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- Abstract (English)

_Portable Security System Using Communication Cards

BY
Marwa Salaimeh Maysam Albaba

Our project is based on wireless communication between two plastic cards; each card has
been adjusted to be sensitive in receiving and sending signals from the other card. This idea is
based on PIC 18F4520 microcontroller which is the main part in our project. PIC 18F4520

microcontroller controls and performs the main activities in this project.

Each communicating signal between the two cards holds identifying code known to the
other card. Receiving or sending signals between the two cards will compare the held code
according to the code stored in the microcontroller memory. If this comparison process is
correct, every thing goes well and the alarm system will not activated, but in case of error the

alarm system will be activated by the microcontroller.

This microcontroller is having very sensitive specifications through its influence on

activating the alamm system to give sounds on both sides in case of danger.

Our aim is implementing this idea for saving valuable things from being taken by thieves and

also protecting children from kidnapping or abduction.
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Chapter One

Introduction

1.1 Preface:

This project is about a portable security system that based on maintaining a wireless
communication between two or more cards within a defined distance. In the simplest form, card
no.l intermittently transmits specific signal to card no.2. Card no.2 will be receiving the
incoming signal from card no.l and after receiving that signal it must respond by sending a
specific signal to card no.1. If card no.1 successfully receives signal from card no.2, this means
that card no.2 is in the safe domain. For any reason if the communication between two cards

failed and there is a loss in communicationbetween the two cards, the alarm should be activated

The project is based on using these two cards between separate human bodies that is
between the mother and her child. So this project relates to a system and method for monitoring
the departure of a child from a retail store or other area. Another important feature about this
project is that the system can be used to protect personal valuable objects like wallets. In this
case the first card will be placed on the person shirt pocket and the other card will be placed on

the valuable object. Therefore this project can easily be upgraded in the future to make it more

robust and practical.




1.2 Project Importance: :

Every body wants to keep his valuable objects safe. Losing or kidnapping a child is the
parent's greatest fear.. While shopping with a small child, parents will be constantly watching to
make sure that the child does not go out from the storé's door. This constant concem is the
present's major distraction, and is le.ading to Toss of sales. Many retail stores have installed a
children's play area to minimize the shopping parent's distraction. These play areas do not
effectively prevent a child from wandering unless the play area is supervised. So we need a
project that has an advantage of portability with no tether or other device of physical connection
was required between parent’s child, valuable object and the alarm. The system should be small
enough in size to be virtually invisible to the person using it. It would not be only desirable to
have an alarm that sounds when a valuable object such as a wallet was taken from the owner, but

also sounds when such object has been inadvertently left behind the owner.

One intended use of this project is the protection of children from being lost. One pair of
the cards is placed for instance in the child’s shirt pocket, and the other card is also placed in the
parent’s shirt pocket. The two alarms on both cards are activated when the child is far away or

being lost from his/her parent. So, parents will be able to point and locate where their child is.

W




1.3 Project objectives:

= Protection of children or any valuable objects from being lost

. Developing a poﬂable segun’tj and protection system based on maintaining a wireless
communication between two or more cards withini a defined distance. -

= Developing a small system that can be invisible to the person using it and easy to cary.

= Developing a portable security system with alarm on both cards that sounds if the son is

far away or being lost from his mother

1.4 Literature Review:

»  ‘Anti- Pickpocket Alarm’, granted on March.13, 1990, to Julian j. Yanotti and Tomas
Johnson. This device involves the attachment of a tether to both a wallet and other
valuable objects and to an alarm on the person carrying such that improper removal of
the object from the person actuates the alarm. The alarm system of that patent suffers

from disadvantages of awkwardness and the need to have a tether extending from the

valuable object.

= ‘Tracking Radio Frequency System’, issued on Nov. 27, 1990 to Maletta. This
tracking system uses radio frequency signals that is a bracelet secured to a convinced
felon, who communicates with a tracking device at a central location, such systems,

however differ from the subject invention in that the device at the central location is

relatively a large piece of equipment.




1.5Time Plan:

This section provides chart diagram that shows the stages of this project according to

time; which we will obtain our project associating the time spent doing each stage.

A
()
X
)
()
=
Documentation
i Testing & Conclusion
implementation

Software programming &
coding

Detailed design schematic

Holiday

Design and Analysis

Literature review &
related theory

Choosing project &

—

collecting information
4F g8 A0 2l % 2

2 4 6 8 0 12
FIRST SEMESTER Second SEMESTER

Figl.l Project time plan.

28 30 32 weeks




1.6 Estimateﬂ Cost:

The project needs both hardware equipments and software programs that run on the
computer, so we will purchase all the needed electronic components and software programs. So

this section shows the estimated hadware, software costs as a challeng of every activity we do.

= Hardware Components: there are many electrical Chips and equipments that have to be

provided as shown in table 1.1:-

Table 1.1 Estimated hadware costs

Component Name | Unit Price($) Quantity Total Price(35)
PIC 18F4520 18 2 36
RT4-433.92 22 2 44
RR3-433.92 22 2 44
HT-E 4 2 8
HT-D Z 2 8
2N2219 1.26 2 2.52
Buzzer 1.26 2 2.52
Toggle switch 1.26 2 2.52
Wrapping board 11 1 J1
Wires 0.36 50 (meter) 18
Resistors 0.025 20 0.5
Breadboards 8 6 48
Battery 7 4 24
Crystal oscillator 1.26 1 1.26

250.32




= Software such as:-’

1. Windows XP or more i;c costs (299%).

Microsoft Office (1455).

MPLAB.IDE program ('ﬁ'e‘e from intemet).

WinPic800 software programmer (free from the internet).

PIC18 Simulator IDE (free from the intemet).

iga B HL IS

= Human cost:

The project team consists of two students, work in 27 weeks, 4 hours a day with 12§ per

hour. So each student get 1296 $ (4x12x27) and the total human cost is 2592%

The total cost: - the total cost contains the hardware equipments, software programs and human

costs, the total cost reach about approximately (3286.32)

1.7 Project Risks:

The project may face some problems and risks that we have to declare in the early time of

the project designing and manipulation, and the project must avoid those problems to work in its

high efficiency, so when we find a risk we will try to solve it without effect on the total project

much as we can.

1. One of the group member died or is sick




2. Unavailability of'some project needed components under the pressure of political
environments .

3. Some of project parts do not work comectly; it will break the whole system, ex:
transmitter or receiver may not work properly :

4. Lack of experience in using lab. Instruments, ex: high and low voltage in using
power supply. . ;

5. The needed time for response is so long'-t.hat makes the use nervous.

6. The scheduling and dependency of the all system parts must be in the correct direction
and expectation, otherwise we will fail and late in producing the complete and integrated
program. Like the receiver circuit that depends on existing a compatible address
transmitter circuit, if there is no such compatible address, a problem occurs and it refers

to no executed system.

1.8 Road Map:

The project consists of six chapters, each chapter talks about a specific area of the

project.

Chapter One: “Introduction”, this chapter gives an introduction about the
system, its importance, other related systems, project time

plan and project cost.

Chapter Two: - «“Theoretical Background”, this chapter gives a clear picture

about the system theoretical background related to the main

concepts of wireless communication and system basic

components.




Chapter Three:

" Chapter Four:

Chapter Five:

Chapter Six:

Chapter Seven:

“Design Concepts”, this chapter shows what other options
could be chosen instead of those we used, project design block
diagram and how each unit interfaces with other units to

implement the aimed system.

“Hardware System Design", this chapter shows system design
and circuit schematics for each part of the project, brief

description of the work each schematic does.

“Software System Design ", this chapter describes the program
that operates the project, psudocode and algorithms that

describe project systems processes.

“System Implementation and Testing”, this chapter discusses

the actual project testing and implemertation in details.

“Conclusion and Future Work”, this chapter is simplifying the
conclusions and results achieved after implementing the entire

project and gives suggestions for the future system developing.




Chapter

?  THEORETICAL BACKGROUND

2.1 Preface.

2.2 Wireless Communicatién.
2.3 Hypothesis.

2.4 Project Integrity.

2.5 Project components.

e Microcontroller.
e Transmitter.
e Recelver.

e Alarm.
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Chapter Two

Theoretical Background

2.1 Preface

As mentioned previously this portable security system based on using two cards. Each
card contains a PIC microcontroller with its sub components such as memory, control unit and
comparator means. It also houses a transmitter with modulation means and a receiver with

demodulation means, an antenna as well as the alarm system.

This chapter provides an illustrative theoretical background for the project basic
components, and how each component communicates with other components at the same card

and between the two communicating cards as well.

2.2 Wireless Communication

This project will be fully constructed over a communication between two cards. In the
most fundamental sense, communication between two cards involves implicitly the transmission

of information that is the identification code between the two cards through a succession of

processes that involves the generation of the message containing identification code; this

11




message is encoded'in a form that i.s suitable for tran51nission over a wireless channels. As
reaching its destination, the encoded signal will be decoded in order to reproduce the original

message signal and hence the original identification code.

There are three basic elements to every communication system, namely, transmitter,
channel, and receiver. Each card has a transmitter that performs modulation process and a
receiver that performs demodulation as will be discussed in the following sections and the

project channel is based on a wireless communication with an RF signal. [1]

= Modulation Process

_ The purpose of this project is to deliver a signal containing one card identification code in
recognizable form to the other card. To do this, the transmitter modifies the message signal into a
form suitable for transmission over the wireless channel. This modification is achieved by means
of a process known as modulation, which involves varying some parameter of a carrier wave in
accordance with the message signal. The receiver re-creates the original message signal from a
degraded version of the transmitted signal after propagation through the channel. This re-creation
is accomplished by using a process known as demodulation, which is the reverse of the
modulation process used in the transmitter. However, owing to the unavoidable presence of noise
and distortion in the received signal, the receiver cannot re-create the original message signal
exactly. The resulting degradation in overall system performance is influenced by the type of

modulation scheme used. Specifically, we find that some modulation schemes are less sensitive

to the effects of noise and distoition than others.

12




Two forms of modulation are generally distinguished, although they have many
properties in common: If the modulating signal's amplitude varies continuously with time, it is
said to be an analog signal and the modulation is referred to as analog. In the case where the
modulating signal may vary its amplitude only between a finite number of values and the change
may oceur only at discrete moments in time, the modulating signal is said to be a digital signal

"and the modulation is referred to as digital.

If the modulating signal is digital, the modulation is termed amplitude-shift keying
(ASK), frequency-shift keying (FSK), or phase-shift keying (PSK), since in this case the discrete
amplitudes of the digital signal can be said to shift the parameter of the carrier signal between a
finite number of values. For a modulating signal with only two amplitudes, “binary” is

sometimes added before these terms. [2]

= Digital modulation:

The aim of digital modulation is to transfer a digital bit stream over an analog band pass
channel, for example over a limited radio frequency band. This can be described as a form of

digital-to-analog conversion. The changes in the carrier signal are chosen from a finite number of

altemative symbols (the modulation alphabet).
These are the most findamental digital modulation techniques:

« In the case of PSK, a finite number of phases are used.
« In the case of FSK, a finite number of frequencies are used.

« In the case of ASK, a finite number of amplitudes are used.

13




~ Each of these phases, frequencies or amplitudes are assigning a unique pattern of binary bits.
Usually, each phase, frequency or amplitude encodes an equal number of bits. This number of

bits compuises the symbol that is represented by the particular phase.

If the alphabet consists of M = 2" altemative symbols, each symbol represents a message
consisting of NV bits. If the symbol rate (the symbol rate is the bit rate divided by the number of

bits transmitted in each symbol, measured in symbols-per-second, (Hz))

For example, with an alphabet consisting of 16 altemative symbols, each symbol represents 4

bits.

Being common to all digital communication systems, the design of both the modulator and
demodulator must be done simultaneously. Digital modulation schemes are possible because the
transmitter-receiver pair have prior knowledge of how data is encoded and represented in the
communications system. In all digital communication systems, both the modulator at the

transmitter and the demodulator at the receiver are structured so that they perform inverse

operations. [3]

14



= Amplitude-shift keying (ASK):

Amplitude-shjﬁ keying (ASK) is a form of modulation which represents digital data as

variations in the amplitude ofa carrier wave.

The amplitude of an analog carrier signal varies in accordance with the bit stream
(modulating signal), keeping frequency and phase constant. The level of amplitude can be used
to represent binary logic Os and 1s. We can think of a carrier signal as an ON or OFF switch. In
the modulated signal, logic 0 is represented by the absence of a carrier, thus giving OFF/ON

keying operation and hence the name given.

Like AM, ASK is also linear and .sensitive to atmospheric noise, distortions, propagation
conditions on different routes in PSTN, etc. It requires excessive bandwidth and is therefore a
waste of power. Both ASK modulation and demodulation processes are relatively inexpensive.
The ASK technique is also commonly used to transmit digital data over optical fiber. For LED
transmitters, binary 1 is represented by a short pulse of light and binary 0 by the absence of light.

(3]

=  Demodulation process:

Detectors or demodulators extract information riding on a carrier that was encoded before
transmission and retums it to its original form. This process called demodulation. So,

demodulation is the act of removing the modulation from an analog signal.

15



There are several ways of demodulation depending on what parameters of the base-band

signal are transmitted in the carrier signal, such as alhplitude, frequency or phase.

However, the received signal is likely to be a corrupted version of the original transmitted
signal; it is distorted due to channel imperfections, many techniques are used to limit localized

interference and noise. [2]
= Noise

Noise is unwanted electrical signals presents in any electrical systems also it could be
considered as data without meaning. This noise can be characterized as random, unpredictable
electrical signals from any of the noise source. Noise sources could be man made (using special

devices to produce noise over certain system) or natural (any elements such: atmosphere and the

sun, etc).

As we know noise can block, distort, or change the meaning of a message or data sent in both

human and electronic communication, so communication systems should use filters to extract

data and achieve receiving pure information (data). [2]

16




e Filtering:.

Filter is a device which transmits only part of the incident energy and may thereby
change the spectral distribution -of 'epergy, so filtering is the process of limiting localized

interference and noise. There are three types of filters and those are:

a. Low-Pass Filter:

This filter is designed to transmit electromagnetic frequencies below a certain value,
while excluding or reduces those of a higher frequency by blocking them. The actual amount of

attenuation for each frequency varies from filter to filter. It is sometimes called a high-cut filter,

or treble cut filter when used in audio applications

b. High-Pass-Filter:

This filter is designed to transmit electromagnetic frequencies above a certain value,
while excluding those of a lower frequency by blocking them. Contrast with low-pass filter. The
actual amount of attenuation for each frequency varies from filter to filter. It is sometimes called
a low-cut filter; the terms bass-cut filter or rumble filter are also used in audio applications. It is
useful as a filter to block any unwanted low frequency components of a complex signal while
passing the higher frequencies. Of course, the meanings of Tow' and 'high' frequencies are

relative to the cutoff frequency chosen by the filter designer.
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c. Band-Pass-Filter:

‘A filter d.esignqd_: to transmit a particular band of electromagnetic frequencies between a
lower cut-off frequency (fi) and a higher cut-off frequency (f) while excluding those of higher

or lower frequencies. It can be madeby a combination of a low-pass filter and a high pass filter.

An ideal filter would have a complete flat passband (e.g. with no gain/attenuation
throughout) and would completely attenuate all frequencies outside the passband. Additionally,
the transition out of the passband would be instantaneous in frequency. In practice, no bandpass
filter is ideal. The filter does not attenuate all frequencies outside the desired frequency range
completely; in particular, there is a region just outside the intended passband where frequencies
are attenuated, but not rejected. This is known as the filter roll-off. Generally, the design of a
filter seeks to make the roll-off as narrow as possible, thus allowing the filter to perform as close

as possible to its intended design.

However, in this project the low pass filter is used in the receiver circuits to obtain the

original signal. [2]
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= Types of wirele'ssnfec'hnologies: -

During the last few_ye;us_, many wireless technologies came out for serving in the short-range
field for commerc_ial applications. Many solutions are possible but need further investigation,

such a solution is:

A. Infrared (IR) technology.
B. Radio frequency (RF) technology.
C. Blue tooth technology.

A. Infra red (IR) technology:

1. Based on the technology of infra red based.

2. Directional system which means that the transmitter should be directed to the

receiver, and if something is blocking the signal like a wall, the system will not

work.
3. Short range, the distance in which the system can cover few meters.

4. The signal could be affected by a noise signals.
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B. Radio frequency (RF) technology:

. Based onradio frequency.

Non directional system, nothing can block the signal from the transmitter to reach

the receiver.

. Wide range, this system covers a wide distance up to miles and this depends on

the used modules.

The signal could be affected by noise signals.

C. Blue tooth technology:

1. Itis a new technology.

We can't say that it is limited because the technology we have in our country 1s
limited up to 100 m, but it's over that range at the outside world.

It is a unidirectional system.

From the previous compan'sbn we are going to use the second technology that is the radio

frequency (RF) signal.Because:
1. It is not limited for a couple of meters.
2 Ttis unidirectional technology in which we will serve our project.
3. Easy to implement.
4. Cheap
5. We believe that this is the actual way for the wireless communication and covers

all what this project need.
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= Radio Fx;e_quency (RF) signal:

RF ‘(Radio Frequency) .is any frequency within thc? electromagnetic spectrum associated
with radio waves propagation and suitable for utilization in radio communication. Some of these
waves serve as camriers of the lower-frequency audio waves; others are modulated by video or
digital information. Radio waves are identified by their frequencies, expressed in kilohertz
(kHz), i.e., thousands of cycles per second, in megahertz (MHz), i.e, millions of cycles per
second, or in gigahertz, i.e., billions of cycles per seconds. The frequencies cover a significant
portion of the electromagnetic radiation spectrum, extending from nine kilohertz (9 kHz), the
lowest allocated wireless communications frequency (it's within the range of human hearing), to

thousands of gigahertz (GHz).

The electromagnetic waves can be generated by alternating current fed to an antenna.
When an RF current is supplied to an antenna, it gives rise to an electromagnetic field that
 propagates through space. This field is sometimes called an RF field; in less technical jargon it is
a "radio wave." Any RF field has a wave length that is inversely proportional to the frequency;

short waves have relatively high frequencies; long waves have relatively low frequencies

RF is a good way to pass information between two things. In the last few years, many
cheap RF boards have become available on the market. Some wireless devices operate at IR or

visiblelight frequencies, whose electromagnetic wave lengths are shorter than those of RF fields.

[4]
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= Antenna: ©

Antenna is a conductive device that converts electromagnetic waves into electric current
and vice versa also designed to transmit or receive radio waves. Antennas are used in systems
using wireless communication such as radio, television broacicasting, wireless LAN, radar
and ...etc. The antenna radiate the modulated signal through the air so that the destination
can receive it and usually work in air or outer space, but can also be operated under water or

even through soil and rock at certain frequencies for short distances.

The Antenna in Physical manner is an arrangement of conductors that generate a
radiating electromagnetic field in response to an applied alternating voltage and the
associated alternating electric current, or can be placed in an electromagnetic field so that the

field will induce an alternating current in the antenna and a voltage between its terminals.

There are two fundamental types of antennas, which, with reference to a specific three

dimensional (usually horizontal or vertical) plane are:

Either Omni-directional (radiates equally in all directions), or Directional (radiates more in

one direction than in the other).
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Antenna parameters

There are several critical parameters that affect an antenna's performance and can be

adjusted during the design process. These are:

Resonant frequency that is related to the electrical length of the antenna.

Gain which measures the directionality of a given antenna. Low gain emits
radiation in all directions equally, whereas a high-gain antenna will preferentially
radiate in particular directions.

Impedance that results as electro-magnetic wave travels through the different
parts of the antenna systems. .

Bandwidth that is the range of frequencies over which it is effective, usually
centered on the resomnt frequency.

Effeciency in transferring power.

Transmit antennas may also have a maximum power rating, and receive antennas differ in

their noise rejection properties

Depending on their use and operating frequency, antennas can take the form of a single

piece of wire, a dip

shaped dish, ora phase array of

surface.

ole grid such as a yagi array, a horn, a helix, a sophesticated parabolic-

active electronic elements of virtually any flat or convoluted
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The size and shape of antennas are determined primarily by the frequency of the signal
they are designed to transmit or to receive. In our projéct we will use antenna as a single

piece of wire. [2]

2.3 Hypothesis:

The hypothesis of this project evolved from the research collected about every theme

related to the project.

= Hypothesizing every component needed to make up this poject is available and will

perform its aimed operation.

= Hypothesizing lab. instruments and tools neeled for testing and implementing the

project are available.

= Hypothesizing this project can be developed and controlled using PIC microcontroller.
= Hypothesizing this project can be developed and implemented using wireless

communication with radio frequency (RF) signal.

= Hypothesizing the project software can be programmed by any high level or assembly

language.
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= Project hardware:

This project is made dp from the following hardware components:

PIC microcontroller that will control all system operations
Transmitter with its encoder that will send needed data

Receiver with its decoder that will receive data sent by the transmitter

powoN

Alarm system that will give a special sound like buzzer

= Project software:

Here are the following can be used:

1. MPLAB IDE software program to write the software code that will operate our

project. This software code will be written usinga high level language that is C

language.
2. WinPIC800 software programmer to download our project program to the PIC

microcontroller.

35 PICI 8 simulator IDE to simulate our program and check it before downloading.

2.4 Project integraty:

= The system doesnot have anything illegal related to relegion and operates within low, for
example we use RF singnal and this signal is more acceptable in low in our countries than

bluetooth signal.
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= The system has 'novilllegal input or response and also does not have bad ethicals.

= The system is secure since each card has its own secret identification code and each
transmitter operates only with its compatable receiver with both must havethe same 8-bit
address. |

= This project is safe since no unsafe and harmful component is used and the alarm system

chosen is very simple and unharmful.

’

2.5 Project Components:

Of course the basic unit of the system is the control unit that will control all the aimed
applications, this unit is the microcontroller. The microcontroller is needed to perform security
calculations wanted to examine if there is any break of the system work (e.g. if the separation

distance between the two cards became longer than that specified, means when the child is

getting away from his/her mother).

In the following sections we provide a detailed explanation of each component and each

part of this project.

2.5.1 Microcontroller:

A microcontroller is a cheap single-chip microcomputer. Single-chip microcomputer

indicates that the complete microcomputer system lies within the confine of the integrated circuit

chip. Microcontrollers are capable of

downloaded into it. The main parts of a mic

storing and running the program that was written and

rocontroller generally consist of the Central
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Processing Unit (CPU),‘.*Ran'dom Access Memory (RAM), Read Only Memory (ROM),
input/output lines (/O lines), serial and parallel ports, timers and other peripherals such as

analog to digital (A/D) converter and digital to analog (D/A) converter.

Microcontrollers are inexpensive microcomputers. The microcontroller's ability to store
“and run unique prdgraiﬁs makes it very flexible. For example, one can program a microcontroller
to perform functions based on predetermined situations (1/0 line logic) and selections. The
microcontroller's capability to carry out mathematical and logic functions allows it to imitate

complicated logic and electronic circuits. [5]

Other programs can make the microcontroller behave like a neural circuit or a fuzzy logic

controller.

=  PIC 18F4520 microcontroller:

This subsection provides a theoretical background about the PIC18F4520.

Different tasks related to this microcontroller, plus the problems faced and how they were

solved.

 The PIC18£4520 is a very powerful 8-bit enhanced flash microcontroller based on Risk

architecture with a nano watt technology, easy-to-program since it has only 75 single word
instructions as well as an extended set of 8 new instructions designed to optimize re-entrant code,

operates at 40 MHZ frequency and is packed into 40- or 44-pin package. The main features of

PIC18F4520 are given below:
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PIC18F4520 main features: °

® 256 bytes of EEPROM data m_einmy.

e 32K e;qﬁancgd flash program memou}.

o Self programming under software control.

e Upto 13 channel 10-bit Analog-to-Digital (A/D) converter module.

e 2 additional timers.

e Capture/compare/PWM functions (CCP).

e Enhanced capture/compare/PWM (ECCP) module.

e Master synchronous serial port can be configured as either 3-wire Serial
Peripheral Interface (SPI™) or the 2-wire Inter-Integrated Circuit (*C™) bus
and

o Enhanced Universal Asynchronous Receiver Transmitter (USART) module.

All of these features make this PIC ideal in serving our needs for the project in single
chip, since we need memory to hold digitized identification data, and modulation to modulate the
carrier signal with the identification data, transmitter that is connected to the antenna for
intermittent transmission of the carrier signal to the other card, receiver that is connected to the

antenna for intermittent reception of a modulated carrier signal from the other card, and a

comparator for comparing identification data in its memory with data carried in the modulated

carrier signal received from the other card_, all of these components can be carried over one chip

that is PXC 18F4520. [6]
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As mentioned previously, the microcontroller that has been selected in this project is the

PIC 18F4520 from Microchip Technology Incorporate. This was done after a long search,

reading and comparison between it and other potential microcontrollers that can be used in this

project. Simply, we have chpsen this chip for its convineing key features as shown in table 2.1.

The following points summarize why we select the PIC18F4520:

Up to 32K x 16 words of FLASH Program Memory, this is quite enough for this project.
Only 75 single word instructions to leamn with Assembly, therefore, it is not so hard to
leam.

C compiler optimized architecture.

Serial communication through Enhanced Universal Synchronous Asynchronous Receiver

Transmitter (EUSART) module.
Low price (about 18$).

Table 2.1shows a comparison between ow PIC18F4520 and other microcontrollers.
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Table 2.1: Key Features of Different 18F Microcontrollers

Key Features PIC 18F2420 | PIC 18F2520 | PIC 18F4420 | PIC 18F4520
Flash program memory 16K 32K 16K 32K
# Single word instructions | 8192 16384 8192 16384
SPRAM 768 1'536 768 1536
EEPROM (bytes) 256 256 256 256
/O - 25 25 36 36
CCP/ECCP (PWM) 2/0 2/0 1/1 1/1
Timers 1/3 1/3 173 1/3

=  Transmitter:

Simply, a transmitter is any object (source) which sends information to an observer

(receiver).

A transmitter propagate

antenna. A transmitter usually has a power supply, an oscillator, a modulator, and amplifiers for

Audio Frequency (AF) and Radio Frequency (RF). The modulator is the device which

piggybacks (or modulates) the signal information onto the carrier frequency, which is then

broadcasted. To tr

broadcasted as radio signals.
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‘Transmitter is riepdéd to convert the mess.'a.ge signal that contains the identification code
produced by the frequency generator into a form suitable for transmission through a wireless
communication to the other card. However, as the transmitted signal propagates along the
channel, it is distorted due to channel imperfections. Moreover, noise and interfering signals
(originating from other sources) are added to the channel output, with the result that the received

signal is a corrupted version of the transmitted signal.
= Receiver:

A receiver is an electronic circuit that receives a radio signal from an antenna and
converts the signal into sound, pictures, navigational-position information, etc. So the receiver
operates on the received signal so as to reconstruct a recognizable form of the original message

signal for a user. Receiver usually has demodulator or detector, filters and RF power amplifier.

In this project receiver is needed to receive the message signal containing the transmitted

card identification code: [8]

- 2.2.3 Alarm

This project has been basically designed utilizing two or more cards -in intermittent

wireless commuhication with each other within a defined communication range.
Coming to this point the importance of the alarm arises. We need an alarm on card no.l

which gives special sound when the alarm system activated and another alarm on card no.2

which also should generate sound in certain sequence, sO We can use it later in specifying the
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location of this card. We should notice that this alarm system is activated if communication

between two cards is broken.

Alarm system is an electrical or electronic device that serves in case of danger by means

of a sound or signal. There are many alarm systems that can serve what is needed in this project,

- buzzer is considered as a simple cheap alarm and can serve this project perfectly. [2]

»  buzzer

A buzzer or beeper is a signaling device, usually electronic that consists commonly ofa
number of switches or sensors connected to a control unit that determines if and which button
was pushed or a preset time has lapsed, and usually illuminates a light on the appropriate button

or control panel, and sounds a warning in the form of a continuous or intermittent buzzing or

beeping sound.

The word "buzzer" comes from the rasping noise that buzzers made when they were
electromechanical devices, operated from stepped-down AC line voltage at 50 or 60 cycles.

Other sounds commonly used to indicate that a button ha been pressed to ring.

Initially this device was based on an electromechanical system which was identical to an

electric bell without the metal gong (which makes the ringing noise). Often these units were

anchored to a wall or ceiling and used th

implementation with some AC-connected devices was to im

e ceiling or wall as a sounding board. Another

plement a circuit to make the AC
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current into a noise loud enough to drive a loudspeaker and hook this circuit up to a cheap 8-ohm

speaker. Nowadays, it is more popular to use a ceramic-based piezoelectiic sounder. [2]

2.2.4 Batteries:

A battery is an electrochemical device that stores chemical energy which can be
converted into electrical energy by producing electrons through chemical reactions that is
Electro-Chemical reactions. Chemical energy is stored and then converted to electrical energy on
demand, thereby providing a direct-current voltage source. Although the term “battery” is
properly applied to a group of two or more electrochemical cells connected together electrically,

both single-cell and multi cell devices are called battery.

There are two general types of batteries; the primary (non rechargeable) battery and the

secondary (chargeable) battery. [9]

* Primary (non rechargeable ) battery:

The primary known as non rechargeable and delivers current as the result of a chemical
t efficiently reversible. Practically, this makes the primary battery non

ittent or continuous discharge can be obtained before the

reaction that is no
rechargeable. Only one interm
chemicals placed in it during manufacturing are consumed. Then the discharged primary battery

must be replaced.
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= Secondary ( rechargeable) battery:

The secondary or storage battely is 1echargeable because it delivers current as the result of a
chemical reaction that is easﬂy reversible. They come in many different designs using different

chemicals.

Rechargeable batteries operate very much in the same way as regular battery when they are
being discharged. However; when the battery is charged, the clections flow in the opposite
direction of the discharge until it is fully charged. They can take electrical energy and store it as

chemical energy for later use.

Non chargeable batteries can be replaced with higher capacity, environmentally friendly,
rechargeable butteries that last for longer each time they are charged and can be used many

hundreds of times savirig us a lot of money. So future applications are proposed to use

rechargeable batteries and this project uses them. [9]

There are several types of rechargeable-battery chemistries:

1. Nickel-Cadmium (NiCad) batteries.
2. Nickel-metal-hydride (NIMH).

3. Lithium-ion.
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4. Zinc-Air. _
5. Rechargeable alkaline.

But which type is most suitable for this project? Really, there are three main considerations:

o . Cost.
o Performance for a given application.

e Environmental fiiendliness.

Since one objective of this project is to develop a portable system that is invisible to the
person using it and easy to cairy, we need a small sized rechargeable buttery that gives as the
needed voltage and last for the longest possible time. However, we didn’t find a specific buttery
that has all features that we just provided, but we found that Lithium-ion is the most suitable

available rechargeable buttery for this project for the following reasons:

1. These butteries produce the same energy as NIMH butteries but are 40% smaller, half the

weight.
2. Cheap

3. Very good power to weight ratio
4. Better for the environment because they don’t contain toxic materials such as cadmium or

mercury.
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Chapter three

Design Concepts

The project objectives and its general block and sub blocks diagram will be shown in
this chapter.

3.1 Project Objectives:

This section gives a clear picture about objectives that we aim to achieve after

implementing this project. The main objectives are listed below:

= To develop a portable security system that is small enough to be virtually invisible to

the person using it so that each card is sized to be sufficiently small and easy to carry.

= Designing and programming a system controller unit and interface it with other

components.

= To achieve security by means of placing two identification codes in the memory of
cach card and use a comparator for determining if a correspondence exists between the

:dentification code in the memory and code carried in the modulated carrier signal

received from the other card.
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» To develop a portable security system with an alarm that sounds if such a
correspondence is not created in the comparator means on the first card after defined
number of transmissions of the modulated carrier signal by the first card.

This alarm should be activated on both cards when mismatch code generated and when

the other card will be out of the defined range.

3.2 Design options:

There are many issues that we must consider in order to build a functional, successful
and reliable portable security system using communication cards. That issue involves proper
design, choice of major components, methods for modulation and others, which are a challenge

on its own. There are many altemative options for choosing each component and this section

talks about each available option.

3.2.1 Microcontroller:

Microcontroller controls different needed functions for the entire project. We have two

available suitable options:

[RNPIC L6E3TT
2. PIC 18F4520
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= To develop a portable secwity system with an alarm that sounds if such a
correspondence is not created in the comparator means on the first card after defined
number of transmissions of the modulated carrier signal by the first card.

This alarm should be activated on both cards when mismatch code generated and when

the other card will be out of the defined range.

3.2 Design options:

There are many issues that we must consider in order to build a functional, successful
and reliable portable security system using communication cards. That issue involves proper
design, choice of major components, methods for modulation and others, which are a challenge

on its own. There are many altemative options for choosing each component and this section

talks about each available option.

3.2.1 Microcontroller:

Microcontroller controls different needed functions for the entire project. We have two

available suitable options:

[SNRICHGERTT
2. PIC 18F4520
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= PIC 16K¥877:

The PIC 16877 is an 8-bit microcontroller based on Risk-architecture, easy-to-program
since it has only 35 single word instructions with 200 nanoseconds execution time and is
packed into 40- or 44-pin package. The convincing features for choosing this microcontroller

are:

e Up to 8K x 14 words of FLASH Program Memory, that is quite enough for this project.
e Only 35 single word instructions to learn with Assembly, therefore, it is not so hard to

leam.

e Low price (about $12-$20).

But the problem in choosing this PIC is the difficulty in programming because it does
not have a high level language compiler specially that its programmer is not available in

our university and very expensive to be purchased.
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= PIC 18F4520:

This project uses PIC18F4520. Its key features are explained in chapter two and are
closely related to PIC 16F877 features microcontroller, and the option of choosing
PIC18F4520 refers to:

= High computational performance.

= Economical price.

= High endurance.

= Enhanced Flash program memory.

= [ts programmer availability in our university.

R IEsC compiler optimized architecture so itis programmed using C language that the
project team familiar with.

= Availability of Mp lab program used in pro gramming it.

=  Mplab aiready provides built functions that makeprogramming easier.
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3.2.2 Transmitter:

The transmitter is used to transmit the identification code. Two suitable options are

available:

1. RTQ4-XXX transmitter.
2. RT4-XXX transmitter.

= RTQ4-XXX transmitter:

It is an ASK radio transmitter with crystal oscillator and external Antenna that allows
to realize a complete radio transmitter adding a coding circuit and shows stable electric

characteristics. It has the following features:

= High Output Power.

= Range 100+ meters.
= Working frequency (433.92, 868.35, 915 MHz) and available as 433, 868 MHz.

It seems an excellent choice far this project, but the problem is that we don't have much

availability of components.
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= RT4-XXX transmitter:

Fortunately RTQ4-XXX is a pin out compatible with RT4 Transmitter that is much
available at a suitable price. This transmitter is discussed in detail in chapter two and here we

give the key features that convince us in choosing this excellent transmitter.

= Available as 315, 418, 433 MHz
= Range up to 70 metios

= Available In DIL or SIL Package
=  Wide Operating Voltage

It seems that its range is less than RTQ4 transmitter. But indeed, 70m is enough for this

project and does not need more.

3.2.3 Alarm system:

Alarm system is needed to give a special sound that indicates beth mother and child
locations. We have two available suitable options: :

1. Alarm system using 555

2. A simple buzzer
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= Using 555 timer:

It is circuit built from: 555 timer and RC circuit edged by a simple speaker. This circuit
is activated when PIC 18F4520 microcontroller command it to work according to certain
conditions. The circuit gives a good sound, but in order to achieve a relatively reliable high
sound, we can connect an amplifier, thereby giving a much stronger sound good enough to

indicate both mother and child location at a longer distance. The circuit schematic is shown

below:
100K
VCC
0.1u : 0.4y
%'———L DSCHG  OUT ( AAA 3 .
—IA o cy 0.1 m_E T
4 u »
CONNECT TO THE TR sss = HE
PIC AAN £ TRG o) =g SPEAKER
10K yeeo— 8 liee ol\
MC

Fig.3.1 Alarm using 555 schematic

= A simple buzzer:

This option is what we will take in this project. It is a simple circuit that has only a
simple buzzer connected to a transistor. This buzzer when triggered by PIC 18F4520 gives a

special sound indicating the location of both mother and her child. The reasons for choosing

this option is that
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1. Itis arelatively very simple circuit with only two components.

2. Buzzer is much available in our market.

3. Gives us the needed sound and this buzzer can be replaced with a much higher

sound circuit like piezoelectic alarm.

3.3 Design realization approach:

In this project we will follow the prototype approach when we implement the project
system. We will build two cards (the mother card and son card) with both have symmetrical
components. Those components are PIC, transmitter with encoder, receiver with decoder and

alarm system. RF communication signal holding digital code will be sent and received between

both cards.

3.4 General block diagram:

This section illustrates all general components of the system, their block diagrams and

routines embedded in the two cards.

Fig3.2 illustrates two thin cards with their major components. These major components

are microcontroller, transmitter, receiver as well as the alam.
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The transmitting/receive part acts on both the reception and transmission of a radio frequency
(RF) carrier signal .through which card no.1 intermittently transmits specific signal to card
no.2. The controller at card no.2 continuously monitors the received demodulated signal, and
on sensing the commencement of such signal the controller prepares other embedded circuit
parts as shift register and comparator for comparing this signal with an identification code in
the card memory. Mgapwhile, card no.1 has started monitoring for any sign of a return carrier
signal and on sensing the commencement of that carrier signal; card no.l controller prepares
other circuit component as shift register and comparator for comparing the received signal with
code in card no.l memory. On matching those codes, we reset a timer and card no.2 is in safe
domain. If the timer is not reset during a defined number of transmissions by the first card, the

alarm circuit will be immediately activated on both cards.

In the following section we will show each component block diagram and the

interfacing between those components in more details.
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Card no.1 ! Cardno.2

e
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Transmit/ <1——J\ Mictacontrsller : Transmitf  JA——

Receive part Recelve part | ] Microcontroller

Alarm ‘ Alarm /

Fig. 3.2: General Block diagram

3.5 Interfacing of the main components & sub components

This section illustrates interfacing between all components of the system, their detailed

block diagrams and detailed system circuits operations.
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= Microcontroller PIC18F4520 part:

This portable security system is based on PIC18F4520 microcontroller to control
functions of memory, the modulation means, the demodulation means and the comparator

means.

As we can see in Fig.3.2 shows the general interface between the microcontroller and

the other two major components; transmitter/receiver and the alarm.

Card no.2 microcontroller continuously monitors receiving any sign of a received
carrier signal and on sensing such a signal the controller prepares it to be compared with an
identification code placed in the card memory (PIC 18F4520 memory). If both are matched
then the microcontroller order the transmit/receive part to generate carrier signal and prepared
it to be sent by transmitter to card no.l. At this moment, controller on card no.1 has started
monitoring receiver for a return carrier signal from card no.2. On sensing that signal, controller
prepares it for comparing with identification code placed at card no.1 memory. If matched, the

controller restarts an internal timer. If this timer is not restarted during a defined number of

transmissions by the first card, the controller activates the alarm.
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1

Fig. 3.3 PIC18F4520 detailed block diagram.

= Transmitter/Receiver part:

On both cards a transmitter/receiver is mounted that is acting on both transmission and

reception of a radio frequency (RF) carrier signal.

The card receiver receives the modulated carrier signal coming from the other card

intermittently. The demodulator placed at the receiver demodulates the carrier signal coming to

the card in order to obtain a digital code carried in that signal. That code will be prepared for

comparing operation done by the comparator with the identification code placed in that card
mem01y. In case that both codes are matched, carri

identification code register are fed into the carrier signal at th
r then sends the carrier signal to the othercard intermittently.

er signal is generated and the contents of

e modulator housed in the

transmitter. The transmitte
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As a first stage we need to define the frequency on which the transmitter will operate and
that is done by the frequency generator or oscillator. The basic operation that must be
performed on the carrier signal is modulation which is performed as the second stage by the
modulator. The identification code placed in the card memory is fed into the cairier signal
generated by_ the carrier signal generator at the modulator. The carrier signal and the
identification code are modulated by means of modulation which is a technique for impressing
information (voice, music, picture, or data) on a radio-frequency carrier wave by varying one
or more characteristics of the wave in accordance with the intelligence signal. In this project
modulation can be done by varying the amplitude (or height) of the carrier known as amplitude
shift keying modulation (ASK). However, there are various forms of modulation, each

designed to alter a particular characteristics of the carrier wave.

The power amplification of the radio signal is carried out in the final stage of the block
diagram. It makes the signal stronger so that it can be transmitted into the aerial. However, the
RF power amplifier output must be connected to a correctly matched antenna (the “Load”) to

work properly. The carrier signal is sent and received between two cards through this antenna.

Using wrong antenna, or no antenna, can cause damage to the transmitter.

Fig. 3.4 shows our detailed transmitter block diagram. As we can see, the transmitter has

three major parts: modulator, frequency generator and the radio frequency power amplifier.

Transmitter is connected to the antenna for the transmission of the carrier signal to the other

card
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Fig.3.4 Transmitter block diagram

= RT4-433.92 Radio Transmitter:

This project uses RT4-433.92 as its transmitter. RT4-433 is a hybrid circuit that allows

realizing a complete radio transmitter adding a coding circuit with SAW resonator and external

antenna.

transmitter for its features; its high reliability in a DIL package
stable electric characteristics "thick film hybrid technology".

We have chosen this
(Dual In-line Package) with
433.92 MHZ is enough for this p

determining if the child has bea away from his mother.

roject as it serves about 70m which is a good distance for
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Coming to this point, we will talk about the receiver. Fig. 3.5 shows our detailed
receiver block diagram. As we can see, the receiver has three major parts that are the
demodulator, filter and the radio frequency power amplifier. Receiver is connected to the
antenna for receiving the camier signal has been sent by the other card. The carrier signal is
received from the other card through an antenna which is connected to a power amplifier. The
power amplification of the radio signal is carried out in the first stage of the block diagram. It
makes the signal stronger so that it can be transmitted into the aerial. This amplifier is
connected to a filter that is needed to pass only our frequency. As a final stage, this filter is

connected to a demodulator for the process of demodulation.

Demodulation is the act of removing the modulation from an analog signal.
Demodulating is necessary because the receiver system receives a modulated signal with

specific characteristics and it needs to tum it to its original characteristics.

There are several ways of demodulation depending on what parameters of the signal are
transmitted in the carrier signal, such as amplitude, frequency or phase. And because our signal
has been modulated with a linear modulation ASK (Amplitude shift keying Modulated), we
need an ASK demodulator. After this process, we get the original identification code that is
ready to be sent to the shift register to be compared by the comparator with the previously

stored identification code. [10]
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Fig. 3.5 Receiver block diagram

= RR3-433.92 Radio Receiver:

This project uses RR3-433.92 as its receiver. RR3-433.92 is a super regenerative

amplitude shift keying (ASK) radio receiver with laser trimmed inductor.

We have chosen this receiver for its features; that its high frequency stability in

presence of mechanical vibrations, manud handling and in a wide range of temperature.

The frequency accuracy is very high, thanks to laser trimming process. Fig. 3.6 shows RR3

block diagram. [10]
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Fig. 3.6 RR3 block diagram

= Alarm part:

Both cards houses a simple alarm that is activated if no correspondence is created after

defined number of transmissions of the modulated carrier signal between the two cards.

Simply, within a defined communication range, a modulated carrier signal intermittently

transmitted by the first card is adapted to create e
such correspondence; the other card is adapted to transmit a returm modulated carrier signal to

the first card. The returmn modulated carrier signal is adapted to create a ¢
| timer as we refereed previously. However, if the timer is

a correspondence on the other card, on finding

orrespondence in the

first card after resetting an intema
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not restarted that is the correspondence is not created on that card after a defined number of

transmissions of the modulated carrier signal by that card, then an alarm register will be setting

and this setting will activate our simple alarm circuit

Microcontroller Interfa_ce circuit (e.g Sound part
E—— : transistor, timer555) (e.g: Speaker , Buzzer)
— .

Fig. 3.7: Alarm Block Diagram

As shown in fig. 3.7 the alarm system can be implemented using either a transistor
connected to a buzzer or by using timer 555 connected to a sound speaker: PIC 18F4520
microcontroller will trigger the buzzer through the transistor base that is connected to one of
the PIC 18F4520 output ports, or will activate timer 555 and though speaker gives sound.

However, this alarm activation can only occur if such mismatching between both cards codes

occur or if there is no respond between both cards.
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= Embedded caxd circuitry

Fig. 3.8 shows the two card of the project more details with the interface between all the

-~ project components and sub components. As shown in the figure, each card is housing:

1. A PIC18F4520 microcontroller that embodies the following components:

a. A memory holding a digital identification code for identifying the card.

b. A comparator means for determining if a correspondence exists between the
identification code in the memory and the digital code carried in the modulated
carrier signal received from the other card.

2. Also each card housing an antenna.
3. A transmitter connected to the antenna for intermittently transmitting the
modulated carrier signal to the other card.
4. A receiver connected to the antemna for intermittently receiving a modulated
carrier signal from the other card.
5 Modulation means for modulating the camier signal with the identification code
in the memary.
6. Demodulation means for demodulating the camier si gnal to obtain a signal code
carried in that signal.
7. Both cards housing an alarm means that it i

created in the comparator means on the first card after

s activated if the correspondence is not

a defined number of

transmissions of the modulated carrier signal by the first card.
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Fig3.8 Complete project block diagram

On card no.l (mother card) is mounted an antenna that acts on both the reception and
transmission of a radio frequency (RF) carrier signal. The antenna is connected to signal
demodulator, and to a signal modulator. Signal demodulator removes the digital identification
code from the carrier signal, and that code is shifted serially into a shift register. Once register
has been loaded, its contents are compared in a comparator with the contents of the
identification code register. If the contents of both registers are matched, comparator produces

a code match signal on output line to the controller. The second card has similar components.

The differences between the two cards will be discussed later.
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An antenna 1s mounted on mother card and initiates the intermittent communication
between the two cards. A controller on mother card tums on a carrier signal generator
connected to a modulator. After the carrier signal has stabilized, the contents of identification
code register are fed into the carrier signal by modulator. A controller on the card no.2 (son’s
card) continuouslj mpnitors demodula_tor for any sign of a carrier signal, and on sensing the
commencement of such a signal the controller prepares shift register to receive an
identification code from demodulator. Once shift register has been loaded serially, its contents
are compared in comparator with identification code register. If the two inputs to comparator
match, the output line from comparator changes state. The change in state causes son’s card
controller to turn on carrier signal generator connected to modulator. After the carmrier signal
has stabilized, the contents of an identification code register at the son’s card are fed into the

carrier signal at modulator.

Meanwhile, controller at the mother card has tumed off carrier signal generator and has
started monitoring demodulator for any sign of a return carrier signal from the son’s card. On
sensing the commencement of that return carrier signal, controller at mother card prepares shift
register to receive an identification code from demodulator. The shift register is then loaded
serially, and its output compared in parallel with the identification code register on mother card
' by comparator on that card. If the comparator output line changes state, indicating a match,

tarts operation again. If mismatching occurs or no signal sensed, it

controller at mother card res
second, if this period finished without matching or

waits for checking for approximately 2.25

sensing any signal, controller at both cards activates an alarm circuit that is housed within

mother card as well as son’s card.

Y/




B

Chapter

Hardware System Design

4.1 Preface.

4.2 Project Phases.

4.3 Schematic Design.

58




——

Chapter Four

Hardware System Design

4.1 Preface:

This chapter gives a big look about the options can be used in implementing this project.
For example is there any choice can be used to implement this project using another
microcontroller, another transmitter or another alarm system. It also provides the full schematic

view to this project for each subsystem in it and also for the complete system.

4.2 Project phases:

1. Transmitter at the mother card will send identification code to the receiver of the son

card.

2. If data reaches sons card successfully, receiver demodulates data and data will be ready

to be compared with the stored son identification code.
3. Ifboth codes match each other, son’s card reply with a signal holds sons identification

code and send it to be compared at the mother card.

4. If codes do not match or no data received, PIC will activate alam system at son’s card.

e ‘ comparison operation with the
5. If the mother's card receive signal from her son, then comp pe

stored mother's identification code will be done.

5




e CO(.iCS match each other, mother card intern replies with a signal holds mothes
identification code and send it to be compared at the son card

7. If both codes do not match or no data received, PIC will activate alarm system at mother's

card.

4.3 Schematic design

This chapter illustrates a detailed schematic design for the major components that make
up this project as well as the interfacing schematic design for all of these components together.

The components are:

1. Transmitter RT4-433.9

2. Receiver RR3-433.92

3. PIC 18F4520 microcontroller
4. Alarm system

4.3.1 Transmitter RT4-433.9:

Simply, the transmitter is used to convert the message signal that contains the
b

identification code produced by the frequency generator i

through a wireless communication to the other card.

nto a form suitable for transmission
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This project uses RT4-433.92 as its transmitter. RT4-433 is an AM/ASK complete RF

hybrid transmitter with very stable frequency at a range up to 70m. It allows realizing a complete

. traHSI.Tlltter adding a coding circuit with SAW resonator and external antenna. The
transmitter is shown in fig.4.1:

It has four pins:
1. Pinl is connected to the supply voltage (+5v)
2. Pin2 is connected to the ground
3. Pin3 is a data input connected to the output of the encoder
4

. Pin4 is connected to the antenna to transmit the data serially.

|
Cin RT4 EA‘:

2 bl 2 e

Fig. 4.1 RT4-433.9 transmitter

RT4-433.9 transmitter transmits information (address + data) that is previously encoded

via an encoder and this project uses HT-12E encoder.
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= Encoder HT-12E:

HT'IZE encoder is one of 2'? series of encoders that is used for remote control system
applications. These encoders are capable of encoding information which consists of N address
bits and 12-N data bits. Each address/data input can be set to one 6f 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 HT-12E

enhances the application flexibility of the 2' series of encoders. HT-12E is shown in fig.4.2

anCjt — 1apveo
ArCO2 17 A DouT
A2[]3 18 [10sc1
AiC)e 15 193502
A S 12T
As[]s L1 Aaen
As )T 12 JADIS
AT 3 11 [J4D9
w58 [ 9 10 [Jaca
HT1Z2E
—-18 DIF

Fig. 4.2 HT-12E encoder

As it shown in the figure, this encoder has 18 pin:

1. Pins (1-8) are input pins for encoder address (AO-A7) setting
Pin 9 is connected to ground
Pin (10-13) are input pins for address/data (AD8-AD11) setting

Pin 14 is a transmission enable for this encoder .
pins and are connected to 1MQ that gives

S8 S 000 oA

Pins 15/16 come from output/input oscillator

the best oscillating frequency.
6. Pin 17 is encoder data serial transmission output

7. Pin 18 is connected to the positive power SUPPIY("'SV)
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= Transmitter schematic:

The HT-12E .
encoder has to take a specific address; in this project we give it an 8-bit

address (A0-A7). The four AD8-ADI11 pins are considered as data pins that will take the

identification code needed to be carried over the RF signal to be transmitted to the other card. As
the transmission enable (TE) is enabled; the information (address + data) would be available at
the output pin (D out) that is connected to pin 3 of RT4 transmitter and that encoded information

would be carried over RF signal. Fig 4.3 shows the transmitter schematic with its combatable

encoder.

RT4-433.9

- g DOUT %

ERREBZE

HT12E

14

0 10 10 e
oo 1 ang
Wo T2 an1p

" NEe———
4 LB

TE
DD

18

Fig. 4.3 Transmitter schematic
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43.2 Receiver RR3-433.92:

Simply, we need a receiver in order to receive the message signal containing the
transmitted card identification code.

This project uses RR3-433.92 as its receiver. RR3-433.92 is an AM/ASK super
regenerative radio receiver with laser trimmed inductor that is combatable with the used

transmitter. The receiver is shown in fig.4.4, L

It has 15 pins:
1. Pins (1,10,15) are connected to supply voltage (+5v)
Pins (2,7,11) are connected to the ground
Pin 3 is connected to external antenna
Pin 14 is the receiver output connected to decoder input

Pins (4,5,6,8,9,13) are not connected

gl s )

RR3-XXX

AERIAL

Fig.4.4 RR3-433.92 receiver |
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The RR3. i : . ;
3.433.92 receiver gives the information received to a decoder that will
perform the demodulation process in order to get our needed previously transmitted

identification code. The decoder used in this project is HT-12D decoder.

= Decoder HT-12D:

HT-12D decoder is one of 2" series of decoders that is used for remote control system
applications and is combatable with HT-12E encoder. For proper operation, a pair of

encoder/decoder with the same number of addresses and data format should be chosen.

The decoders receive serial addresses and data from a programmed 2'? series of encoders that
are transmitted by a carrier using an RF transmission medium. They compare the serial input
data three times continuously with their local addresses. If no error or unmatched codes are
found, the input data codes are decoded and then transferred to the output pins. The 2 12 series of
decoders are capable of decoding information that consists of N bits of address and 12_N bits of
data. Of this series, the HT-12D is arranged to provide 8 address bits and 4 data bits. HT-12D is

shown in Fig. 4.5.

Al > tspvoo
’\1:2 17vT
Az[]3 1€ 08LCY
AaC]4 13[Joscz
AcCls 14JDN
AsCls 13Dt
A7Cla 11[103
vss[]9 10103
HT12D
-18 DIP

Fig. 4.5 HT -12D decoder
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As it shown in the figure, this decoder has 18 pin:

-8. - Pins (1-8) are inqu pins for decoder address (A0-A7) setting
9. Pin 9 is connected to ground :
10. Pin (10-13) are output data pins (D8-D11) setting
11. Pin 14 is a serial data input pin acts as a trigger for the decoder
12. Pins 15/16 come from output/input oscillator pins and are connected to 47 K< that gives
the best oscillatng frequency.
13. Pin 17 for valid transmission

14. Pin 18 is connected to the positive power supply(+5v)

=  Receiver schematic:

The receiver output pin (14) is connected to the HT-12D input (DIN). This HT-12D
decoder has a specific 8-bit address (A0-A7) combatable with the used encoder address. The

decoder receive data that are transmitted by an encoder and interpret the first N bits of code

period as addresses and the last 12-N bits as data, where N is the address code number. A signal

on the DIN pin activates the oscillator which in turn decodes the incoming address and data. The

decoders will then check the received address three times continuously. If the received address

codes all match the contents of the decoder’s local address, the 12-N bits of data are decoded to

activate the output pins and the VT pin is set high to indicate a valid transmission. This will last

unless the address code is incorrect or no signal is received. At the end of this process we get our

original identification code that was transmitted over an RF signal and now is ready to be
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compared by the microcontroller. Fig 4.6 shows the receiver schematic with its combatable
decoder.

RR3-433., 92

14 o pg O
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Fig.4.6 Receiver schematic

4.3.3 PIC 18F4520 Microcontroller:

This project uses PIC 18F4520 to control the functions of transmitter, receiver and alarm

system. This microcontroller is packed into a 40 pin package as shown in Fig. 4.7
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40-pin PDIP
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Fig.4.7 PIC18F4520

It has the following features:

1. 20 MHZ operating frequency.

2. Memory: 32768 bytes memory, 16384 bytes program memory, 1536 bytes data
memory
Five I/O resources: A, B, C,D, E

4. Four timers

One capture/compare/PWM module with another enhanced

(9,

capture/compare/PWM

6. 20 interrupt sources
7. MSSP with enhanced USART serial communication
8

Paralle] communications PSP
9. Programmable high low voltage detects.

10. Programmable brown out reset

11. Instruction set: 75 instuctions with 83 extended instuctions enabled.
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All the ot i
her project components are connected to this microcontroller in a way

that each of them can perform its proper operation as discussed below.

4.3.4 Alarm:

This project uses two alarm systems housed on both cards. An alarm system is needed to
give a special sound if communication between two cards is broken; this sound is useful to

indicate both mother and child’s location.

The alarm system used in this project is a simple buzzer that has two edges. With edge 1
is connected to Vce (Sv) while edge 2 is connected to a transistor. This buzzer gives a special
sound to indicate the location of both mother and her child. Fig. 4.8 shows the alarm system

circuit.

cormected to PIC Pin o1

2N2219

=0

Fig. 4.8 Alarm schematic
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As shown in the figu
gure, edge 1 of the buzzer is connected to the collector of the transistor
while the transistor emitter is connected to ground and the transistor base is connected to an

output pin of the microcontroller; this output pin works a trigger that activates the alarm
when needed.

4.3.5 Whole system schematic:

As we can see from fig. 4.8, PIC 18F4520 is connected to all project components. Those

are: transmitter, receiver and the alarm.
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Fig. 4.9 Whole system schematic !
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As the store.d 1dentification code needed to be checked is a four bit code. We need four
pins to send a specific 4 bit identification code to the encoder input, four input pins to receive
four bit code from the encoder output, one output pin connected to the alarm, in addition to two

ground pins and another two for Vce and one pin for reset (MCLR/VPP/RE3)

PIC 18F4520 uses four pins of port A specifically pins(A0-A3) fiom the LSB till the MSB
as input pins to receive four bit data from the output of the decoder which is connected to RR3
receiver. This code is compared with a four bit identification code stored in one of the PIC
intemal registers. If they are matched, PIC will use four pins of port B as output pins specifically
pins (B0-B3) from the LSB till the MSB to send four bit data to the input of the encoder that is
connected to RT4 transmitter in order to be sent to the other card. But if both codes are
mismatched PIC will trigger the alam circuit.

Pins 13/14) come from output/input oscillator pins connected to 20 MHz that gives the best
oscillating frequency. High volts (+5v) were given through pins (11,13) and ground through
pins(12,31) ,also to ensure that it always gets five volt what ever the input is; we used a

regulator interfaced with the power supply.
Pin (4) of the PIC = pin 2 of the port A is connected to the base edge of the transistor which

is connected to the buzzer. This pin works as a trigger that activates the alarm circuit if

mismatching between both cards occurs or such communication signal cannot reach either card

for any reason.
¢ high (1) output, then the buzzer is activated at both the mother and

When pin (4) gives logi e oo
ideration the

her child cards and gives a special sound indicates their location. Keeping in cons

difference in sound for both cards.

output (0), this means that matching between both cards occurs and |

If pin (4) gives logic low

the child is safe, thereby the buzzer should not be activated.
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Chapter Five
Software System Design

5.1 Preface:

This chapter describes the basic program used to operate PIC 18F4520. Some methods and
psudocode are used to simplify this program, it also contains algorithms describe both cards
processes from first step in the project (initialize the ports & transmitting the signal) to the final

step (reéeiving signal and perform the action elated to the sigal).

The overall software is programmed by using C language.

5.3 WinPIC800:

Being that PIC has the ability to be programmed more than one time, so there must be an

interface circuit between the PIC and the PC (personal computer) S0 we can read from and write to

it (programming). Also the PC should have software which we can program PIC18F4520 through
it and that software used is WinPIC800.

rate along with the corresponding

WinPIC800 is free download software used to ope
programmer built for our PIC 18F4520.
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The WlnP.IC8 00 a.nd 1ts programmer support multiple series from the Microchip PIC (for 8
pin 18 pin; 28 pin, 40 pin). There are many devices that are compatible with WinPIC800. This
winpic800 programmer downloads the HEX file that represents the program we want to do“;nload
it on the PIC.

Winpic800 Software is very easy to deal with, and use through its friendly UI (User
Interface). Before that the software should be downloaded to the PC (which can be downloaded as
free from internet), then the programmer circuit is connected to the PC through Parallel port, then

we can work easily with programmer.

First of all the PIC 18F4520 should be fixed in its place on the programmer circuit. Be sure
that there is power supply connected to the circuit, then start Winpic800 Software. Through its
window ﬁfst we detect the connected device and in our case the program should give us that "the
detected device is 18F4520", then we open the .HEX file stored on the PC, download it on the PIC
through "program all button". To be sure that the program downloaded correctly we use "verify
button" which checks the downloaded code. There is property on this software that we can read the

code stored on the PIC. Fig5.1 shows Winpic800 Software interface.
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5.3 MPLAB IDE:

MPLAB IDE is a2 Windowss-based Integrated Development Besvippaoent (F) fox the

Microchip Technology Incorporated PICmicro® microcontroller. MPLAB IDE allows the user to

write, debug, and optimize PICmicro microcontroller (MCU) applications. MPLAB IDE includes a

text editor, simulator, and project manager. MPLAB IDE also is easy-to-leam and use Integrated

Development Environment (IDE).
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Fig. 5.1:Winpic800 Software.

S3 MPLAB IDE:

MPLAB IDE is a Windows®-based Integrated Development Environment (IDE) for the

Microchip Technology Incorporated PICmicro® microcontroller. MPLAB IDE allows the user to
plications. MPLAB IDE includes a

write, debug, and optimize PICmicro microcontroller (MCU) ap
AB IDE also is easy-to-leam and use Integrated

text editor, simulator, and project manager. MPL

Development Environment (IDE).
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The MPLAB C18 compiler has the following features:

= Integ_rat.ic‘)n With the MPLAB IDE for easy-to-use project management and source-level
debugging. ~

= Generation ofrelocatable object modules for enhanced code reuse.

= Compatibility with object modules generated by the MPASM assenbler, allowing

complete freedom in mixing assembly and C programming in a single project.

= Transparent read/write access to external memory.

»  Strong support for inline assembly when total control is absolutely necessary.

= Efficient code generator engine with multi-level optimization. :

= Extensive library support, including PWM, SPI™, 12C™, UART, USART, string
manipulation and math libraries.

= Full user-level control over data and code memory allocation.

Using MPLAB IDE helps us writing code and testing it to make the project works in a
proper way. After building the program (executing the build command in the MPLAB so it
compiles the code) we write for any of system cards, it automatically creates (hex) file having the

same name of the project which includes the hex translated code of the C code. This hex file can

be used in PIC18 simulator IDE program; we will talk more about this program in chapter six.

Fig5.2 gives simple viewof MPLAB interface.
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e v e 3 y i | ‘
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Fig. 5.2 MPLAB IDE.

3.4 Simulation:

At The first stage we simulate card operation by using PIC18 Simulator IDE software. This
software is shown at the figure below.Fig.5.3: PIC18 Simulator IDE.
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Fig. 5.3 PIC18 Simulator IDE

st card operation and then start simulation.

We load the .hex program that performs the fir

The card operation can be seen using two tools; 8xLed board and oscilloscope.

The following figure shows how 4-bit code (1111) is sent through transmitter at ports D0-D3.
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Fig. 5.4 transmitting data (1111)
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The following figure shows the moment when the transmitter is disabled as pin TE goes high at

port AO when finishing transmitting data.
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Alarm is activated

Fig. 5.5 Transmitter is disabled

The alarm is activated as no signal is received at receiver of the first card. Buzzer is

connected to port A2 and at that moment this pin goes high as shown in the figure below. Fig 5.6
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Fig 5.6 Alarm is activated

The following figure shows the result of the operation using oscilloscope tool
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Fig 5.7 output using oscilloscope tool

5.5 System Algorithm:

This section shows routines and functions of the programs and algorithms written to make

the system work properly. Each card has an algorithm written to control the function of the card

and each card has a flowchart describes how this card will work.

Fig5.8 shows the flowchart of mother's card, which represents the start with initialization
185.8 shows the

PIC18F452

done to configure the work of each port we used in

Prepared PgORTD for transmitting it through transmission circuit. This transmission could not
€d on or

0 .then the mother's code will be
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o done unless the enable pin in the encoder is activated (TE =0). After finishing the transmission

= . ' . 3
this card should wait for son's card to reply with its code, this means if the receiver of the mother's
card receives any data from the son's card. The end of waiting will be according to the VT pin of
the decoder in the receiving circuit. ‘If the mother's card dose not receive any data the

microcontroller should wait fQu1' times to give the other: card chance to reply if there were no

received data after this four times the alarm circuit will be activated.

' There is another case causes the alarm to be activated, that is if the son's card replies with incorrect

code and the same as previous case the microcontroller will wait for four times then if no correct

reply the alamn is activated
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Fig5.8 Mothers card flowchart
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+TE: pin 14 from HT-E which is connected to the Transmitter, this input p1n should be 0 so this

patt (transmISSIOI’l) can start transmission,
#yT: pin 17 from HT-D which is connected to the Receiver, this output pin gives 1 when there is

any action on the recelving part.

Fig5.9 shows the flowchart of son's card, which represents the start with initialization done
to configure the work of each port we used in PIC18F4520 .fhen the son's code will wait for the
mother's card to send correct code by keep checking the VT pin of the decoder in the receiving
circuit. If there is data received it will be checked if it equal to the code of this son's mother. If the
received data is correct then another data will be prepared on PORTD for transmitting it through
transmission circuit. This transmission could not be done unless the enable pin in the encoder is
activated (TE =0). After finishing the transmission, the card will repeat its work again. If the
received code incorrect the microcontroller should wait four times before activating alarm. Beside

this if the card doesn't receive data from the beginning, the microcontroller should wait for 4 times

before activating the alarm system.
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Fig5.9 Sons card flowchart
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. »in 14 from HT-E which i
+TE: pin | which is connected to the Transmitter, thig input pin should 1
part (transmission) can start transmission. T
o HT- ich i
#VT: pin 17 from HT-D which is connected to the Receiver, this output pin gives 1 when there is

any action on the receiving part.

5.6 Program Code:

This section shows a software programs that has been written using C language. We have
two programs, one for the mother card and the otheris for her child card. Each program describes

the full operation for each card.

5.6.1 Mother card software program:

This part of the C langnage program is responsible to send and receive identification code

(digital bits) wirelessly between mother's card to her son card.

This program is divided into three parts: first one (the libraries needed and some
configurations must be done for this PIC), second part (main code in which we configure and

initialize ports we used from the PIC), third part (this part is responsible of the

needed and the enabling\disabling parts from the project).

real calculation
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#include<p18f4520.h>
#include<delays.h>

jpragma conf%g OSC = INTIOG?

gpragma conf}g MCLRE = ON

spragma config WDT = OFF//no Watchdog,
gpragma config LVP = OF
spragma config PBADEN =

no low voltage programming

rj

OFF// to turn of ADe

This part shows calling for PIC18F4520 related libraries (p18£4520.1), also delays library
(delays.h) needed in the program. This part is specifying the oscillation PIC18F4520 work at, it
can work either at internal oscillation or connecting external oscillator between pinl3 and pinl4 of
the PIC. The code shown indicates that the oscillation will be internally which means SMHz.
PIC18F4520 has intemally ADC (Analog —To — Digital Converter), we can work with it through
PORTB, because we need this port as input port so first we should disable this property by using

the following configuration "PBADEN = OFF".

PART TWO:

void cardl (void);

void main (void)
{

//port B as input port from reciever
TRISB=0b00001111;

//portDd as output port to transmitter
TRISD=0b00000000;

//Porta as output port to control
TRISA=0L00000010;

ADCONO=0x3c;

ADCON1=0x0F;
while( 1 )

{

Cardl () ;

}
}




This part shows ’fhe initialization of the ports we used. PORTB as input port which will be
connected to the data lines received from the Receiver, PORTD as output port which will be

connected to the data lines transmited through Transmitter and PORTA as output port which will
be used to control the transmitter, receiver, and alarm system

This part contains while (1) at which this statement will achieve the continuous working of
the PIC according to program downloaded to it. The last thing in this part is the calling of card1 ()

function in which we have all work in it.

PART THREE:

void cardl (veid)

{ int inputl;
int output;
abiglie Ak 917

PORTD=15; // == 1111

//send 0 to set encoder "TE transmit"”
PORTC=0;

Delayl00TCYx(0) ;

//disable the transmitter

PORTC=15;

DelaylOO0TCYx(0);

if ( PORTAbits.RAl)//RAl connected to VT

{
input1=PORTB & 0b00001111;

//start to compare
if (inputl == 13) // 1101
{ cardl():}
else
{for (i=0;1i<4;i++) ' i
(e PORTAbits.RALl) //RAL connected to VT

{input1=PORTB & 0b00001111;
//start to compare
it (anputl == 13) {cardl();}

}

}
while (1) {
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//set alarm eircuit
PORTAbits.RA2=l:}

}

}

else
{for(i=0;1i<4;i++)
(i ( PQRTAbits.RAl)//RAl connected to VT
{ inputl=PORTB & 0b00001111,
//start to compare
1f (inputl == 13) {cardl () ;)
}
}
while (1) {//set alarm circuit
PORTAbits.RA2=l:}}}

This part starts by preparing the code that mothers card will transmit (1101) then enable the
encoder to receive this data and send it through transmiter (this enabling done by sending 0 to TE
pin in the encoder since its active low pin).then call for delay function from delays.h library which
gives the encoder some time to completely prepare data for transmitting. After the delay complete
the encoder will be disabling by sending 1 to TE pin in the encoder so that the transmitter will not

send more data until the PIC order that.

After sending this code the PIC will wait for another code comes from the sons card, the
PIC will recognize that data received by checking the VT pin from the decoder at which this pin
will be 1 if there any correct action on the receiver ,in other words if the receiver received code
from the correct address (sons card address) the VT will be 1, the PIC then compares the received
code (send by sons card) to that one stored in side the PIC .if the two codes are matched then the
previous process will be restarted. If the two codes are not matched the card will wait four times
before starting the alarm. If it receives correct code through these four times the process will

restart, I not the alarm will be activated by the PIC after finishing four times.
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If the PIC doesn't receive signal from start, the program will BE e 4 tothie lustolss

statements at which will wait four times to receive any data, if there is no data received the alarm
system will be activated.

5.6.2 Son card software program:

This part of the C language program responsible to receive and send identification code

(digital bits) wirelessly between the son card and his/her mother. 4

This program is divided into three parts: first one (the libraries needed and some
configurations must be done for this PIC), second part (main code in which we configure and
initialize ports we used from the PIC), third part (this part is responsible of the real calculation
needed and the enabling\disabling parts from the project).

PART ONE:

#include<pl8£4520.h>
#include<delays.h>

fpragma config OSC = INTIO67
#pragma config MCLRE = ON A
#pragma config WDT = OFF//no Watchdog, no low voltage programming
fpragma config LVP = OF

¥pragma config PBADEN = OFF// to turn of ADC

L33

4520 related libraries, also delays library needed in the
PIC18F4520 work at, it can work either at internal
een pinl3 and pin14 of the PIC. The code shown
ch means 8MHz. PIC18F4520 have internally

This part shows calling for PIC18F
Program. This part is specifying the oscillation
oscillation or connecting external oscillator betw

Indicates that the oscillation will be intemnally whi
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PART TWO:

void card2(void) ;

void main (void)

{

//port B as input port from receiver
PRISB=0b00001111;

//portD as output port to transmitter
TRISD=0b000000Q0;

//Porta as output port to control
TRISA=0b00000010; |

ADCONO=0x3c;
ADCON1=0x0F;
while( 1 )

{

Card2 () ;

}

}

This part shows the initialization of the ports we used. PORTB as input port which will be
connected to the data lines received from the Receiver, PORTD as output port which will be

connected to the data lines transmitted through Transmitter and PORT A as output port which will

be used to control the transmitter, receiver and alarm system.

This part contains while (1) at which this statement will achieve the continuously working

of the PIC according to program download to it. The last thing in this part is the calling of card2 ()

function in which we have all work in it.




A

PARTTIHKEE:

void card2(void)
{

int ilj; 3
int input0, inputl;
int output;

if (PORTAbits.RAl==1) //if any data recieveq
(input1=PORTB & 0b00001111;
//start to compare
§f (inputl == 15 )
{output=13;
PORTD=output;

PORTAbits.RA0=0b0; //send : high to set encoder "TE transmitt™®

DelaylOO0TCYx (0);
DelaylOOTCYx(0) ;
PORTAbits.RAO=0bl; //disable the transimtter
}
else{for (1i=0;i<4;i++) {
if (PORTAbits.RAl==1) //if any data recieved
{inputl=PORTB & 0b00001111;
//start to compare
if (input0 == 15 )
{
output=13;
PORTD=output;
PORTAbits.RAO0=0b0; //send 1 high to set encoder "TE
transmitt"”
DelaylQ0TCYx(Q);
Delayl00TCYx(0);
PORTAbits.RAO=0bl; //disable the transimtter
card2 ()}
}
}if (i==4) {while (1)
{//set alarm circuit
PORTAbits.RA2=0bl;}
P}
else
{for(i=0;i<4;i++)
{if ( PORTAbits.RA1)//RAl connected to
{ inputl=PORTB & 0b00001111;
//start to compare
it (Fnputl == 13) {eard2();}
}
while (1)
{//set alarm circuit
PORTAbits.RA2=0b1;}}}

vT

j
l
|
|
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the whole process) , the PIC will recognize that data received by checking the VT pin from th
q e . pin from the
decoder at which this pin will be 1 if there any correct action on the receiver, in other words if the
receiver received code from the correct address (mothers card address) the VT will be 1 , the PIC
el,the

then compare the received code to that one stored in side the PIC (1111) .if the two codes are

matched then the PIC prepares the code that sons card will transmit (1011) then enable the encoder

 toreceive this data and send it through transmitter (this enabling done by sending 0 to TE pin in

the encoder since its active low pin), then call for delay function from delays.h library which gives
the encoder some time to completely prepare data for transmitting. After the delay completes, the
encoder will be disabled by sending 1 to TE pin in the encoder so that the transmitter will not send
more data until the PIC order that. After this, previous process will be restarted. If the two codes
are not matched the card will wait four times before starting the alarm. If it receives correct code
through these four times the process will restart if not after finishing 4 times the alarm will be

activated by the PIC.

If the PIC from the start doesn't receive (means VT pins hadn't been active "1") any data

the program will be transferred to the last else statements at which will wait four times to receive

any data if there is no data received the alarm system will be activated
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Chapter Six

Implementation and Testing

: 6.1 Preface:

In this chapter we are going to show the implementation and testing processes for our
system. System testing is an important and crucial step in implementing any system. This system

has more than one issue to be tested, however some testing parts reflect software and others reflect

hardware.

After testing each component and each subsystem that makes up this project, the
implementation process is done and will take many testing to ensure that there are no errors. This

implementation process will be done using different components and tools as it will be discussed

later in this charter.

6.2 Implementation:

This section illustrates the implementation of bo

using prototype model in which two cards were built wi

are PIC, transmitter with its encoder, Teceiver with its decod

th cards system. We implement the system by

th both have symmetrical components that

er and buzzer as an alarm system.




The mother card was buil
t an 1 ;
d a signal with 5 4-bit identification code is sent by the

) i ; compared with a stored 4-bi
son’s card. According to co stored 4-bit cod at the
g mparison process, both codes were match and the alarm system didn’t
stem didn

We tried another - :
enal v " ; case as shown in fig. 6.1 in which the mother card sent a signal, but that
signal was not received by the son’s card, because we kept it away from the mother card. Because

there was no specific signal received, the alarm was activated at both the son’s and mother card

Fig. 6.1 Mother card

However, project was implemented successfully through those two cases where the alarm

system once activated and once didn’t.
We will implement these two cards prototype mode

This implementation process was done by using the followin

| in the following days using wire rapping tool.

g tools and components:

° Connectors with different colors.

a




o IC stands.
o 10%*20 cm bread board.

o All the ICs that are depicted in the design chapter (see chapter 4)

o Wrapper tool for wrapping the connectors on the ICs stands.

o A wire grabber and a wire cutter.

6.3 Testing:

This section demonstrates methods and procedures used to test separately each project

components, each subsystem in order to examine the whole system operation and behavior.

6.3.1 Project components testing:

was tested. And those major

In this section we show how each component in the project

components are:

Transmitter

Receiver
PIC 18F4520 microcontroller

L TN

Buzzer




= Transmitter Testing:

We made use of multi- .
channel] oscilloscope to get the waveform for the transmitted signal

from the transmltter. So we connected RT4-433 9 transmitter with the HT-12E encoder as shown

below in fig. 6.2. We specified the address of the transmitter and receiver to be the same through

the 8-bit address lines at encoding /decoding chips. Putting pin 4 of the transmitter connected to
the antenna.

We tumed on the Transmitter circuit through its TE pin. The output of the data pins

depends on whether the signal being transmitted with four bit data. The signal itself can be seen by

attaching the oscilloscope to pin 17 of the encoder. The waveform below was taken from

transmitter test out tests.




3+

Fig. 6.3: RT4-433 9 Transmitter data signal.

= Receiver Testing:

As we did with the transmitter, we made use of multi-channel oscilloscope to get the
waveform for the received signal at the receiver. So we connected the RR3-433.9 receiver with the
HT-12D decoder as shown below in Fig. 6.4. Putting pin 3 of the receiver connected to the

antenna.

er circuit.

Fig. 6.4 RR3-433.9 receiver with decod
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2 ing transmitted. The si :
sigral belTi e he signal itself can be seen by attaching the oscilloscope to pin 17 of the
encoder. The waveform below was taken from receiver test, this signal shows how the decoding

circuit checks the incoming address in order to specify accepting or rejecting data, here the sent
address was 00000000. ,

TRV L5DC o -

SR e Sl '

Fig. 6.5 RR3-433.9-Receiver address signal.

= PIC 18F4520 testing:

We tested PIC 18F4520 trough its ability to download programs. And to get the newly code
into 18F4520 we used a WinPIC800 programmer that we referred previously at chapter 5 with a
PIC Pocket Programmer (PP-Prog) circuit that has a chip slot where we put PIC 18F4520. PP-
Prog is a PIC programmer for program PIC Microcontroller devices via PC parallel port which
supports different software such as WinPic800. There are two indicators LED and PCB, One for

Power supply and one for programming in progress. Fig. 6.6 shows the complete assemb_ly of this

hardware programmer.
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Fig. 6.7: PPC-Prog schematic
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= How to use with WinPic80¢:

Ml i B | Hawedware Settings |

3 . 17¢ Baes tcpgn
| 0D Pregranmer &
Hicrodyou 4 Biockede configuotion e
{Microdyou 8377 ‘ S Uze Yppz
Fahlin Srmn s GAN Use ad
ParaProg UsB-23z T use Use Beir ¥
ﬁf’:oo State - Nara = Bit - Rddr - Iny~ Default TEST
. |PicBurner w0 Ees e
~ [Polivalente @  Daraln [ ¥ &
- [BR2 @ cwex it R
& - Vpy 5 = ¥ T
vepz - [5 -] gt
@ vdd iz~ = T e
@  Meiricspls i K
- Cancel f Apply edavs

This circuit compatible with propic2 hardware so it was selected .Then we select all check box like

the above picture and click Apply edits

Fig. 6.8 How to use with winPic800

Adaptor 1evdc

Fig. 6.9 How to use PP-Prog
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Fig. 6.10 programming PIC18F4520 through PP-Prog and Winpic800 software program

The following testing code is used to flash leds ON and OFF on ports D that works as an

output port for the circuit shown in figure 6.11.

finclude<pl8£4520.h>
#include<delays.h>
ipragma config OSC = INTIO67

fpragma config MCLRE = ON
#pragma config WDT = OFF//no Watchdog, no low voltage programming

fpragma config LVP = OFF
#Pragma config PBADEN = OFF// to turn of ADc
Void main ()
W ht o ;
TRISD=0b00000000;
While (1)
{for (a=0;a<10000; ++a)
{PORTDbits.RD1=1;

104




, pORTDbits.RD2=1;

. pORTDbits.RD3=1;
b

r (a=0;a<10000; ++a)
. (PORTDbits.RD1=0;
~ PORTDbits.RD2=0;
~ PORTDbits.RD3=0;
_,}//end for loop

: }}//end while

Fig 6.11 PIC18f4520 testing

REF
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= Buzzer testing:

that has two edges and a transi :
stor. The transistor collector is connected to the buzzer with high
: 18

—————

voltage (+5v), the other ed : ,

?i? d ge of the buzzer is connected to ground (Ov), the transistor emitter i
connected to ground, and th . e > r emitter is
e transistor base is given a high voltage. As a result the buzzer is

activated giving a good clear sound. Fig 6.12 shows buzzer testi
sting,

Fig 6.12: Buzzer testing

6.3.2 Project subsystems testing:

with the receiver testing. As referred previously
gh an RF signal. This code was

Transmitter testing was done synchronized

ansmitter circuit was used to transmit digital code throu
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axpected 10 be received at receiver circuit. We tested com
m
stages as illustrated below:

» First stage:

At the first stage we tested one transmitter and one receiver at a single circuit performing

one card, the transmitter was used to transmit a 4-bit digital code and this code was expected to

be received by the receiver housed in the same circuit. This circuit was built over a breadboard

as shown in fig. 6.13

RT4-433 transmitter was connected to HT-12E encoder while RR3 receiver was connected
to HT-12D decoder which intem was connected to four leds through its D8-D11 pins. We gave this
encoder a specific 8-bit digital address that was (11111110) through A0-A7 pins. This address is
compatible with the decoder address. We gave a 4-bit digital code that was (1111) trough pins
(AD8-ADI11) as Data to be sent, this data code was expected to be received at RR3-433 receiver
and then decoded by HT-12D decoder. Our receiver circuit received this code and though all leds
through D0-D3 turned on. This circuit had been tested many times to emphasize better results,

each time with a different 4-bit digital code.

Fig 6.13 testing transmitter with 1ts compatible receiver
ig 6.
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» Second stage:

At this stage we build two circuits simplifying two cards. Each circuit had same
components as in first stage. In first stage, encoder at the first circuit was given a special 8-bit -
address that was (OOOOOOOO) and was combatable with decoder address at the second circuit,

also TE pin should have 0 value to enable the transmission process, where as encoder in second

ccard should be disabled (with high value 1) this done with second card when it transmits.

Transmitter at the first circuit was used to transmit a special 4-bit digital code that was (1111),
and this code was received at receiver at the second circuit and though turns all leds on based.
Encoder at the second circuit was given a specific address (11111111) which was combatable
with receiver decodér at first circuit. Second transmitter was used to transmit a different 4-bit
digital code that was (0101), and this code was received at receiver in the first circuit and
though turns the second and the four leds on. Both circuits had been tested many times to

emphasize better results, each time with a different 4-bit digital code. This circuit was built

over a breadboard as shown in fig. 6.14




Fig 6.14 two communication circuits

6.3.3 Integrated system testing:

As we tested project major components and subsystems that make up this project, now we

ems together to perform the whole system testing. The project

ards systems that have the same components

are ready to connect all these subsyst
Integrated system simply contains two symmetric ¢

and subsystems. Both have a communication subsystem that consi .
r. alarm system that has a simple buzzer with its transistor

sts of a transmitter with its

encoder and a receiver with its decode

and the microcontroller that is PIC 18£4520 which controls all operations.




-

the first ioh i
We tested the first card which simplifies the mother card in isolation from the other card that

simplifies the son’s card. We connected RT4-433 transmitter with HT-12E encoder. We gave thi
£ : AY 1S

encoder a specific 8-bit digital address that was (1111111 1) through A0-A7 pins. The 4-bit code to

be transmitted came from the specified PIC output port that was port D and that code had a value
1111. That code was expected to be received at the son’s card and performs the comparison
operation at the microcontroller of the son’s card. The mother card now waits for a signal to be
received from the son’s card through its RR3 receiver. We connected that RR3 receiver with HT-
12D decoder. We gave that receiver a specific address that was 00000000 through A0-A7. Data
expected to be received was decoded by decoder and act as input to the microcontroller through its

input port B.

Since there was only one card system there was no signal received at the mother card
receiver. So there was no specific input code received at port B of the PIC and the comparison
operation was failed, so the alarm system was activated and the buzzer gave a continuous sound.

Fig. 6.15 below shows the mother card system with a led connected the transistor base to indicate

that the buzzer is activated and works on.

vated at the first card

Fig 6.15 Alarm acti
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The same steps performed in testing the mother card. Were use

and gave good results.

Fig. 6.16 Data to be transmitted at the first card

d in testing the son’s card
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Chapter Seven

Conclusion & Future Work

7.1 Preface:

This chapter describes and gives a complete look over the entire project from the
beginning; produced problems faced the implementation, so those who will upgrade and develop

this idea can avoid these problems. It also provides suggestions that could be useful for

developing the idea in future.

7.2Conclusion:

If we go back to our subject and reevaluate the full discussion in details the following

notes can be seen:

The project is a wireless communication system between two or more plastic cards to be

used in security and safety of kids and valuables. The project is depending on a special system

having a microcontroller, transmitter, receiver and alarm. They are arranged in a way to be
sensitive in giving what is needed from. In the mean time it is still in need for more trials and

developments.

od knowledge we got in this subject, the many new things we

We should point out the g0 !
and related items which a

‘ame to know about microcontroller
SS components.

11 gave us more professional and

Practical ideas especially in using le




Our estimation to't.he~b
: enefit :
e Secm_ity - Z and success of this project can be considered of good
. bes 0T goo
ide that the sophisticated instruments ca :r value
me through the

implementation of the proje i
project systems like signal transmission and al
arm system gave us new

understanding in this field.

. . . 5 5 . .

to better instruments for the sake of good and peaceful life for all

7.3 Problems:

The problems we faced during this year have two phases hardware and software

problems and the sections below illustrate them.

7.3.1 Hardware Problems:

ost difficult problem was the waiting for components

92, and RR3-433.92) to be available. This late extended

semester to the second month on the current semester.

e The first and the m
(PIC18f4520, RT4-433.

from last month of the first
er and receiver circuit for both cards, there were

o When start testing the transmitt
received or transmitted ¢

orrectly between the related transmitter and

no data
ot working correctly.

receiver. Also the tWo circuits were It
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should have ize
. small size, that sound should be loud enough to be heard from a
distance and has the fewest number of components

One of th \ ;
e Oneofthe PIC18F4520 has broken leg, because of putting on the PIC on the base

and removing it many times, and this base js very hard to the PIC.
Also one of the problems , connecting wrong wires in the wrong places , such as
swapping the high and low voltage to the circuit, or providing high voltage or

current that the circuit cannot work with it and in some times damaged the

component.

7.3.2 Software Problems:

e Since that each PIC should have programmer so that PIC could be programmed,

there was only one PIC programmer for 5 graduation groups.

e The unavailability of this device caused a great latency in microcontroller

programming which was the most important operation in system testing and

implementation.

o Programming PIC 184520 at first was difficult not in using C-programming
se of the considerations that we must study to configure

language, but becau
that the person achieves it by

PIC18f4520 to woik correctly and others
g this PIC. So during writing and running the programs

experience in programmin |
: ced some problems that the program doesn't work as

on the microcontroller we fa

the project needed to be working.
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74 ¥ uture:-Work & developing suggestions:

The S}}stem could be appl; :
: : pplied with more cards a]] communicate with one master card
so mother with two or more sons can uge this system ,

The system can have more than one alarm system the user can choose between them,

when alarm caused it may: call certain number e.g. police number, or add vibration

system.

Provide the ability to reprogram the system through removal serial port with
computer. So the user can program the system according to the distance he wants, also

the number of cards used and can program many other features like the type of alarm

used.

It also gives the user ability to change the alarm sound, used by using more than one

card will recognize the alarm from which card came.

The project could be updated by connecting to it LCD so the user can read the status

of the system at any moment.

technologies in communication like using the Bluetooth
e

cate with cell phones, SO if the
the system call directly to her phone and with

the system will specify the exact location of

System can use modern
technology that makes it to comumunt

situation such as mother loses her son
th internet or satellites

re is any emergency

some cooperation Wi

the son.
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PIC1 8F2420125201442014520

==

1.0 DEVICE OVERVIEW
s document contains device specific informati

.g; following devices: oy

. PIC18F2420

. PIC18F2520

« PIC{8LF2420
» PIC18LF2520
. pIC18F4420 - PIC18LF4420
. PIC18F4520 « PIC18LF4520

Tnis famiy offers the advantages of all PIC18 micro-
controliers — namely, .high computational performance
4 an economical price — with the addition of high-
endurance, Enhanced Fiash program memory. On top
of these features, the PIC18F2420/2520/4420/4520
family intreduces design enhancements that make
these microcontroliers a logical choice for many high-
performance, power sensitive applications.

44 New Core Features

1.4.1 nanoWatt TECHNOLOGY

Al of the devices in the PIC18F2420/2520/4420/4520

family incorporate a range of features that can signifi-

cantly reduce power consumption during operation.

Key items include:

. Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator

. block, power consumption during code execution

can be reduced by as much as 90%.

Multiple Idle Modes: The controller can also run

with its CPU core disabled but the peripherals still

active. In these states, power consumption can be

reduced even further, to as little as 4% of normal

operation requirements.

On-the-fly Mode Switching: The power

managed modes are invoked by user code during

operation, allowing the user to incorporate power-

saving ideas into their application’s software

design.

Low Consumption in Key Modules: The

power requirements for both Timer1 and the

Watchdog Timer are minimized. See

Section 26.0 “Electrical Characteristics”

for values.

31B-page 7
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2 MULTIPLE OSCILLATOR OPTIONS

AND FEATURES

All of th ices i

«‘am’ﬂfyﬂ;e“fe\:lm lp the PIC18F2420/2520/4420/4520

ol iier ien different oscillator options, zllowing

% 'S & wide range of choices in developing application
ardware. These include: 3 G

* Four Crystal medes, usir ! mi
resonairz,fs €s, using crystals or ceramic
le :1; Et):{em;a! Clocknm?dgs, offering the option of

g iwo pins (oscillator input and a divide-by-4

clock out;?ut) or one pin {oscillator input, with the
second pin reassigned as general IO}

. T}No E)_(temal RC Oscillator modes with the same
pin options as the External Clock modes

* An intemal oscillator block which provides an
8 MHz clock and an INTRC source (approxi-
mately 31 kHz), as well as a range of 6 user
selectable clock frequencies, between 125 kHz to
4 MHz, for a total of 8 clock frequencies. This
option frees the two oscillztor pins for use as
additional general purpose I/O.

= A Phase Lock Loop (PLL) frequency multiplier,
available to both the high-speed crystal and inter-
nal oscillator mades, which allows clock speeds of
up to 40 MHz. Used with the internal oscillator, the
PLL gives users a complete selection of clock
speeds, from 31 kHz to 32 MHz —all without using
an extemnal crystal or clock circuit.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

« Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a refer-
ence signal provided by the internal oscillator. If a
clock failure occurs, the controller is switched to
the internal oscillator block, allowing for continued
low-speed operation or a safe application

shutdown.
Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Slegp
mode, until the primary clock source is available.

92007 Microchip Technology Inc-
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=

12 other Special Features

ylemory Endurance: The Enhanced Flash cells
0 . rogram memory and data EEPROM are
rated o jast for many thousands of erase/write
-upto 100,000 for program memory and
?000 000 for EEPROM. Data retention without

'fres'h is conservatively estimated to be greater

han 40 years: :
3 s°|f.programmability: These devices can write

o their own program memory spaces under inter-
al sofware control, By using a bootloader rou-
fine located in the protected Boot Block at the top

rogram memory, it becomes possible to create
an application that can update itself in the field.
gxtended Instruction Set: The PIC18F2420/
2520/4420/4520 family introduces an optional
extension to the PIC18 instruction set, which adds
g new instructions and an Indexed Addressing
mode. This extension, enabled as a device con-
figuration option, has been specifically designed
fo optimize re-entrant application code originally
developed in high-level languages, such as C.
Enhanced CCP module: [n PWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include Auto-Shutdown, for dis-
abling PWM outputs on interrupt or other select
conditions and Auto-Restart, to reactivate outputs
once the condition has cleared.

Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
automatic baud rate detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the USART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
~ power requirement).
10-bit A/ID Converter: This module incorporates
programmable acquisition time, allowing for a
?ﬂgnnel {o be selected and a conversion to be
 inltiated without waiting for a sampling period and
thus, reduce code overhead.
Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing an extended time-out range that is stable
gcm-?s operating voltage and temperature. See
tiectu)n 26.0 “Electrical Characteristics” for
Me-out periods,

e

1.3 i
Details on Individual Family

Members

Device

availabTelni;hezplq 8F2420/2520/4420/4520 family are
e lﬁ;ptl‘r;mand 40/44-pin packages. Block
and Figure 1.2 groups are shown‘ in Figure 1-1
The device

s are di :
ways: sy e_d'ffe'emlated from gach other in five

1. Flash pro
gram memory (16 Kbytes i
PIC18F2420/4420 devic e o
PIC18F2520/4520). A

2. A/D channels (10 fo i i
r 28-pin d
40/44-pin devices). L B

3. I/O'pt.:rts (3 bidirectional ports on 28-pin devices,
5 bidirectional ports on 40/44-pin devices).

4. CCP 'and Enhanced CCP implementation
(28-pin devices have 2 standard CCP mod-
ules, 40/44-pin devices have one standard CCP
module and one ECCP module).

5. Parallel Slave Port (present only on 40/44-pin
devices). ' i

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and
Table 1-3. '

Like all Microchip PIC18 devices, members of the
PIC18F2420/2520/4420/4520 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an “F" in the part number (such as PIC18F2420),
accommodate an operating VDD range of 4.2V to 5.5V.
Low-voltage parts, designated by “LF" (such as
PIC18LF2420), function over an extended VDD range

of 2.0V to 5.5V.

© 2007 Microchip Technology Inc.
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/
-apLE1-1: _ DEVICE FEATURES
Features PIC18
| _——— F2420 PIC18F2520 PIC18F442
/—- —
operaling Frequency . DC ~ 40 MHz e 0 PIC18F4520
/’_— o z 24
orogram Memory (Bytes) 16384 oh DC - 40 MHz DC - 40 MHz
"am Memory 8192 = 16384 32768
(Instructions)._ 8192 16384
psaemor (8112 75 1536 =
EEPROM Memory (Bytes) 256 ‘ 1536
pata 258 o —
et Sources 19 = -~ =
- Ports A, B, C, (E
%9':%{-5—_—- 4 ¥ = A'f' = PortsA.B,C, D, E PortsA,B,C, D, E
mi
4
CapurelComparelPWM Modules 2 - 1 :
|Capturem 2T
Enhanced 0 0
chfure/comparelPWM Modules 1 1
Serial Communications . MSSsP, MSSP, VsSSP, T
, Enhageed USARY, Enhanced USART Enhanced USART Enhanced USART
parallel Communications (PSP) No No Yes Yos
10-bit Analog-to-Digital Module 10 Input Channels 10 Input Channels 13 Input Channels 13 Input Channels
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, - RESET Instruction, RESET Instruction, RESET Instruction,
Stack Full, Stack Stack Full, Stack Stack Full, Stack Stack Full, Stack
Underflow (PWRT, OST), | Underflow (PWRT, OST), | Underflow (PWRT, OST), | Underflow (PWRT, OST),
MCLR (optional), WDT | MCLR (optional), WDT | MCLR (optional), WDT | MCLR (optional), WDT
Programmable Yes Yes Yes Yes
HighlLow-Voltage Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions; 75 Instructions; 75 Instructions; 75 Instructions;
) 83 with Extended 83 with Extended 83 with Extended 83 with Extended
Instruction Set enabled | Instruction Setenabled | Instruction Set enabled | Instruction Set enabled
40-pin PDIP
28-pin PDIP 28-pin PDIP 40-pin PDIP
Er 28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN
28-pin QFN 28-pin QFN 44-pin TQFP 44-pin TQFP
DS39631B-page 9
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/
1-2: PIC18F4420/4520 4
FIGURE (40/44-PIN) BLOCK DiaGRAN
=6 Ponter<21>] | €= Data Bus<s>
i PORTA
—ddec logic 1] RAO/ANO
z I RA1/AN1 .
RA2/AN2/VREF-/CVREF
21 RA/ANAVREF+
[FCUTPCHTPer] AN
PCU | PCH [ PCL AN4/SSHLVDIN/C20UT
Program Counter J 0SC2/CLKOYRAE
— 0SC1/CLKIRYRAT
\ : [__31levelStack | PORTB
Address Latch i RBO/INTO/FLTO/AN12 .
Memory [ STKPIR |« —>1X] RBY/INT1/AN10
(1332 Kbytes) —=1X| RB2/INT2/AN8
RB3/ANs/ccp2(?
4—1X| RB4/KBIO/AN11
—{X| RB5/KBI1/PGM s
J H—=X] RBE/KBI2/PGC
,i.) J_ RB7/KBI3/PGD
g . ROM Latch PORTC |
Instruction Bus <16> RCO/T10SO/T13CKI l
RC1/T10sICCP2 ‘
RC2/CCP1/P1A 1
RC3/SCK/SCL " ;
RC4/SDI/SDA ;
RC5/SDO '
|
State machine RC6/TX/CK !
Dlgig‘rjig“:r?d > control signals RC7/RX/DT ] |
Control |
PORTD
RDO/PSP0:RD4/PSP4
RDS/PSP5/P18
RD6/PSPE/P1C
RD7/PSP7/P1D
0sc16® D—» A';t;"";?gr Power-up
Timer
Block
() [— H Oscillator
gaez INTRC Start-up Timer|
Oscillator Power-on
T108I E}—b Resst ‘ s
8 MHz &S
X—> Watchdog REO/RD/ANS .
T10S0 Osclllator Timer — ngi % oA o SE;J %VS-F;/AA,?;;
e Brown-0 Band Gap
WCIR® [Xl~—{|Single-Supply Reset Reference MGLRIVPPIRES®
Progtammlltn Fall-Safe )
Voo, Vs (Rl | posananr Clock Monitor
Timer3
BOR Data I Timerd Timer2
Timer0 ime
HLVD EEPROM ?
+ * ADC
EUSART 10-bit
Comparator ECCP1 CCP2 :
2MX Is not set.
1o bit COP2MX s set, o RE2 psnicer tal /O, :
Note 1: CCP2is multiplexed with RC1 when cor.iﬁgulll: e s when these pins 218 not being used as digital 0.
il ey atale e YD il m?cm\’/’z‘\;ab{e in select oscillaltor Lnodss an
: LKO are only 8 n for additional In -
: ggfg':{glélglcfﬂﬂuozic‘%gclnator Configurations” 0

DS39631B-page 11
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pIC1 8F2420/2520/4420/452

 — ; e ——
1-2: PIC18F2420/2520 PINOUT I/0 DESCRI
%- Pin Number B ZIIONS
in | Buffer
in Name PDIP,
P soic | @FN Type| Type Description
Z=RIVPPIRE3 1 26 Master i = .
G | o7 | Gl i tes ey
input. This pin i ive-
: . Reset to the device, P IS pin is an active-low
VPP : Programming voltage input,
RE3 | ST Digital input, P
/_-—
05CH/CLKI/RAT o 6 it Oscillator crystal or external clock input,
0SC1 Oscillator crystal input or external clock source input. -
STh - i
e uffer when configured in RC mode; CMOS otherwise.
CLKI MOS Extefnal clock source input. Always associated with pin
fu_nct;on OSC1. (See related OSC1/CLKI, 0SC2/CLKO
. pins.
RAT /0 | TTL General purpose I/0 pin.
We 10 7 Oscillator crystal or clock output.
05C2 o = Oscillator crystal output. Connects to crystal or
i resonator in Crystal Oscillator mode.
CLKO (0] — In RC mode, OSC2 pin outputs CLKO which has 1/4 the
i frequency of OSC1 and denotes the instruction cycle rate.
RAG ' /0 | TTL General purpose /0 pin. ] -
Legend: TTL= TTL compatible input : CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0 = Output P = Power 2

Note 1: Default assignment for CCP2 when configuration bit QCPZMX is _set.
2: Altemate assignment for CCP2 when configuration bit CCP2MX is cleared.

© 2007 Microchip Technology Inc.
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0i18F2420/2520/4420/45

PIC18F44§9/45205|NOUT 110 DESCRIPTIONS
. ‘ in Number Pin | Buffer
e PRIP | QFN | TQFP | Type | Type Description
( : ! 4 18 | ST Master Clear (input) or programming voltage (input).
! Master Clear (Reset) input. This pin is an active-low
i . ‘F:leset to the device,
VP . rogramming voltage input.
A e | ST Digital input. g
S R 13 ok f
OSCHCLKIRAT 2] 321 30 l Oscillator crystal or external clock input,
0SC ST Oscillator crystal input or exteral clock source input.
ST buffer when configured in RC mode:;
analog otherwise,
CLKI I |CMOS E.xiemal clock source input, Always associated with
pin function OSC1. (See related OSC1/CLKI,
0OSC2/CLKO pins.)
RAT /0 | TTL General purpose I/O pin.
ms 14 33 31 Oscillator crystal or clock output.
0SC2 o - Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode. }
CLKO (0] — In RC mode, OSC2 pin outputs CLKO which !
has 1/4 the frequency of OSC1 and denotes ‘
the instruction cycle rate. ;
n /O | TTL | General purpose I/O pin. i
Legend: TTL= TTL compatible input v CMOS = CMOS compatible input or output |
ST = Schmitt Trigger input with CMOS levels | g :;TPUt
3 P = Power

0 Output

. ) . ., . t
1: Default assignment for CCP2 when configuration bit QCPZMX is set.
o 7« Mamate :;?g;‘m‘srr:s:m 1oy CCP?2 when configuration bit CCP2MX is cleared.

s p Technology Inc.
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PIC1 8F2420l2520/4420/4520

P
. PIC18F4420/452
wts”_ : 0 PINOUT 1/0 DESCRIPTION
Pin Number EEETE S (CONTINUED)
i PDIP n | Buffer
QFN | TQFP | Type Type

i - LA Description
RAOIANO 2 19 19 PORTAs 2 bidirectional I/0 port.

RAO ' /o e

ANO D | JTE | Digial o,

Analog|  Analog input 0

RAT/ANT 3 [ 20} 20 : j

i ‘ vo | Mt | Digtalio.

Analog|  Analog input 1

RAZ[ANZNREF-/CVREF 4 21 21 ’

mf_ Vo | TTL | Digtalto.

e | |/anelog|  Analog input 2.

CVREF o 2""3’09 A/D reference voltage (low) input.

aleg| Comparator reference voltage output.

RA3/ANSVREF+ 5 221807

RA3 f{e] TTL Digital I/O.

AN?_+ I |Analog| Anzloginput 3.

VREF I |Analog| AJ/D reference voltage (high) input.
RA4ITOCKI/C1OUT 8 23 23

RA4 ‘ o ST Digital I/0.

TOCKI I ST Timer0 external clock input.

ciouT o) — Comparator 1 output.
RASAN/SSHLVDIN/ | 7 | 24 | 24
C20UT

RA5 yo | TTL | Digital VO.

AN4 I |Analog| Analoginputs.

SS | TTL SPI slave select input.

HLVDIN i |Analog| High/Low-Voitage Detectinput.

C20UT (] — Comparator 2 output.
RAS See the OSC2/CLKO/RAS pin.
RA7 See the OSC1/CLKI/RAT pin.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
P = Power

O = Ouiput

Note 1: Defauit assignment for CCP2 when config r
2: Altemate assignment for CCP2 when configuration

uration bit CCP2MX is set.
bit CCP2MX is cleared.

' pS39631B-page 17
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5iC18F2420/2520/4420/452

i

. PIC18F4420/4520 PINOUT I/0 p
: ES
P Numbar | PP SCRIPTIONS (coNTinuED)

pin Name PDIP [ QFN [TQF
P
Type | Type Description

P e
ORTB is a bidirectional I/0 port. PORTB can be

;]°m:fe programmed for internal weak pull-ups on all

GUNTOFLTOANTZ | 33 | 9 | 8

RB% I/:D TTL Digital I/0.

T ST External interrupt 0.

e | ST PWM Fault input for Enhanced CCP1

i) I [Analog Analog input 12, .

Lo 1o | TTL Digital 1/0.,

NTH I ST External interrupt 1.

ANO I |Analog| Analog input 10. ‘
cBINT2IANS 35 11 10

R0 /o | TTL Digital 1/0.

INT2 , I ST External interrupt 2. ‘

ANS | |Analog| Analog input 8. |
RB3/AN9/CCP2 36 12 11 ‘

RB3 /o  TTL Digital I/O. ‘1
ANO : | [Analog| Analog input9. l
I/0 ST Capture 2 input/Compare 2 output/PWM 2 output. |
|
|

ccp2!
RB4/KBIO/AN11 37 14 14 ; :
RB4 1o | TTL Digital I/O. ‘
KBI0 , : | TTL Interrupt-on-change pin.
AN11 | {Analog| Analoginput11.
RB5/KBI1/PGM 38 15 15
RBS Wo | TTL Digital /0.
KBl | TTL Interrupt-on-change pin. ,
PGM /o | ST Low-Voltage ICSP™ Programming enable pin.
RBB/KBI2/PGC 39 16 16
RB6 . yo | TTL | Digital l/O.
KBI2 ] TTL Interrupt-on-change pin. 3
PGC I{e} ST In-Circuit Debugger and ICSP programming
) clock pin. 5
RB7/KBI3/PGD 17 P e ; .
RB7 = i jo | TTL Digital I/O. ; :
KBI3 | TTL | Interrupt-on-change Pin. .
PGD I{e] ST In-Circuit Debugger and ICSP programming
data pin. b =
M: TTL= TTL compatible input TR oo |CM§S I P”
ST = Schmitt Trigger input with CMOS levels. L : ;gwer
0 =
Output CP2MX s set :

configuration bit C

n configuration bit CCP2MX is cleared.

Note 1: Default assignment for CCP2 when
2: Altemate assignment for CCP2 whe

\\ © 2007 Microchip Technology Inc.
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PIC18F24
\20/3520/4420/4520

e
TABLE 1-3: PIC18F4420/4520 PINOUT I/O DESCRIp
pin Name BloNumper Pin | Buff TIONS (CONTINUED)
PDIP | QFN [TQF 8%
| QFP | Type | Type B Description
RCOT10SO/1 3cKl | 15 | 34 | 32 PORTC is a bidirectional 110 port,
RCO
T1080 VO | ST | Digtal o,
T43CKI | ST _]T_'mer1 oscillator output,
RGIT! OSIICCP2 16 35 o imer1/Timer3 external clock input.
RC1 110
T108! | Cl\%s Digital /0.
ccp2? ok = gmeﬂ oscillator input.
RG2ICCPAIPIA 47 38 e apture 2 input/Compare 2 output/PWM 2 output
28}2,1 ' o o Digil 0. :
apture 1 input/Compare 1 output/P
mA 0 = Enhanced CCP1 outgut. e
RC3/SCK/SCL 18 37 37
§§,3< /o | ST | Digital /0.
/O ST g)*;r;gmronzus serial clock input/output for
mode.
SCL o | ST Synchronous serial clock input/output for PC™ mode.
RC4/SDI/SDA 23 42 42
RC4 /o | ST | Digitall/O.
SDI 1 ST SPI data in.
SDA _ O ST IC data /0.
RC5/SDO - 24 43 43
RC5 [e} ST Digital /0.
SDO (0] — SPI data out.
RCE/TX/CK 25 44 44
RC6 1} ST Digital 1/0.
X (0] —_ EUSART asynchronous transmit.
cK | 1o ST EUSART synchronous clock (see related RX/DT).
RC7/RX/DT 26 1 1
RC7 110 ST Digital I/O. d
RX : I ST EUSART asynchronous receive.
DT. /O ST EUSART synchronous data (see related TX/CK).
— tibl ut or output
Legend: TTL= TTL compatlble 1nput CMOS = I?:SS compatible inp p

nn

ST = Schmitt Trigger input with CMOS levels L Iipt

O = Output g
Note 1: Default assignment for CCP2 when configuration bit CCZ%DAS_I)\(A )Ifnzecleared
2: Alternate assignment for CCP2 when configuration bit C

DS39631B-page 19
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A e X

| F 47

8P ol G AN GINRRA 6y NESCRIpT
se IONS (¢
S (CONTINYER
)

P|c18F2420/2520/4420/4520

/—'—f BES Su.
. PIC18F4420/452
ABLE 1% 0/4520 PINOUT 1/0 DESCRIPTIONS
Pin Number | pi- [mo] (CONTINUED)
pin Name PDIP | GFN | TQFP Ty"" Buffer
/ pe | Type Description
PO —
Po: IPDSE)af b'c."recm”?al I/0 port or a Paralle| Slave
‘ 5 is enabled, Input buffers when PSP module
. [apoPSPO 38 | 38
RDO : o | ST | Dig :
gital 1/0
PSPO /O | TTL | Parallel Si
| Slavi
RD1IPSP1 20 39 39 e Port data,
gital 1/0.
PsP1 O | TTL | Parallel Slave Port data,
cDoPSP2 21 | 40 | 40
RD2 o | ST | Digitall/o
PSP2 /O | TTL | Parallel Slave Port data.
RD3/PSP3 22 41 41 :
RD3 /o | ST | Digitallio,
PsP3 /O | TTL | Parallel Slave Port data.
RD4/PSP4 27 2 2 &
RD4 /0 ST Digital 1/O.
PSP4 /o | TIL Parallel Slave Port data.
RD5/PSP5/P1B 28 3 3
RD5 /o | sT Digital I/O.
PSP5 Vo | TTL Parallel Slave Port data.
P1B : (0] — Enhanced CCP1 output.
RDB/PSPE/P1C 29 4 4
RD6 /o | ST Digital I/O.
PSP6 /o | TTL Parallel Slave Port data.
P1C (o] — Enhanced CCP1 output.
RD7/PSP7/P1D 30 5 5
RD7 o | ST Digital I/O.
PSP7 o | TTL Parallel Slave Port data.
P1D o} — Enhanced CCP1 output.
Legend: TTL= TTL compatible input CMOS i CM?S compatible Input or au(put
ST = Schmitt Trigger input with CMOS levels I £ Inpu
0 = Output = Power

Note 1: i Uration bit CCP2MX s set.
Default assignment for CCP2 when config O COP2MX i e

2 Altemate assignment for CCP2 when configuratio

© 2007 Microchip Technology Inc.
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PLC_18':\MZ(’£520/442()/4520

2,
3. HS High-Speed Crystal/Resonator
4

: HSPLL High-Speed Crystal/Resonator
with PLL enabled

RC External Resistor/Capacitor with
Fosc/4 output on RA6

6. RCIO External Resistor/Capacitor with I/O
on RA6 s

7. INTIO1 Intemnal Oscillator with Fosc/4 output
on RAB and I/O on RA7

g, INTIO2 Internal Oscillator with I/O on RA6
and RA7

9, EC External Clock with FOsc/4 output

10. ECIO  External Clock with I/O on RA8

22  Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HSPLL Oscillator modes, a crystal or

ceramic resonator is connected to the OSC1 and

0SC2 pins to establish oscillation. Figure 2-1 shows

the pin connections.

The oscillator design requires the use of a parallel cut

crystal.

Note:: - Use ofa series cut crystal may give a fre-
quency out of the crystal ‘m,an_uf,?pt,urer's

specifications. :

e
0 OSCILLATOR
. CONFIGURATIONS FIGURE 2-1: CRYSTAL/CERAMIC
2 RESONATOR
ator T OPERATION
g4  Oscillator Types (XT, LP, HS OR HSPLL
pIG18F242012520/4420/4520 devices oan be operated ——— CONFIGURATION)
inten different oscillator modes. The user can program cﬂ 0sc1
ne configuration bits, FOSC3:FOSCQO, in Configuration ;
Register 1H to select one of these ten modes: i LA
4, LP Low-Power Crystal L EXTAL SR\ / Logirgal
xT  Crystal/Resonator y @ Ll o
Rs(?) , Ep
c2 T osen PIC18FXXXX

Note . Sea ab'e 2"1 and = initi
ablB 2-2fol |
1 ; rinitial values of

2; A series resistor (Rs) may be required for AT
strip cut crystals. ¢

3: RFvaries with the oscillator mode chosen.

TABLE 2-1: CAPACITOR SELECTION FOR

CERAMIC RESONATORS
Typical Capacitor Values Used:
Mode Freq 0sc1 0SsC2
XT 3.58 MHz 15 pF 15 pF
4,19 MHz 15 pF 15 pF
4 MHz 30 pF 30 pF
4 MHz 50 pF. 50 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VoD and temperature range for the application.

See the notes following Table 2-2 for additional

information.

When. using resonators with- frequencies
above 3.5 MHz, the use of HS mode,
rather than XT mode, i recommended.
" 'HS mode may be used at any Vob for
which the controller is rated. If HS is

selected, it is possible that the gain of the

oscillator will _overdrive the resonator.

i i Id be

Therefore, @ Series. resistor .shou
. placed between the 0sc2 pin and the
" resonator. As 2 good starting point, the

~ Note:

ded value of RS is 3309,

DS39631B-page 23
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JIC18F2420/2520/4420/45¢

==

2:2: CAPACITOR SELECTION FOR
fhBLE 'CRYSTAL OSCILLATOR
g — i Typical Capacitor Values
Crystal .. Tested:
0scTYP®|  Freq
. C1 C2
L% 32 kHz 30 pF 30 pF
4MHz | 15pF 15 pF
L amHz 15 pF 15 pF
25 MHz Ok 2k
mvalues are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Difierent capacitor values may be required to produce
acceptable oscillator operation. The user should test
o performance of the oscillator over the expected
|vop and temperature range for the application.

ges the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz -
25 MHz 10 MHz
1 MHz 20 MHz

 Note 1: Higher capacitance increases the stability
“ - . of the oscillator but also jinqrease;',tr;‘e

i startup time. . i

2" When operating below 3V VDD, or when

" using certain ceramic resonators -at any

\voltage, it may be necessary to use the

'HS mode or switch to a crystal oscillator.

3:'Since each resonator/crystal has its own

<" characteristics, the user should consult

" the resonator/crystal manufacturer - for

‘appropriate -~ values- -of - external
HComponents. I Lt

. 4 Rs may be required to avoid overdriving

. “erystals with low drive level specification:

- % Always verify oscillator performance over
" the VoD and temperature range that IS
—____expected for the application. .

FIGURE 2.2
RE 2-2: EXTERNAL CLOCK INPUT
OPERATION (HS 0SC

———— CONFIGURATION)

Clock from _DO—~>
it . PIC18FXXXX

Open <—— 0sce  (HS Mods)

2.3  External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

lr! the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode.

EXTERNAL CLOCK
INPUT OPERATION
(EC CONFIGURATION)

Clock from —Do——> 0OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4<——{ OSC2/CLKO

FIGURE 2-3:

The ECIO Oscillator mode functions like the EC mode,

ept that the OSC2 pin becomes an additional gen-
e O pin. The 1/O pin becomes bit 6 of

| purpose I/ :
Ie;gR!l)'A ’ZRAS). Figure 2-4 shows ’thc_a pin connections
for the ECIO Oscillator mode.

EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)

FIGURE 2-4:

Clock from OSCH/CLKI
[o]%
Ext. System PIC18FXXXX

1/0 (0SC2)

RAB

]
9631B'Dage 24
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High Reliability
L DIL Package

CUIT SCHEMATIC

General description

The RT4-Xxx

realize a complet
circuit,

is an hybrid circuit that allows to
¢ radio transmitter adding a coding

{t sl}ows stable electric characteristics thanks to the
Thick film hybrid" technology.

XXX : working frequency (315, 418, 433.92 MHz)

I-ETS 300 220 Compliance (RT4-433.92-IETS)

Applications

Wireless security systems
Car Alarm systems
Remote gate controls
Sensor reporting
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