input vokage
for pulse cperation Vpp |60 - {
n el L)
Temperarure range °C -20to +60 F—
Transmitting Qsv Apprax. Frequency response (receiving)
selectivity 10 - " .
Receiving Approx. -
sclectivity my 80 Qv A i Pad
*] 0dB= 2 10 ibar H / !
*20dB= |Vubar, 4 /
*3 Frequency where transmitting sexmiti vity i# raaxinnm i
*4 Frequency where receiving sengitivity is masimurm H @ ’/
Shape and dimensions :wr ] [
Unit mm
A cark Crmgupey iTHa!
Braimlasg e M i.—- 16 --1

T

12

i
i

.17
f-10 -+
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Effect of parallel capacitance

[

Pulse response (transmitting)

Pulse response (rcceiving}

2

E

1
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ajan]
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Face ving sensili o U84
P,

Pt

Anvela i doprang

Temperature characteristics
TRANSMITTER & RECEIVER
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—

Ghanoe n Changein
L H R T e

-0 X a

50 4D KD WD
Terpemtis (50

The following circuits show how the ransducers may
be used in remote control applications. Either of the
fransmitter circuits may be used with the receiver. The
frequency of oscillation is adjusted by means of VRI
for maximum sensitivity. The CMOS circuit
allows direct interfacing with logic circuitry. In the
receiver VR2 is adjusted for maximum sensitivity.

from the ransmitter.

Notc; Therelay energises when a signal is received

Transmitter using 555 timer i.¢.

- +HV tn
J_ - +avde
10U0pk
3
K
555 J 1k
S TIMER 7 VAL
Ik
;A

ALk Trrgdueur
anr-3s

TO oLl

Transmitter using CMOS gate i.c. 400 1B

18y 10

»17%dn

1}

———C
T

Reeeiver

i

F

TN AR

[T

ajuliz
transcuce
G787

BFv50

—
+i2vac
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