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ABSTRACT

Nowadays, portable automatic intruder system has become very popular
among security system. Body detector is a valuable technology tool that can be used
to perform Alarm System Using Body Detector. Alarm system by using a body
detector is an application for the smart alarm system because it relies only with the
existence of electrical field that surrounds the human body. This alarm system
adopts advanced RF oscillators matched with reliable software technology and
advanced hardware circuitry. It integrates capacitance detection, network search, and
automatic voice alarm. This system mainly uses capacitance detector, body intruding
detection to transmit alarming signal to main unit. When signal is received, it
processes it immediately, and then main unit will automatically give an alarm by the
designed code. The idea behind this project is to solve the problem of traditional
security method by using a non-portable alarm system due to excessive data transfer
and complex hardware circuitry. Body detector security system makes all services
that relate to information simpler, safer, cheaper and portable. In this project, a
Microcontroller PIC16F877 will be used as an actuator of the system that will control
the output system through a programming system. The system will be developed to
control the system flow such as register data, delete data, and creating program flow
to produce the output depends on the activation of body detector hardware circuitry.
The PIC16F877 microcontroller will analyze and process the data and if the data has
been registered in the system, the security application will work such as triggering

the buzzer and LED.
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ABSTRAK

Pada masa kini, sistem sekuriti yang boleh di bawa ke mana-mana menjadi
semakin popular dan telah berkembang luas dalam sistem keselamatan. Body
Detector merupakan satu teknologi yang amat berguna dan sesuai untuk
membangunkan Alarm System Using Body Detector. Alarm System Using Body
Detector merupakan sistem sekuriti yang efisien dan cekap kerana hanya
menggunakan aruhan elektrik semulajadi yang terdapat persekitaran badan manusia.
Sistem sekuriti ini mengadaptasikan osilasi frekuensi radio yang dipadankan dengan
teknologi perisian dan perkakasan litar yang hebat. Sistem ini melibatkan
pengenalpastian kapasitan, pencarian rangkaian, dan sistem bunyi automatik. Sistem
ini juga menggunakan keutamaan di dalam pengenalpastian kapasitan, pengenal
pastian pencerobohan dan untuk menghantar signal kepada unit utama. Apabila
signal diterima, ianya akan diproses serta merta dan unit utama secara automatik
akan mengeluarkan bunyi yang bergantung kepada sistem kod yang direka khas bagi
melengkapkan projek ini. Idea di sebalik projek ini adalah untuk merungkaikan
masalah yang berlaku kepada sistem sekuriti sebelum ini dimana sistem sekuriti yang
lama tidak mampu untuk dibawa ke mana-mana kerana penghantaran data berlebihan
memerlukan punca volt yang tinggi dan litar yang kompleks. Body Detector
memudahkan semua servis yang berkaitan dengan kemudahan, keselamatan, dan
kemurahan. Di dalam projek ini, microcontroller PIC 16F877 digunakan untuk
mengawal sistem atur keluaran melalui sistem program. Microcontroller PIC 16F877
akan menganalisa dan memproses data dan sekiranya data telah didaftarkan di dalam

sistem, maka aplikasi sistem akan berfungsi dan mengaktitkan LED dan penggera.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Alarm system implies an emergency procedure that should be carried out
while body detector is a device that can detect the existence of human body for a
certain wide range of area. Alarm system by using a body detector is an application
for the smart alarm system because it relies only with the existence of electrical field
that surrounds the human body. Safety alarms are used widely nowadays in order to
gain safety and precautions for communities and individuals. In new construction,
wireless systems may be more economical but it is still on high cost and need experts
to develop due to its complexity. This alarm system adopts advanced RF oscillators
matched with reliable software technology and advanced hardware circuitry. It
integrates capacitance detection, network search, and automatic voice alarm. The
reliable components combination from resistance, capacitance, and digital coding
technology are also used. This system mainly uses capacitance detector, body
intruding detection to transmit alarming signal to main unit. When signal is received,
it processes it immediately, and then main unit will automatically give an alarm by

the designed code.

Every living human body is surrounded by an electric field, which may
potentially be detected at a few meters’ distance. Even if this can only be detected at
a distance of a few centimeters (as opposed to millimeters), the applications are
legion. The phenomenon of capacitance is entirely dependent on the existence of

electric fields. If, therefore, a human body should approach the positive plate of a



capacitor, the body’s electric field will cause the value of the capacitor to rise. In the
Body Detector circuit, this is detected by means of an RC (resistance-capacitance)
oscillator. As the value of C rises, so the frequency of the oscillator drops. All that
remains is to detect this drop in frequency to obtain some interesting results. While in
theory its operation is dependent on the electric field which surrounds the human
body, in effect it would seem that an invisible field surrounds the sensor — somewhat
like the “invisible” defense shields. It would appear, therefore, that as a human hand

(for instance) enters this invisible field, an alarm is triggered.

In this final project, the main objective is to create a system that would detect
human body existence using body detector. Body detector using alarm system is a
very valuable technology tool since there is no use of any giant padlock, heavy chain
or security guard service anymore in the system. The other objective is to develop
portable alarm system application by enhancing the designation of hardware and
software. Alarm system using Body Detector offers strategic advantages for security
dependence because the input stored in the capacitance detection circuit through the
microcontroller can be protected against undesired accessed trigger and any

manipulation.

This is really important to make sure the area is safe and to avoid strangers
from gain access in the area. In this project Alarm System Using Body Detector
provide an effective security system by having a sensor that is completely vandal-
proof and tamper-proof. One could not come near it with a pair of clippers or a
similar instrument because it is immune to alternating current (ac) fields and it will
also detect body presence on the other side of variety of materials including the

insulators.

Generally, the system will consist of a body detector as an input sensor, a
PIC16F877 microcontroller that performs as a serial interface to accomplish effective
surveillance application and a circuitry of the alarm system applications. The body
detector contains an astable oscillator (ICla) and a non-retrigerable monostable
(IC1b). The PIC16F877 circuitry consists of power supply, frequency gain, and

programmer function as drivers for communication interface. While the alarm system



made from only passive elements such as capacitors, inductors, resistors, LEDs and

buzzer that will performed when access is denied.

Body Detector works based on a system that relies on capacitance value
surrounding human body and PIC16F877 microcontroller acts as an activator of the
body detector input and PicBasic programming creates the flows of the whole
operation of alarm application. In security field, Alarm System Using Body Detector
will be more secured than the other personal alarm system. It offers varieties of
convenience such as it can be a portable alarm system, can demand varies of distance

of body detector could function and does not require any maintenance.

This final project is divided into 3 main sections:-
(1) Electronic design consists of Body Detector circuitry, PIC16F877
microcontroller design and alarm security system application.
(2) Develop Software to verify the input and activate the flows of alarm
applications.

(3) Mechanical design consists of body detector casing model.

1.2  OBJECTIVES

1.2.1 To create a system that would detect human body existence using body

detector.

Current security application requires human for manual surveillance either
using CCTV or depend on security guards. Body detector has the potential to
eliminate human intervention. The advantages of develop a body detector alarm
system is reduce labor costs, reduced costs, fewer errors and increased the building

simplicity security.



1.2.2 To develop portable alarm system application by enhancing the

designation of hardware and software.

Modern alarm system does not have the ability to perform in a state of
portable. With body detector, the application can be portable and we able to have it
functioned everywhere we desired. This is because body detector can be operates in

many modes.

1.2.3 To develop a system that can verify and activate the flows of alarm

system application using PIC16F877 microcontroller.

The PIC16F877 CPU is optimized for low power consumption and high
performance operation at bus frequencies up to 4 MHz. In many applications, the
PIC16F877 provides a single chip solution with mask programmed ROM or user-
programmable EPROM. By implementing PIC16F877, body detector act as an input
to microcontroller while the microcontroller act as an activator for the sequence and

flows of the alarm system applications.

1.3 SCOPE OF PROJECT

The scopes that need to be proposed for this project are:

1.3.1 To develop a system that could detect the existence of human the range
between 1 < cm? < 30.
1.3.2 To create the application of alarm system body detector and integrate the

system by using PIC16F877 microcontroller.



1.4

PROBLEM STATEMENT

This project is focusing on the detection of human body existence and the creation in

the application of alarm system. Yet, there are lots of problems with the previous

alarm system.

1.

Technologies produced alarm system that would probably be intelligent, but
the capital to undergo the constructions is still on high cost and need experts
to develop. But for alarm system using body detector, the only capital for
undergo the construction is fully depends on the electrical fields around
human body. By this means, body detector will functioned only with the
existence of human body. Body detector circuitry is simple (consists of

resistance capacitance elements) and low cost.

RFID, Bluetooth and wireless alarm system are not able enough to be
portable kit and could not bring the alarm everywhere. By using body
detector, sensor (example, metal sensor sheet of tin foil), this element could
be a portable sensor and the sensitivity to trigger the body detection is high.
By this means, elements in body detector can be adopted to be portable alarm

system applications. It could be an alarm everywhere we desired.

The previous body detector circuitry have very high sensitivity for
temperature rising. It is satisfactorily functioned in the temperature between
10°C - 25°C. But for this new development of body detector, it will function

satisfactorily in the temperature between 20°C to 35°C.



1.5 THESIS OVERVIEW

This Alarm System Using Body Detector final thesis is a combination of 6
chapters that contains and elaborates specific topics such as the Introduction,
Literature Review, Methodology, Hardware Design, Software Design, Result,

Discussion, Conclusion and Further Development that can be applied in this project.

Chapter 1 basically is an introduction of the project. In this chapter, the main
idea about the background and objectives of the project will be discussed. The full
design and basic concept of the project will be focused in this chapter. The overview
of the entire project also will be discussed in this chapter to show proper

development of the project.

Chapter 2 will be discussed about the literature reviews of this project based

on journals and other references.

Chapter 3 will be focused on methodologies for the development of alarm
system body detector. This includes the future project development that can be added

in this project.

Chapter 4 will be focused on hardware design of the Alarm System using
Body Detector. This chapter included three main sections. The first section will be
focused on the circuitry on body detector, while the second section will be stressed
on the microcontroller design which is about the PIC16F877 design. The other
section is about the implementation of applications design. In electronics design, we

will discuss about fabricating the body detector and microcontroller board.



Chapter 5 will be discussed about the software development of the
PIC16F877 microcontroller board. In this section, software development such as
software compiler, software design will be discussed further. The difference
between ordinary Microcontroller and PIC family microcontroller also will be

described in this chapter.

Chapter 6 discusses all the results obtained and the limitation of the project.
All discussions are concentrating on the result and performance of Alarm System
Using Body Detector. This chapter also discusses the problem and the

recommendation for this project.

Chapter 7 discusses the conclusion and further development of the project.
This chapter also discusses about complexity of integrating new technology to
develop a complete working system and overall alarm system using body detector for

the future development.



CHAPTER 2

LITERATURE REVIEW

2.1 An Overview

A human body detector comprising: a capacitance-type sensor that a human
body contacts or approaches, the capacitance-type sensor including a sensor
resonance circuit and a wave detector circuit; detection means for receiving an output
of the capacitance-type sensor, and distinguishing between the human body from a
raindrop and detecting only the human body based on a change in the output within a
predetermined time, the detection means including a band-pass filter, the band-pass
filter including a differentiator, a high-pass filter and a comparator; and wherein the
sensor resonance circuit has a sensor electrode supplied with a constant frequency
voltage and outputs a resonance voltage integrated the constant frequency voltage
with respect to a capacitance of an object that contacts to the sensor electrode, the
wave detector circuit outputs a wave detection voltage obtained through wave
detection and conversion of the resonance voltage, and the differentiator
differentiates the wave detection voltage with respect to time to acquire the changing

rate.

In a human body detector, a wave-detection circuit for detecting waves of a
resonance voltage is connected to a sensor resonance circuit that varies a constant
frequency voltage in accordance with a change in the capacitance of a sensor
electrode. The wave-detection circuit is connected to a differentiator that acquires a
changing rate by differentiating the wave-detection voltage with respect to time, and

allows a voltage to pass if the changing rate of the voltage is greater than or equal to



a predetermined value. The differentiator is connected to a high-pass filter that
allows passage of a voltage whose changing rate is greater than or equal to a second
predetermined value. The high-pass filter is connected to a comparator whose non-
inversion input terminal is connected to a power source that applies there to a

reference voltage.

While alarm system (Figure 2.1) is a sound or visual signal which indicates
an error condition. The terms alarm and alert are often used synonymously. It is a
sudden fear caused by the realization of danger and usually gives warning of existing
or approaching danger. For an electrical, electronic, or mechanical device that serves
to warn of danger by means of a sound or signal, the sounding mechanism of an
alarm clock is applied. In alarm system using body detector, it seems that this will be
the best and possible applications. This could include safety switch (which would
render an entire area a safety zone, this could shut down dangerous machinery, or
child-proof certain areas), a touch sensor (trigger the alarm when items is touched),

and also a tamper alarm.

Figure 2.1: Alarm system applications
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A microcontroller (unC) is a computer-on-a-chip. It is a type of
microprocessor emphasizing high integration, low power consumption, self-
sufficiency and cost-effectiveness. It is a highly integrated chip that contains all the
components comprising a controller. Typically this includes a CPU, RAM, some
form of ROM, I/O ports, and timers. Unlike a general-purpose computer, which also
includes all of these components, a microcontroller is designed for a very specific
task -- to control a particular system. As a result, the parts can be simplified and
reduced, which cuts down on production costs. Microcontrollers are sometimes
called embedded microcontrollers, which just mean that they are part of an
embedded system -- that is, one part of a larger device or system. Microcontroller
will be the output from body detector and will be programmed with specific
assembly language. Thus the operation of application is fully depending with the

instruction programming.

2.2 Body Detector

Body Detector is a device that functioned by detecting human body existence
which is in the area of body detector located. Body detector is detected by means of
RC oscillator. Body detector relies on the fact that the human body itself possessed a
fairly large order of capacitance to the ground (earth) and that if such a body
approaches the positive plate of a given capacitor, its value will rise. Then, one could
find a means to detect such an increase in capacitance, one means of detecting the
presence of a human body. Electronic oscillators are often designed around an LC
tank circuit, a tuned circuit formed with an inductor and a capacitor. But use of an
inductor is not a requirement. Instead, the tuned circuit can be built using just
resistors and capacitors. Such an oscillator is referred to as an RC oscillator. In the
body detector circuit described here, this is detected by means of an RC (resistance-
capacitance) oscillator. As the value of C rises, so the frequency of the oscillator
drops. All that remains is to detect this drop in frequency to obtain some very

interesting results.
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Due to its high sensitivity and good stability, the body detector may be
attached to a wide variety of metal objects (in the process sensitizing the entire object
concerned. Although body detector is dependant on the electric field which
surrounds the human body, in effect it acts as though an invisible field were created
around the object concerned. From practical point of view, the sensor may include
any object from size of a pin to 30kg in weight. However, the greater the weight
metal sensor, the less the sensitivity of the circuit, the more critical the tuning and the
more it becomes susceptible to temperature variations especially. If attached to
lighter metal objects (sheet of tin foils), the body detector may be tuned to detect a
person presence up to 50 cm away. At several centimeters’ distance, the circuit is
sufficiently stable to avoid spurious triggering over a wide temperature range.
Modern proximity sensor will seldom detect a human body at more than a few
millimeters’ distance. Besides, the fact that some applications do not need a greater
range because it is difficult to achieve greater range sensitivity with any reliability. In
order to achieve greater range, Alarm System Using Body Detector need to

overcome these challenges:

1) Environmental variations which affect the stability of the circuit.
The bodies electrical is describe as extremely weak, and the
body’s capacitance at a small distance from a sensor is typically
measured in fractions of a pico Farad. Therefore, the circuit need
exceedingly sensitive.

1) To find a means of reliably picking up small shifts in frequency as
a body approaches, and to incorporate these in the circuit in a

user-friendly way.

One of the advantages of the body detector is that the sensor is potentially
completely vandal-proof and temper-proof. This means we could not come near it
with a pair of clippers or similar instruments, let alone fingers. It is immune a.c.
fields and it will also detect body presence on the other side of a variety of materials

including insulators.
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The body detector will work satisfactorily over a wide range of conditions.
But my project which is Alarm System Using Body Detector is designed to perform

to its best potential under the following circumstances:

1i1) Over a modest temperature range ( 20°C to 35°C)
1v) Using relatively lightweight sensor — up to a kilogram (ideal)
V) Over longer periods (days at a time rather than minutes or hour)

vi) Multiple applications which require the unit or sensor to be moved

2.3 PIC 16F877 microcontroller

2.3.1 An Overview

The PIC (Programmable Interface Controller) line of microcontrollers was
originally developed by the semiconductor division of General Instruments Inc
(Figure 2.2). The first PIC’s were a major improvement over existing microcontroller
because they were a programmable, high output current, input/output controller built
around a RISC (Reduced Instruction Set Code) architecture. The first PICs ran
efficiently at one instruction per internal clock cycle, and the clock cycle was derived
from the oscillator divided by 4. Early PICs could run with a high oscillator
frequency of 20 MHz. This made them relatively fast for an 8-bit microcontroller,
but their main feature was 20 mA of source and sink current capability on each I/O
(Input/Output) pin. Typical micros of the time were advertising high I/O currents of
only 1 milliampere (mA) source and 1.6 mA sink.
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Figure 2.2: PIC microconrollers

PIC16F8X provides the EEPROM and flash. They have all the features of the
base 14-bit core group which are interrupts, 13 I/O, one 8-bit timer, 0.5k or 1k of
code space as EEPROM or flash and 36 or 68 bytes of RAM. Unique to these
devices is the 64 bytes of EEPROM data memory. This data will stay even when
power is removed so it’s great for storing calibration or variable data to be used when
the program starts again. They are very handy for development because they can be
programmed over and over again without ever leaving the circuit while 16F87X have
flash program memory so they can be reprogrammed over and over again. They are
built to be identical to the 16C7X family with some data memory and program
memory updates. They offer 22 to 33 I/O, three timers and up to 8k of program
memory. They have all the special functions the 16C6X and 16C7X parts have as
mentioned earlier. All the projects in this book will be built around the 16F876
because it is flash reprogrammable, has A/D, and has all the other PIC features. It
also offers the option to build a bootloader inside. A bootloader allows you to

program the part from a serial port without any special programmer circuitry.
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2.3.2 PIC16F877 microcontroller implementation

Regarding this project, several reviews were made. One of the researches
made is about the brain of the Alarm System using Body Detector which is PIC
16F877 microcontroller. PIC 16F877 is general purpose microprocessor which has
additional parts that allow them to control external devices. Basically, a

microcontroller executes a user program which is loaded in its program memory.

The reason for using PIC 16F877 (Figure 2.3) is because of the general
purpose microprocessor which has additional parts that allow them to control
external devices. Basically, a microcontroller executes a user program which is

loaded in its program memory.

Figure 2.3: PIC16F877 microcontroller development board
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Instead of using the MC68HCI11 or Intel 8051 microcontroller, PIC 16F877

type of microcontroller architecture is distinctively minimalist. PIC microcontroller

is the name for the microchip microcontroller (MCU) family, consisting of a

microprocessor, I/O ports, timer (s) and other internal, integrated hardware. It is

characterized by the following features:

(1)
(i1)
(iii)

(iv)

v)

(vi)
(vii)

Separate code and data spaces.

A small number of fixed length instructions.

Most instructions are single cycle execution (4 clock cycles), with
single delay cycles upon branches and skips.

All RAM locations function as registers as both source and/or
destination of math and other functions.

A hardware stack for storing return addresses.

Data space mapped CPU, port, and peripheral registers.

The program counter is also mapped into the data space and writable

(this is used to synthesize indirect jumps).

Unlike most other CPUs, there is no distinction between "memory" and

"register" space because the ram serves the job of both memory and registers, and the

ram is usually just referred to as the register file or simply as the registers. PIC

microcontrollers have a very small set of instructions (only 35 instruction), leading

some to consider them as RISC devices, however many salient features of RISC

CPU's are not reflected in the PIC architecture. For examples:

(1)

(ii)

It does not have load-store architecture, as memory is directly
referenced in arithmetic and logic operations.
It has a singleton working register, whereas most modern

architectures have significantly more.



16

2.3.3 PIC 16F877 Bootloaders

Bootloader is a utility which reads a program from a communication channel
writes it to program/data memory and executes it. It therefore allows the possibility
for programs to be updated or changed at a later date without requiring special
programming hardware. The implementation of a bootloader for a Microchip PIC
processor (16F877), however, the same procedure could be applied to many other
type of processors. Before any coding starts, we should first think about how things
are going to be positioned in program memory. Since the bootloader needs control
after reset, it will mean that it will need to use the reset vector. Since we want to
make it easy to build bootloader compatible programs, it is best if the bootloader is
positioned entirely at the start of memory, or, all at the end of memory. On mid-
range PIC's, the regular interrupt vector is located at address 0x4. If the bootloader
was going to be positioned entirely at the start of memory, it would then have to
redirect the interrupt vector to the downloaded program. Since this would add
complexity to the code and latency to the vector, we have decided to position the
bootloader at the end of memory. We will still need the reset vector, however, so this

will mean shifting the downloaded program's reset vector elsewhere.

As shown in Figure A 2.4, typically the reset vector contains instructions to
jump into the main program. Because the bootloader needs the reset vector, we
therefore must move the downloaded program's reset vector elsewhere. Figure B 2.4
shows how the reset vector now points to the bootloader code and the downloaded

program's reset vector will be positioned to an address just before the bootloader.

How it works:

i)  On reset the bootloader will take control and prompt the user to send a hex
file. It will wait here (with count down) for a configurable number of

seconds.
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ii) If no hex file is sent, the bootloader will assume that no update is required
and it will jump to the redirected reset vector which in turn will run the
previously downloaded program. If no program has ever been downloaded,
the redirected reset vector will simply contain a jump to the beginning of the

bootloader and the whole process will start again.

iii) If a HEX file is sent to the bootloader within the count down period, it will
start interpreting the data and writing it to program memory. The bootloader
will look for addresses less than 0x4 (reset vector) and will instead write this
elsewhere. It will also ignore addresses conflicting with those used by the

bootloader, thus protecting it from being overwritten.

PIC16F877 Program Memory Maps

RESET VECTOR 0000h RESET VECTOR 0000h
INTERRUPT VECTOR, 0004h INTERRUPT VECTOR, 0004h

LUSER CODE USER CODE

1FO0h REDIRECTED RESET [l 1Fo0h —
BOOT LOADER
1FFFh 1FFFh

Figure A: A typical program memory map Fi?‘:iirue_:. ﬁ;eﬂbpér;gllglargen:?:;?gﬁergap

Figure 2.4: PIC 16F877 Botloaders



2.3.4 Memory Organization

There are three memory blocks in each of the PIC16F87X MCUs. The
Program Memory and Data Memory (Figure 2.5) have separate buses so that
concurrent access can occur. The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory space. The PIC16F877/876
devices have 8K x 14 words of FLASH program memory, and the PIC16F873/874
devices have 4K x 14. Accessing a location above the physically implemented

address will cause a wraparound. The RESET vector is at 0000h and the interrupt

vector is at 0004h.

PC=12:0=
CALL, RETUEN | 13
RETFIE, RETLW | =
/
Stack Level 1
Stack Level 2
-
L ]
-
Stack Level 8
RESET Vector 0000h
.
- ke I':
L ]
Intermupt Vector o004h
oo0sh
Page 0
0TFFh
0BO0O0R
e 1
On-Chip Fag .
Program <, OEEFR
Memory ! 1000h
Page 2
17FFh
1800h
Page 3
1FFFh

Figure 2.5: PIC 16F877 Memory Maps
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The data memory is partitioned into multiple banks which contain the
General Purpose Registers and the Special Function Registers (Figure 2.6). Bits RP1
(STATUS<6>) and RPO (STATUS<5>) are the bank select bits. Each bank extends
up to 7Fh (128 bytes). The lower locations of each bank are reserved for the Special
Function Registers. Above the Special Function Registers are General Purpose
Registers, implemented as static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special Function Registers from one bank
may be mirrored in another bank for code reduction and quicker access. The register

file can be accessed either directly or indirectly through the File Select Register

(FSR).
File
Adess oS Adrees Adess
Ingiract agdr.| oan Indrectader'!| gon | Indrectader™!| 100n | Indirect ader ™! | qacn
THRD oin OFTION_REZ| Ein THRD itin [ OPTION REZ| 1ath
PCL ozn PCL E2n FCL 102n FCL 182h
STATUS 03h STATUS E3h STATUS 103N STATUS 1320
== i) FSR Bdn FER 104 FSR 184h
PORTA | D&n TRIGA ESh 150 185h
PCRIE | D&h TRISE E&h PORTE 10en TRISE 136h
PORTC | O7h TRISC ETh 107 187h
poRTOIN | 08n TRISCA! | B2n 10&n 18ER
PORTEN | O9n TRIZE! | E3n 1Can 185h
PCLATH | 0an FCLATH | Ban PCLATH | 10#h BCLATH | 134h
INTCON | DBn INTCON | BEn INTCON | 10ER INTCON [ 13BR
PIR1 OCh FIE1 ECh EECATA | 10Ch EECON1 | 18cCh
PIRZ och PIE2 EDh EEADR | 100N EECOMZ | 1apn
TMRIL 0En PCON EER E=DaTH | 10ER Reserved™® | 13Eh
TWRIH | OFh EFh EEADRH | 1CFh Reserved= | 13Fn
TICON | 100 &0n 11an 130k
THFZ 11h SEPCONZ | Bin 111h 131k
TICON | 1 PR 52h 112h 1azh
SSEEUF | 130 SSRAD0 | E3n 113h 1330
SSPCON | 14 SEPSTAT | odn 112h 134
CCPRIL | 15 S| 115h 135h
CCPRIH 1Gn SEn 115h 136h
CCAICON_| 17 &7h FSFI'F?H?E 17 Senerd | yamn
RCSTA | 180 THETA 5En Regier | 113N Regster | 1380
TEREG | 190 SPERG | oan 15Bytes | 1130 16Eyms | 138h
RCREG 14n oah 114h 19ANK
CCPR2L | 18n SEN 118h 13Bh
CCPRIH | 1Ch 5Ch 1Ch 13ch
CCP2CCN | 10h 80ih 11Ch 130n
| ADRESH | 1En ADRESL | sen 11Eh 13ER
ADCoMD | TFT ADCONT | SFR 11Fh 13Fn
2 AR 120n 1ADN
s e S s
Fiagisiar Fiagisiar Feglster Riegister
o5 Bytec 0 Bytes e=n 30 Eytes = UL —.
acoegses | TN acemszes | 1700 e
70R-TFR TOM-TFh 0n-7Fn
TFh FFn 17Fh 1FFh
Sank 0 gank 1 Bank 2 Bank 3
O Unimplemented data memiry laeationes, read as 0.
" Nata nl‘j'BCE 'Egsbe'.
Mota 1: These reqishars ane not Implemented on e FIC1SFETE.
2 These 'eglsbem are resanied, manian hees reglE:—rs Cear.

Figure 2.6: PIC 16F877 Register File Map



CHAPTER 3

METHODOLOGY

3.1 BLOCK DIGARAM

3.1.1 BLOCK DIAGRAM OF BODY DETECTOR

Figure 3.1 shows the block diagram of body detector system for this project.
At the heart of the Body Detector is a versatile mixer which will detect frequency
variations within a small fraction of one percent. While the mixer is deceptively
simple, it has a high degree of accuracy as well as flexibility. It starts with sensor
detection by the capacitance around human body, thus activate the body detector.
This version of body detector only used two detection sections and also requires no
special optimization for the sensor and may be easily adjusted to almost any sensor
of one’s choosing. The block diagram is based on astable oscillator (IC1a) and a non-
retrigerable monostable (IC1b) that operates in tendem. Nearly all of the components
surrounding IC1 have the same temperature coefficients. Both astable oscillator and
the non-retrigerable monostable are housed in the same package (IC1), which means
that any warming or cooling of the devices affects both sub-circuits more or less

equally. Thus, environmental variations are largely cancelled out.
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SENSOR 1

NEGATIVE PULSE
AT SWITCH ON

'

e

Sensor HFO LFO
v v
1
— Binary Mixer
Bergl};rgark Binary Mixer Y
Frequency
Compensation

SOO0L

Monostable
and relay

Body detector block diagram

Figure 3.1: Block Diagram of the Body Detector System

3.1.1.1 Sensor

At the block diagram of the system, sensor will be the input to the main

system. The sensor which put at the body detector will detect any existence of

capacitance human body around the body detector in certain distance. Any metal

sensor will do and the sensitivity will be different to each metals. When we set the

sensor to be a sheet of tin foil (light sensor), the sensitivity to trigger the body

detection is high.
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3.1.1.2 Body Detector Circuit

After received the signals form sensor that capacitance is detected, it will
trigger the binary mixer and monostable timer. If then a body comes near, the
frequency of CMOS dual timer will drop, and therefore monostable timer will go
“high” for duration fractionally shorter than the period of astable. The output of
CMOS dual timer is fed to the trigger input of another CMOS dual timer. Therefore
astable triggers monostable CMOS dual timer.

3.1.2 BLOCK DIAGRAM OF PIC 16F877 MICROCONTROLLER

All the system in this project is controlled by PIC 16F877. This project is
using two module of microcontroller board, one for the receiving part of the input
from body detector and the other one for transmitting output and displaying part.
There are five main parts remaining in microcontroller. There are power circuit, reset

circuit, clock circuit and programmer module.

3.1.2.1 PIC 17F877 PIN ASSIGNMENT

In Alarm System Using Body Detector, the pin used in PIC 16F877 (Figure
3.2) are mainly at PORTB which include pb0, pbl, pb2, and pb3. While for the
voltage supply I used pinll and pin32 and for ground I used pinl2 and pin31. For
clock input, I used OSCI1 and OSC2 (pinl3 and pinl4).
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1\—-} 40 [] =+—= RBE7

30 [] -—a REE
38 ] -—= RBS
a7 ] =—= RB4
36 ] =-—e HB3
a5 [] a—e= RB2
34 [] --—e RE1

MCLRVep —— [
RADAND —a—e[]
RATANT =-—e ]

RAZANZNVAEF = [
RANANIVREF i []
RAJTOCK] a—s []
RASIANASS =—e= [

o o= o bW R

REO/RD/ANS =—s=[] 2 ] =— REOINT
RE1WR/ANG =—= [] g E az [ -=— voo
RE2/CS/ANT =—s=[] 10 q?l 3 -— Vss
Voo —= [] 11 o 30 [] -—= RO7/PSET
Vss — [ 12 =~ 20[J=—= rD&PSPE
OSCHUCLKIN —a=[] 13 &  28[]=— RDSPSPS
OSCZICLKOUT a——1[] 14 =] 27 [] -#+—= RD4/PSP4
RCOMIOSOTICK! -—e ] 15 g 26 [] - RCTRNDT
RCUTIOSICCPZ w—a[] 16 =] 26 [] -—= RCBTXICK
RCZICCPT == ] 17 - 24 [J e RCSSDO
RCUSCKISCL --—e ] 18 23 [] =—s RC4SDISDA
ROOPSPD e—a [] 19 22 [ w—e= RD3PSP3
RO1/PSP1 -—a= ] 20 21 [] w— RDZPSP2

Figure 3.2: Pin Assignment PIC 16F877

3.1.2.2 PIC 16F877 Block Diagram

In PIC 16F877, there are two types of features which are the core features and
the peripheral features. The core features of PIC 16F877 can be seen at Figure 3.3
(upper part). For core features of PICI6F877, it includes only 35 single word
instructions to learn, could operate speed at DC - 20 MHz clock input DC - 200 ns
instruction cycle. It also has up to 8K x 14 words of FLASH Program Memory, 368
x 8 bytes of Data Memory (RAM) and 256 x 8 bytes of EEPROM Data Memory and
the interrupt capability (up to 14 sources). Same with other processors, PIC16F877
also have direct, indirect and relative addressing modes. Programmable code
protection and Watchdog Timer (WDT) with its own on-chip RC oscillator for
reliable operation is available on this microcontroller. It is able to select the oscillator
options and have low power, high speed CMOS FLASH/EEPROM technology. With
wide operating voltage range: 2.0V to 5.5V the processor could read/write access to

program memory. While for the peripheral features of PIC 16F877 can be seen at
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Figure 3.3 (lower part). This includes the timer which is Timer(: 8-bit timer/counter
with 8-bit prescaler, Timerl: 16-bit timer/counter with prescaler, can be incremented
during SLEEP via external crystal/clock and Timer2: 8-bit timer/counter with 8-bit
period register, prescaler and postscaler. It also have two Capture (16-bit, max.
resolution is 12.5 ns) , Compare (16-bit, max. resolution is 200 ns), and PWM
modules (max. resolution is 10-bit). Lastly, it includes 10-bit multi-channel Analog-

to-Digital converter.

Bk : 8192 words
368 Bytes PROGRAM
MEMORY

33 Pins .,

@ 16F877A

4 Modes

QSCILLATOR

Extemal O - s0fdHz

Analogue
Comparator

$h

Caplure

WM

S

PSP Slave
Port

(2 bit Rd"Wr'CEn)

Figure 3.3: PIC 16F877 Block Diagram



25

3.1.2.3 PIC 16F877 ELECTRONIC DESIGN

For this system, PIC 16F877 will act as the controller for the alarm system
application. The output from Body Detector (relay activation) will give input to the
microcontroller then it will control the output to the alarm system application
especially at the indicators such as buzzer which is the part that will make the alarm
ringing. When the input is given, the microcontroller will act as what it has been
programmed for. Using the microcontroller it will control the speed and direction of
the indicator as desired. The connection of the Operation Mode Connection of PIC

16F877 Line system is shown at Figure 3.4

GRRR + GRRRRERR  +
MEEE 5 MAAABAA G
Dailz Y DA12345 Y
|Tl“l..... |Tl AN N NN ]
7T8LAS 1 J
™ 'u'inﬂk-'nut
+ay b=
(i)
4 =t C4
"™ 18uF
=% 3 P16F8B77Y
— 1 48
18uF z EEEREEE e
=t Ch =t C5 T B0l RES ==
"= 1uF "™ 1uF g RAZ RE3 gg
E{raa RE2[ %
i res RE1LZZ
RE@ RES
13 RE1 +5VY 3f
13{ rEZ @nD [ Z1
By +5V RD7
. i% GND RDE gg
15{os1 rps £
12052 roa [ EF
IZlrca Ro7 28
15{RE1 ROe [E2
i REZ REE
ZAMH= ] EBS Egg Tz
.—|D|—' 28 | pp1 Rpz 21
X1
T C1
12pF
CZ2—
12pF
* *
LB N & 4 L| |“l NN l*| L N ] & 4 ]
BRERERRERER ERRRERERERRT BRERERERER
MCCCCCCCCS MODLDDDDDS MEEEEEEEES
PB1Z23456 7Y DE123456 7Y CBL1Z23456 7Y

Figure 3.4: Operation Mode Connection of PIC 16F877
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3.1.3 BLOCK DIAGRAM OF ALARM SYSTEM

Figure 3.5 shows the block diagram of the system for this project. It starts
with sensor detection by the capacitance around human body, thus activate the body
detector. Two binary mixers are each based on half of a CMOS dual binary counter.
These mix a signal form high frequency oscillator (HFO) with a benchmark
frequency. Both oscillators are based on dual timer integrated circuit and both are
tuned to the same frequency around 100kHz. The output (relay activation) from the
body detector will be integrated with microcontroller type. Thus, the designed
programming code in the microcontroller will create an application of alarm system.
The system then gets the feedback from the sensors that give the feedback to the
body detector so that the body detector will response and user can take action to
control the alarm system. For the application, alarm system will received the signals
to be activated by the microcontroller programming. To on the alarm system, a short
delay is provided at switch-on through capacitor and resistor, so that the user has

time to step out of range before monostable timer and the relay are activated.

BODY DETECTOR
MAIN UNIT

ALARM SYSTEM |
APPLICATION <4—— MICROCONTROLLER ‘€———

Figure 3.5: Block Diagram of the system
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3.2 FLOW CHART
3.2.1 Flowchart of the system

The application of Alarm System Using Body Detector is simple. Once a
human body approach the positive plate of capacitor, the main body detector will
activate its device if only the human body is in range that the body detector located
can detect the reliable shifting in frequency. Then if the Body Detector sensed the
human body approaches, it transmits pulses through microcontroller and thus
activates the flow of alarm system (buzzer sound). This process requires the users to
manually off the power supply himself after once the alarm is activated. The

flowchart of the system is shown at Figure 3.6.

Human enters certain

— P range of area —

Sensor detect
the existence

NO of human

Alarm activates /
triggered

'

Alarm off

bv humans

NO
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i YES

Alarm deactivates /
stopped

Figure 3.6: Flowchart of the system

3.2.2 Flowchart of methodology

Figure 3.7 shows the flowchart of project methodology. This project will start
with proposed the title and fulfill the requirement needed. If the title is accepted then
continue to the next level, if not check and correct the mistake then proposed back
the title. The next level after the title has been proposed is doing the research on the
problem occurred in the previous application and identify the part that need to be
improved. After doing the research, the improvement process is divided into two
parts which is software and hardware design. After the improvement is done, the
both part software and hardware is integrated then test them whether the prototype is

function or not. If yes the project is success and if not, test the prototype back.

G

Title proposed

v

Approve?

No

€S



29

Research and literature review on Body
Detector, microcontroller and alarm system:
1. Problem occurred in previous applications

2. Part which need to be improved

v

Improvement

v

N Design circuit of microcontroller
system and body detector system

No

Develop hardware part:
1. Body detector
2. Microcontroller design
3. Alarm system

€S

<z

Develop software part:

1. Microcontroller for <

alarm system

I

Integrate both
designs

v

Yes

Report writing




30

Figure 3.7: Flowchart methodology of flow project

3.2.3 Flowchart of programming software design

Figure 3.8 shows the flowchart of the programming software design. This software is
beginning with the activation of relay. If the relay is activated, the thruster is on and moves
according to the direction as it program for. If absence of human body in certain distance,
indicator, LED 1 is on. If the system detects the presence of human body, indicator LED 2
and buzzer are on and turn off the thrusters, then starts from the beginning. If the relay is

not activates, the alarm system will do nothing.

Relay

Thrusters Off .
activates

A

Thrusters On

Absence of
human body

LED 1
) ON

Presence human
of bodv

LED 2 & BUZZER
ON




Figure 3.8: Flowchart of programming software design.
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CHAPTER 4

HARDWARE DESIGN

4.1 AN OVERVIEW

4.1.1 DESIGN PRINCIPLES

In Alarm System Using Body Detector, it involved several design principles

that affect the performance of the output.

4.1.1.1 SENSITIVITY

Bear in mind that body capacitance varies from body to body. All in all, it is
sensible to calibrate the Body Detector so that it is sensitive enough to safely trigger,
yet not so that it comes too close to its trigger threshold. With using lighter sensor,
this can be achieved finely. It is hard to quantify the circuit’s sensitivity and stability
since this depends on the no of factors, particularly the range it is adjusted to, and the
surface area of the sensor. From the prototype of several sensor used, it is showed
just over 1.5% shift in sensitivity per 1°C temperature variations. This means that in
most situations the circuit is solid at 10cm range, which is more adequate for
protecting simple applications such as valuables on a shelf. However, at 20cm range

and using the same sensor, temperature becomes significantly problem.
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4.1.1.2 STABILITY

Stability is the challenge for the sensitivity. This is essentially because this
quantify that the circuit measures; in this case is body capacitance which is so
extremely small that minute variations within the circuits itself to swamp the quantity
being measured. The importance of achieving a high order of stability still remains a
significant problem at the end of the day and the final circuit exhibits a high degree
of stability. It is recommended in the future, that this project will use PCB (printed

circuit board) in order to achieve higher stability.

4.1.1.3 OPTIMIZATION

The Body Detector is functioned well under a wide variety of conditions
without further modification. Ideally, it should be optimized for use with a specific
metal sensor. The need of for such modifications arises because the attachment of a
sensor plate towards the capacitor C1 will increases the value of sensor h.f.o (high
frequency oscillation). ICla is timing the capacitor C1. this means that multi turn
presets VR2 needs to be turned back, which exposes a benchmark oscillator IC2a to a
little more frequency drift than ICla. the solution in the circuit is by simply selected
the metallised ceramic plate of 4p7 F which has a zero temperature coefficients.
Therefore, by increasing the value of benchmark- h.f.o’s timing capacitor C4 (by
adding CX in parallel with C4) which is C2 with the same value. Such final
optimization is being done on the final application of Alarm System Using Body

Detector.
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4.2 ELECTRONIC DESIGN OF BODY DETECTOR

4.2.1 GENERAL CONSTRUCTION

The Body Detector is built up on a small independent board measuring about
25cm x 10cm. The topside component design is shown in Figure 4.1. All the
components should fit into place without too much difficulty. However, a fine-tipped

soldering iron would help since this is a compact circuit board.

Before soldering and commencing construction work, adjust preset VR1 to
about 50kQ, VR2 to 5kQ, VR3 to 10kQ, VR4 to 250kQ, and VRS to 10kQ. Special
note is taking with the orientation of electrolytic capacitors C9, C11 and C13. The
electrolytic capacitors must also suitable rated which is about 16V or higher. Any
lead which is taken from the board to a sensor (sheet of tin foil) should be soldered to

the solder pin and the free ad bolted to the sensor to ensure god electrical contact.
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Figure 4.1: Body detector board (off state)

4.2.2 CIRCUIT DETAIL
4.2.2.1 Circuit Components

For Alarm System Using Body Detector, basic components are used such as
resistor and capacitor as main components. Other than that, components such as
potentiometer, diode, transistor, timer, relay and LED are used. Detail of circuit

components is shown at Table 4.1.

Table 4.1: The Body Detector Circuit Components

No. ITEMS PRESCRIPTION SYMBOL

1. Resistor 1kQ (3 off) R1, R6, R8

2. Resistor 68kQ (3 off) R2, R4, R7

3. Resistor 100kQ R3

4. Resistor 2M2Q R5

5. Resistor S5k6Q R9

6. Potentiometer 100k 25-turn cermet preset,top adjust | VR1

7. Potentiometer 10k 25-turn cermet preset, top adjust | VR2

8. Potentiometer 500k 25-turn cermet preset, top adjust | VR3, VR4,
(3 off) VRS

9. Capacitor 4p7F ceramic (2 off) C1,C3

10. | Capacitor 10 nF polyester (3 off) C2,C4,C10

11. | Capacitor 100 nF polyester (5 off) Cs5, C6, C7,

C8.Cl12

11. | Capacitor 100pF radial elect 16V (3 off) C9, Cl11, C13

12. | Diode 1N4148 signal diode (3 off) D1, D2, D3

13. | Led 3mm ultrabright l.e.d, red D4
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14. | Transistor 2N3819 field effect transistor (f.e.t) TR1
15. | Transistor BC549 small signal transistor TR2
16. | CMOS 7556 CMOS dual timer (2 off) IC1
17. | Transistor TLO71CN j.fe.t. op. amp IC2
18. | CMOS 7555 CMOS dual timer IC3
19. | Relay 12V d.c coil, Telecom TX series, relay | RLA

with 2A 30V d.c d.p.c.o contact

20. | Independent Board

21. | Stand-off pillars (4 off)

22. | Battery clip (2 off)

23. | Tin foil

24. | Battery 9V alkaline battery

4.2.2.2 Circuit Explanation

The full circuit diagram for Body Detector is shown at Figure 4.2. The
functions of ICla 7556 CMOS dual timer (astable oscillator) and IC1b 7556 CMOS
dual timer (non-retrigerable monostable) operating in tendem. Notice that both
astable oscillator and non-retrigerable monostable are housed in the same package of
IC1, which means that any warming or cooling of the device affects both sub-circuits

more or less equally.

The frequency of oscillator IC1a is calculated by the formula;

fIC1a=1.46/[ (VR1 + VR2)X C1 | Hz
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While the period time of monostable IC1b is calculated by formula;

t IC1b =0.69 X ( VR3 + R1) X C3 second

ICla is oscillates at around 100 kHz, although its frequency is dependent to a
large degree of mass of the sensor. A very small value timing capacitor 4p7F (C1) is
employed for ICla, so that the oscillator will readily respond to the body’s electrical
field. Capacitor 4p7F C3 used at IC1b is the same value as C1. Both C1 and C3
should have a zero temperature coefficient because the coupling C2 and C4 (each 10
nF) has been included in ICla and IC1b for greater stability along with supplying
decoupling capacitors C12 and C13 (each 10 nF and 100 uF).

All the timing components of ICla and IC1b have identical temperature
coefficients. This is why variable resistor (potentiometers) are used. Resistor R1
(1kQ) only have small effect on stability of the circuit. In this case, VR1 should
never be reduced than 50k otherwise the IC1 is sure to be self-destruct. The output of
the non-retrigerable monostable timer IC1b is fed to a standard diode. Charging is
both limited and controller by resistor R2 (68k€2) and R3 (100k€2), so that the charge
on capacitor C6 (100 nF) will vary between 5.5V and 6.5V as a body comes near the
sensor. The values of resistors R2, R3 and capacitor C6 are chosen to be large
enough to damp mains transients and electromagnetic pulse for greater reliability.
This may be perfect enough by tapping the sensor rapidly. If it is tapped rapidly
enough the Body Detector will fail to trigger. The value of capacitor C6 will increase
if there is problem in his detection area. A simple inverting comparator is formed
around IC2 TLO71CN j.f.e.t op. amp. and associated components. The threshold
voltage is set by preset VR4 so that the output at IC2 pin 1 swings ‘high’ or ‘low’ as
the inverting input across the threshold. It will swing ‘low’ as a body approaches the
sensor (assuming that VR4 is suitable adjusted- since VR4 is for the LED

illuminating).
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Figure 4.2: Body Detector Circuit Diagram

37



38

4.2.2.3 Power Source

In Body Detector circuitry, there is included no reverse polarity protection so
that it may be run off both 9V and 12V (up to three days and nights of a small 9V
alkaline battery). Therefore, special care needs to be taken that the power is
connected the correct way round. The circuit is unusually stable; therefore no voltage
regulation is included (if compared to PIC 16F877 board). However, a clean

regulated voltage supply is sure to improve the performance of body detector.

The circuit is virtually immune to static and to e.m.f- induced eddy currents
in the body. The Body Detector is designed to detect the electrical field surrounding
the human body and has high degree of immunity to a.c. fields as well as being able

to function well out of range of such fields.

4.2.2.4 Blanking Out

Blanking out represents the ‘blanking circuit’ that blanks the activation of the
Relay (RLA) after it has been activated. The resistor R4 together with the TR1, RS,
C8 and D3 represent the blanking circuit which for a brief moment blanks the action
of relay. This ensures that the relay’s emf does not destabilize the balanced circuit.
The effect of these components may be showed by holding the one’s hand to the
sensor continually. As IC3’s timing perios comes to an end, and LED D4

extinguishes a fraction of a second delay is noticed before it illuminating again.

A monostable timer IC3, triggers the relay for a period determined by preset
VRS and resistor R8. Its period time will be seconds so that it can be adjusted
between 1s to 30s. If different timing periods are required, the value of capacitor C9
may be increased for longer time periods and vice versa. The output pf monostable
timer 1C3 (pin 3) provides current for transistor TR2 , which in turn switches relay
RLA. The arrangement at IC3 reset pin 4 delays the circuit’s coming alive at switch-

on by about 7 seconds so that one has stand back from the circuit after switching it
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on. Failing this, body capacitance could trigger the circuit at any time the switch is

on.

Although in circuit diagram Figure 4.2, there is no direct provision for a delay
before the circuit is triggered. But, there can be arranged by wiring a large value of
capacitor in parallel with C6, then reducing preset VR4 as far as possible (clockwise)

without disabling IC2’s output.

4.2.2.5 Relay

One set of relay contacts is routed to three solder pins TR1, VRS and R7 and
these may be used to wire up an external load. Since the relay is rated 60W (2A
30Vd.c), a maximum powerful siren may be wired to the contacts. The Body

Detector may also be wired to the input of standard alarm system (Figure 4.3).

Figure 4.3: Body detector board (on state)
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4.3 ELECTRONIC DESIGN OF PIC 16F877

4.3.1 An Overview of PIC Microcontroller Board Design

PIC Microcontroller is one of the versatile microcontroller families in the
market and become an inexpensive single-chip computer. Single-chip computer
means that the entire computer system lies within the confines of the integrated
circuit chip The PICmicro® Microcontroller was first introduced in the early of 1980
by General Instruments for their product design and known as “Programmable
Interface Controller”. One of the main advantages dealing with PIC Microcontroller
is the large database of information and technical support from the internet. Besides
lots of books that may help new users learn more about the PIC Microcontroller,
there are also a PICmicro Microcontroller specific user group that offers free

tutorials and advice on PIC projects.

The PIC family is a small microcontroller designed for fast input/output
control using a small instruction set. The PIC is a low-cost microcontroller and can
be reprogrammed thousands of times again and again using Flash programmable
EEPROM using just electronic signals from a PC like a higher-level microcontroller
such as BASIC stamps. The PIC Microcontroller is able to store and run unique
programs and can be programmed to perform functions based on predetermined
situations (1/0O-line logic) and selections. Based on PIC Microcontroller versatility,
their features add a lot of power, control, and options at little cost in this project

construction.

There are a lot of considerations in choosing the right microcontroller in this
project. Different factors such as the physical size, the number and type of inputs
and outputs, the speed, the forms of external communication, the random access
memory (RAM), read-only memory (ROM), arithmetic logic unit (ALU), central
processing unit (CPU), analog-to-digital converters (ADC), digital-to-analog
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converter (DAC), timers, serial ports, parallel ports, the availability and the price
itself.

4.3.2 PIC16F877 Microcontroller Unit (MCU)

PIC microcontrollers are fast, cheap and low power machines that can handle
just about any control or data processing application imaginable. PIC 16F877A is a
self contained computer-on-a-chip and supported by CMOS Technology and have

several advantages:-

a) It has low-power, high-speed Flash/EEPROM Technology and works well
with thousands of electronic products.

b) It has fully static design

¢) It does cover wide operating voltage range (2.0V to 5.5V) for most electronic
application.

d) Fulfill wide variety of commercial and Industrial temperature ranges

e) Low-power consumption

PIC 16F877A Microcontroller differs from a Microprocessor in many ways.
The most important is the chip functionality. In order to use Microprocessor, other
components such as memory, or components for receiving and sending data must be
added to it while PIC 16F877A microcontroller is designed to be all of that in only
one chip. PIC 16F877A microcontroller doesn’t need external components for its
application because all necessary peripherals are already built into it. In other words,

we save the time and space needed to construct devices.

The flash memory in the PIC16F877A microcontroller permits the
microcontroller to be programmed, erased and programmed again repeatedly. By
using PIC16F877A microcontroller, it does not need a special programmer and n

ultraviolet eraser to achieve this special reprogramming capability.
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4.3.3 PIC16F877 Circuit Detail

In PIC16F877 circuit diagram, there are several circuits that is compulsory
for the system to function well. It were included the power supply, clock circuit, and
reset circuit. Power supply circuit (Figure 4.4) is needed in the basic PIC16F877
circuitry because 7805 regulator need to regulate the voltage supply of (>6V to 12V)
so that the suitable voltage supply will drop at the PIC16F877 Vdd pinl2 and make
the PIC to functioned.

7805
>6V 1] (1.50) B 5v
2
T 1uf = 1uf = 100uf
GND GND

Figure 4.4: PIC 16F877 power supply circuit

A simple RC circuit (Figure 4.5) is used to produce action-synchronizing
clock pulses. 8-MHz resonator is used for the operation clock oscillation by PIC. The
precision of this oscillation frequency doesn't influence the precision of the clock.
The precision of the clock is decided by the precision of the frequency which is
inputted to pinl3 (OSC1) and pin14 (OSC2). Because it doesn't need the high-speed

operation of PIC at the circuit this time, 8MHz is used.
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Figure 4.5: PIC 16F877 clock circuit

Meanwhile, the reset circuit (Figure 4.6) is used so that the program from a
known state. It will be reset when the Master Clear (/MCLR) pin is connected to the
0V supply (ground). The PIC has internal circuits to perform this function at power
on and the simplest design involve merely connecting the /MCLR pin directly to the
positive voltage supply through a resistor to the positive voltage supply. When the
power supply is connected, the voltage rise too slowly then this reset function may
not work. By having a capacitor, at switch on, the capacitor will discharges. The PIC

will be held reset until the voltage /MCLR 1is above threshold value.

+5W

§ 10k

REZET

— 4. 7uF

Figure 4.6: PIC 16F877 reset circuit
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The PIC Controller board in this project used a 40-PIN PIC 16F877 as main
controller. In this design ( Figure 4.7) , port B is used as a bidirectional port which is
as an input and output port. Port B pin0, pinl, pin 2 and pin 3 are used to control
input and output that work as an indicator of the working system. In initial
condition, Port B pin 0, pin 1 and pin 3 will be set as logic low. This condition will
remain the pins as output mode while Port B pin2 will be set as logic high and will
remain the pin as input digital (pulse). Output pulse from Body Detector will be the
input digital for PIC pin2. When input pulse is detected the change of high and low
frequency, red LED controlled by PIC pin0 will turns on and buzzer controlled by
PIC pinl and pin3 will on. The green LED will indicate the system when PIC is not
functioned for several seconds (delay). And for the voltage supply for this PIC board,
OV alkaline battery is used since this project will be stressed on the ability of this

device to be portable.
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| Energizer

Figure 4.7: PIC16F877 Board Circuitry

4.3.4 Circuit Components

In developing the microcontroller board PIC16F877, the very important
components is PIC 16F877 as the brain system and voltage regulator. Other
components such as crystal, resistor and capacitance are also used. While for the

applications, buzzer and LED are used. Detail of circuit components is shown at

Table 4.2.



Table 4.2: The PIC16F877 circuit components
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NO. |ITEMS PRESCRIPTION SYMBOL
1. PIC microcontroller | PIC16F877 PIC

2. Voltage Regulator 7805 voltage regulator 78L05

3. Crystal Crystal 8Mhz X1

4. Resistor Resistor 10kQ (3 off) R1,R2, R3
5. Capacitor Capacitor 12pF (2 off) Cl1,C2

6. Capacitor Capacitor 10uF (2 off) C3,C4

7. Capacitor Capacitor 1puF (2 off) Cs, Co

8. LED 3mm ultrabright l.e.d, red Dl

9. LED 3mm ultrabright l.e.d, red D2

10. Buzzer Buzzer 5V-12V Bl

11. Independent Board

12. Battery 9V alkaline battery

13. Stand off pillars (4 off)

14. Battery Clip (2 off)

4.3.5 Communication Devices: UIC00A USB ICSP PIC Programmer
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In this project, data and information flow from Body Detector circuitry IC1b
pin9 to PIC16F877 Microcontroller PortB pin3 system through UICO0OA USB ICSP
PIC Programmer (Figure 4.8). Assess connectivity plays big roles in evaluating the
pulse network performance and Body Detector have tended to use serial
communication for their connectivity. While deploying serial communication for
Body Detector system, UICO0OA USB ICSP PIC Programmer provides a well-known
and reliable system for short range wired communications such in this project.
UICO0A USB ICSP PIC Programmer has low communications speed, ranging from
9600 bits per second (bps) to 115.2 kilo bits per second (Kbps). UICO0A USB ICSP
PIC Programmer links use unbalanced lines that refer to electrical characteristics of
the signal on the lines. In this communication, the signal voltage is applied to one

wire while others are referenced to a common ground.

Since UICO0A USB ICSP PIC Programmer is a point to point
communication, it requiring individual cable to be installed each network device and
the control system. By using UICOOA USB ICSP PIC Programmer for Alarm
System Using Body Detector System communication, several advantages can be
gained such as the hardware and programming requirements are simple and
inexpensive and it needs only a mini USB cable and a rainbow cable for

programming (Figure 4.9).

Figure 4.8: for UIC00A USB ICSP PIC Programmer board
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Figure 4.9: UIC00A USB ICSP PIC Programmer board with mini USB cable,
programming cable and installer

Figure 4.10 shows the UICO0A USB ICSP PIC Programmer board layout.

@ & 8 4 A a2 a8k an

Bl waEI}
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Figure 4.10: UIC00A USB ICSP PIC Programmer board layout



Table 4.3: Function of UIC00A USB ICSP PIC Programmer
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LABEL FUNCTION
A Mini USB port socket
B Switch to initiate write device programming
C Main power supply indicator LED, Yellow
D Busy indicator LED, Red
E IDC Box Header for programming connector

A — Is for USB connection to PC desktop or laptop. Must be connected the mini
header of USB cable to this socket.

B — Is a switch (push button) which may be used to initiate the write device function

when programmer>Write on PICkit Button is checked.

C — Is a LED (yellow) to indicate the main power supply of UICOOA. It should be

ON once USB connection from UICO0A to computer of Laptop is ready.

D —Is a LED (red) to indicate busy function such as UICOOA is in program mode or

is alerting that a function is in progress.

E — Is an IDC box header for programming cable. Must be connected one end of

programming cable to this header, while the other end to target board.




CHAPTER 5

SOFTWARE IMPLEMENTATION

5.1 PICBASIC PROGRAMMING

5.1.1 An Overview

PicBasic Pro allows us to use assembly language code mixed together with
our BASIC code. The PicBasic Pro Compiler (or PBP) makes it even quicker and
easier for you to program Microchip Technology’s powerful PICmicro
microcontrollers (MCUs). The English-like BASIC language is much easier to read
and write than the quirky Microchip assembly language. The PicBasic Pro Compiler
is “BASIC Stamp II like” and has most of the libraries and functions of both the
BASIC Stamp I and II. Being a true compiler, programs execute much faster and
may be longer than their Stamp equivalents. PBP is not quite as compatible with the
BASIC Stamps as our original PicBasic Compiler is with the BS1. Decisions were
made that we hope improve the language overall. One of these was to add a real
IF. THEN..ELSE..ENDIF instead of the IF.THEN(GOTO) of theStamps. These
differences are spelled out later in this manual. PBP defaults to create files that run
on a PIC16F84-04/P clocked at 4MHz. Only a minimum of other parts are necessary:
2 22pf capacitors for the 4MHz crystal, a 4.7K pull-up resistor tied to the /MCLR pin
and a suitable 5- volt power supply. PICmicro MCUs other than the 16F84, as well
as oscillators of frequencies other than 4MHz, may be used with the PicBasic Pro
Compiler. The PicBasic Pro Compiler files are compressed into the self-extracting

file on the included disk. They must be uncompressed before use.
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To install and uncompress the software, run (click on) INSTALL.BAT. If the
PBP directory already exists, itmay get an error message and the installation will
continue. All of the necessary files will be installed to a subdirectory named C:\PBP
on the hard drive. The uncompressed READ.ME file has the latest information about
the PicBasic Pro Compiler. Make sure that FILES and BUFFERS are set to at least
50 in CONFIG.SYS file. Depending on how many FILES and BUFFERS are already
in use by system, allocating an even larger number may be necessary. In general,
PicBasic language provides understood language, a widely standardized language
and very productive language. Features like bit manipulation, bit field manipulation,
direct memory addressing, and the ability to manipulate function addresses pointers
have included in PicBasic language. In other words, PicBasic language is the only
popular high level language that can be conveniently used for a microcontroller
device such as for PIC 16F877 microcontroller to perform specific task in Alarm

System Using Body Detector.

In constructing product development, the easiest way is to begin program
development is to write down any available idea and specification. By drawing out a
number of possible solutions and examine each program pattern in order to find the
simplest and most reliable option. At this stage, any early specification about the
program like flowchart, block diagram, I/O connection pins plan is being planned
properly. The Alarm System Using Body Detector using Port B as an Input and

Output at the same time.

5.1.2 PicBasic Command

In Alarm System Using Body Detector, the command that are used is to delay
the function of PIC in 7 seconds, to capture the input frequency, to read the data and
detect the shift of frequency changing in us and activate the flows of alarm system

applications. Below are several commands that were used to accomplish the project.
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5.1.2.1 Define Command

Some elements, like the clock oscillator frequency and the LCD pin locations,
are predefined in PicBasic. DEFINE allows a PicBasic program to change these
definitions, if desired. DEFINE may be used to change the predefined oscillator
value, the DEBUG pins and baud rate and the LCD pin locations, among other
things. These definitions must be in all upper case, exactly as shown. If not, the
compiler may not recognize them. No error message will be produced for DEFINEs
the compiler does not recognize. See the appropriate sections of the manual for
specific information on these definitions. In this project, DEFINE is used to define

the oscillator.

DEFINE OSC 8 ‘Oscillator speed in SMHz

5.1.2.2 Tris Command

TRIS register is used to set a pin or port to an output or input. Setting a TRIS
bit to 0 makes its corresponding port pin an output. Setting a TRIS bit to 1 makes its
corresponding port pin an input. Below is the TRIS setting for this project.

trisb.0 =0 'set as output for LED
trisb.1 =0 'set as output for BUZZER
trisb.2 =1 'set as input digital (PULSE)
trisb.3 =0 'set as output for BUZZER

5.1.2.3 Sleep Command

SLEEP period

The microcontroller is placed into low power mode for Period seconds.
Period is 16-bits, so delays can be up to 65,535 seconds (just over 18hours). SLEEP
uses the Watchdog Timer so it is independent of the actual oscillator frequency. The

granularity is about 2.3 seconds and may vary based on device specifics and
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temperature. This variance is unlike the BASIC Stamp. The change was necessitated
because when the PICmicro MCU executes a Watchdog Timer reset, it resets many
of the internal registers to predefined values. These values may differ greatly from
what your program may expect. By running the SLEEP command uncalibrated, this
issue is sidestepped. In this project, we set 7 seconds blanking out at the time PIC is
given the voltage supply so that one’s will have time to step out the range of Body

Detector located.

SLEEP 7 ‘Sleep for about 7 seconds

5.1.2.4 Count Command

COUNT Pin, Period, Var

Count the number of pulses that occur on Pin during the Period and stores the
result in Var. Pin is automatically made an input. Pin may be a constant, 0-15, or a
variable that contains a number 0-15 (e.g. BO) or a pin name (e.g. PORTA.0). In this
project, the PORTB pin2 is used for the input pulse. The resolution of Period is in
milliseconds. It tracks the oscillator frequency based on the DEFINE OSC. COUNT
checks the state of Pin in a tight loop and counts the low to high transitions. With a
4MHz oscillator it checks the pin state every 20us. With a 20MHz oscillator it checks
the pin state every 4us. Therefore, in this project, the 8MHz oscillator will check the
pin state every 10us. From this, it can be determined that the highest frequency of
pulses that can be counted is 25KHz with a 4MHz oscillator and 125KHz with a
20MHz oscillator, if the frequency has a 50% duty cycle (the high time is the same as

the low time).

COUNT PORTB.2, 1, HIGH 1 ‘count the pulse in into PORTB

pin2 in 1miliseconds
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5.1.2.5 IF...ELSE

IF..ELSE/THEN performs one or more comparisons. Each Comp term can
relate a variable to a constant or other variable and includes one of the comparison
operators listed previously. IF..THEN evaluates the comparison terms for true or
false. If it evaluates to true, the operation after the THEN is executed. If it evaluates
to false, the operation after the THEN is not executed. Comparisons that evaluate to

0 are considered false. Any other value is considered true.

IF..THEN cannot be used to check if a number is less than 0. It is essential to
use parenthesis to specify the order in which the operations should be tested.
Otherwise, operator precedence will determine it for you and the result may not be as
expected. IF. THEN can operate in 2 manners. In one form, the THEN in an
IF. THEN is essentially a GOTO. If the condition is true, the program will GOTO
the label after the THEN. If the condition evaluates to false, the program will
continue at the next line after the IF..THEN. In the second form, IF. THEN can
conditionally execute a group of Statements following the THEN. The Statements
may be placed after the THEN or may be on another line and followed by an
optional ELSE and non-optional ENDIF to complete the structure. In this project,

the command of second term of IF..ELSE is used.

IF HIGH 1 <=10 THEN
high portb.0
high portb.1
high portb.3

ELSE
low portb.0
low portb.1
low portb.3

ENDIF
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5.2 MicroCode Studio (PicBasic Compiler)

5.2.1 An Overview

MicroCode Studio is a powerful, visual Integrated Development Environment
(IDE) with In Circuit Debugging (ICD) capability designed specifically for
microEngineering Labs PICBASIC™ and PICBASIC PRO™ compiler. The main
editor provides full syntax highlighting of your code with context sensitive keyword
help and syntax hints. The code explorer allows you to automatically jump to include
files, defines, constants, variables, aliases and modifiers, symbols and labels, that are
contained within source code. Full cut, copy, paste and undo is provided, together
with search and replace features. MicroCode Studio now includes EasyHID Wizard,
a free code generation tool that enables a user to quickly implement bi-directional
communication between an embedded PIC™ microcontroller and a PC. The benefits

of using Microcode Studio as an assembler are:

 Full syntax highlighting of your source code

«  Quickly jump to include files, symbols, defines, variables and labels using the
code explorer window

« Identify and correct compilation and assembler errors

« View serial output from your microcontroller

« Keyword based context sensitive help

«  Support for MPASM

The compiler, assembler and programmer options is easy to setup.
Compilation and assembler errors can easily be identified and corrected using the
error results window. Just click on a compilation error and MicroCode Studio will
automatically take to the error line. MicroCode Studio even comes with a serial
communications window, allowing the debugging and view serial output from your
microcontroller. Each line of source code is animated in the main editor window,
showing which program line is currently being executed by the host microcontroller.
User also can even toggle multiple breakpoints and step through your PICBASIC
PRO™ code line by line.


http://www.microengineeringlabs.com/
http://www.mecanique.co.uk/code-studio/index.html#In Circuit Debugger (ICD)#In Circuit Debugger (ICD)
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5.2.2 MicroCode Studio Editor

The MicroCode Studio Compiler is one of the PicBasic Compilers that
available for the Microchip PIC Controllers which is in this project, PIC 16F877.
The MicroCode Studio Compiler is a superb compiler and is designed to run under
Windows 95, 98, ME, NT4, 2000 or XP. MicroCode Studio Compiler is accessed
through its Integrated Development Environment (IDE) that allows users to build
projects, add source code files to the projects, set compiler options for the objects

and compile projects into executable program files.

The MicroCode Studio Compiler has its own database to track the properties
of each Microchip PIC Microcontroller that it supports which is in this project is the
PIC 16F877. The data base can be update through Device Editor Menu item and
new devices may be added or change the entries for a device for a special

application.

To construct a PicBasic program using MicroCode Studio Compiler, all
project file must have a .pjt extension. At one time, only one source file is directly
assigned to each project. As an example, in this project, PIC 16F877 Microcontroller
functioned as a microcontroller that controls the flow of the operation. Additional

statement must be included in the program by the PIC selection toolbar.

Every new program can be created manually using File\New menu item or it
can be generated by the PIC Wizard utility using Project\New\PIC Wizard that can
help generate code for I/O, Timers, Usart automatically. To create a new project
using a MicroCode Studio Compiler, it is convenience and reliable to set it up trough
PIC Wizard. PIC Wizard will lead users to a proper setup in choosing the specific
device, oscillator frequency, and function generation. There are 4 steps to create the

workspace and PBP project file.
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Step 1, (Figure 5.1) New - Creates a new document. A header is

automatically generated, showing information such as author, copyright and date. To

toggle this feature on or off, or edit the header properties, you should select editor

options.
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Figure 5.1: Select New File

Step 2 (Figure 5.2) When a new document is created, the default target

processor device is set to the 16F877. To change the default, edit the file 'default.int',

located in your main installation folder. It is a need to restart MicroCode Studio after

making the changes.


mk:@MSITStore:C:\Program Files\Mecanique\MCS\CodeStudio.chm::/ToolBarCompileProgram.html#Target Processor
mk:@MSITStore:C:\Program Files\Mecanique\MCS\CodeStudio.chm::/ToolBarCompileProgram.html#Target Processor
mk:@MSITStore:C:\Program Files\Mecanique\MCS\CodeStudio.chm::/MenubarMain.html#Editor Options#Editor Options
mk:@MSITStore:C:\Program Files\Mecanique\MCS\CodeStudio.chm::/MenubarMain.html#Editor Options#Editor Options

57

@ MicroCode Studio - PICBASIC PRO (Untitled. bas)

: File Edit vView Project Help
i = Ci] R e e = =
DL 2| % e 2T &5 3 o=
Das] v L@y - (1677 - @'@'OOOO oMz v &“%|
— =
Code Explorer LEF877A  litled
16Fa8
o3 Inchudes | L6F9L3 S S e S e S S e S gy
|23 Defines igigig | Neme : UNTITLED.BAS *
| Constants |16F917 Author : [select VIEW...EDITOR OFPTIONS] +
(53 Variables  [LEHVSSD Y| Notice : Copyright (c) 2008 [select VIEW...EDITOR OPTTONS] *
|0 Alias and Madifiers * : all Rights Reserved *
123 Symbols + Date : 1073172008 +
153 Labels ' Version : 1.0 *
+ Notes *
+ : #+
EEEE R R R b e
< >
(0) Ready B tn11:col1

Figure 5.2: Select Device suite

Step 3, real program must be saved in a specific file name. It is important to
verify Language Tool suite, Active Tool suite and location of the file so that project
wizard may refer to it and to select the tool suite. Project directory and Project named
need to be specified and assigned as shown in Figure 5.3. In this tab, Project
directory is referring to C document files while project name is assigned as BODY

DETECTOR.

iMicruCndz Studio - PICBASIC PRO (Untitled.bas)

¢ File Edit View Project Help
i =) = Bichdp s = =
11" Bl 2 D 9 aes 25 85 oE o=
(9] - e & - Q000 [ @&
Code Explorer - B E untitled
Includes ~
() Defines COUNT PORTE.Z, 1, high 1
| Constants
() Variables IF high_ 1 <= 10 THEN
(L3 Alias and Modifiers HIGH porth.0 =
3 Symbols HIGH porth.i Save As
B Labels HIGH porth.3 Savein |B Pragram Files vl (< NF =M
) Adabe IC)Banjour i
ELSE I3 Any DVD Converter Professional Chcanon i
LOW porth.O I &pplications | Canongl 1
LOW porth.l IS Atheros [ Common Files i
TOW porth.3 ave [CiComPlus Applications i
RETURN (Davira [CICONERANT i
2 | -
Filename: | BODY DETECTOR | [ save ]
EHDIF
Save as type: | FICEASIC PRO File [* pbp) v [caneel ]
>
< >
() Ready [E tnas: col1

Figure 5.3: Assign Project Name and Project Directory
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Step 4 is to add any existing files to the project. All type of files may be
created in the PBP software simulator such PicKit 2. Others files such as .asm,
.COD, .LST, .MAC, .XRF, and .HEX files also can be included for an external
applications and this can be achieved by just clicking an open files button at the
directory folder as shown in Figure 5.4. In this project, .HEX file is a must to

undergo the programming process.

@ MicroCode Studio - PICBASIC PRO (BODY DETECTOR. pbp) N=E3

| Flle Edit View Project Help
: > = B == | = =
\j = B | o > npo | 2= E= | oE o=
T D | -3 00 0 O [ ¥ @[
Code Explarer - @ | [ soov peTECTOR
) Incudes ~
|55 Defines COUHT PORTE.Z, 1, high 1
[ Constants
I variables IF high_l <= 10 THEHW
1) Alias and Modifiers HIGH porth.O Open E
) svmbols HIGH porth.l
= Labels HIGH porch.3 Look in: | < Local Disk.(C:) v 2 = E-
[ Documents and Settings RECYCLER fijarlagiz.pt,
CDownloads System Yolume Information jijanlagi.pby
ELSE =) Images 12 ummi = nTaH.pbp
LOW porth.0 =My Downloads [ WINDOWS [ testing.pbp
LOW porth.1 yPEP (= eps.pbe = urmrcoun
LOW porth.3 IC)Program Files = 1DAH.pbp = urmrcoun
RETURN
bl | )
Fils name:  |BODY DETECTOR. pbp | [ open ]
ENDIF Files of type: [ Al PICBASIC Files [*.bas;" pb.”.pbp) ~| [ _cance |
v
< >
() Ready B tn45:col1

Figure 5.4: Add existing file

Step 5 (Figure 5.5) and final step, after all programming is written, compile

the program. And if no errors occurred, the assembly compiling is successful.

@ MicroCode Studio - PICBASIC PRO. (BODY DETECTOR.pbp)

File Edit View Project Help
: > = By P o= o= | = =
2 B E T A
8D - M T - 0000 =¥ W
Code Explarer -~ & | B soov oETECTOR
) Includes ~
=[5 Defines COUNT PORTE.Z, 1, high 1
[B] asc
[ Constants IF high 1 <= 10 THEN
= [ Variables HIGH parth.D
[ high_t HIGH parth.1
[ Alias and Modifiers HIGH porth.3
(= Symbols
= [ Labels
[ Loop ELSE
LOW portb.0
LOW portb.l
LOW portb.3
BEETURH
EHDIF SUCESS 1!
~
) < | >
3 = =
(0) Success : 139 words used. B tn4s: col1

Figure 5.5: Compiling the program



59

5.3 MICROCHIP PicKit 2

5.3.1 An Overview

Microchip Technology Inc., a leading provider of microcontroller and analog
semiconductors, today announced that the popular PICkit(TM) 2 development
programmer now supports in-circuit debugging of selected PIC(R) microcontroller
products. This enables users to have development and evaluation with PIC
microcontrollers for a very low initial investment. PICkit 2 Debug Express Kit
features a 44-pin demo board populated with a PIC16F917 microcontroller, and
connects to any personal computer via USB. Its in-circuit debugging features include
halt, single step and setting a breakpoint. PicKit also included are 12 easy-to-
understand tutorials that allow users to learn at their own pace (source code

provided).

5.3.2 Using PicKit 2

After compiling the program, it is necessary to know and view the
microcontroller condition such as the state of the microprocessor, the counters, the
stack pointers and the input/output condition pins. All this information can be gained
by opening the Microchip PicKit 2 software after compiling the program.
Information such as name of the ‘Special Function Register (SFR) in hexadecimal,
decimal, binary and ASCII representations will be displayed. This information will
be updated in File Register when the debugger executing the program. To get started,
Start the PICkit™ 2 Programming Software by selecting Start > Programs > PICkit
2 Microcontroller Programmer > PICkit 2. The programming interface appears as

shown in Figure 5.6



* pICkit 2 Micrecentroller Progranumner = |:| Hl

File Device Family Programmer Tools Abouk

Midrange Device Corfiguration

Device PIC1EFES0 Conliguration wiord Ox2FFF
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Usger ID's  OsFFFFFFFF N
CheckSum O=FFFF =
PICKE 2 Firnware Yersion: 1.00.00
I
FAlead I it erify | Erase | Quil [ Target Pover

[+~ Program memory Source [Mone [empryderased]

aoadno 2FFF 2FFF 2FFF 32FFF 32FFF 2FFF 2FFFF 32FFF =
aoos 2FFF 2FFF 2FFF 32FFF 32FFF 2FFF 32FFFF 2FFF
ao1l10 2FFF 2FFF 2FFF 32FFF 32FFF 2FFF 32FFFF 2FFF
ool 2FFF Z2FFF 2FFF 2IFFF 2FFF 2FFF 32FFFF 2FFF
ao2o 2FFF Z2FFF 2FFF 2IFFF 2FFF 2FFF 32FFFF 2FFF
ao2g 2FFF Z2FFF 2FFF 2IFFF 2FFF 2FFF 32FFFF 2FFF
ao3an AFFF Z2FFF 23IFFF 2IFFF 2FFEF 23IFFF 2JFFEF 2FFF
ao3ag AFFF Z2FFF 23IFFF 2IFFF 2FFEF 23IFFF 2JFFEF 2FFF
o040 JFFF Z2FFEF 2FFF 2FFF 2FFF 2FEFF 2FFF 2FFF
JFFF ZFFF 2FFF 2FFF 2FFF 2FFF 2FFF 2FFF
JFFF ZFFF 2FFF 2FFF 2FFF 2FFF 2FFF 2FFF
AFFF 3JFFF 3FFF 23FFF 3JFFF 3IFFF 3FFF 2IFFF
3FFF SFFF 3FFF 3FFF 3JFFF 3FFF 3FFF 3FFFE
3FFF SFFF 3FFF 3FFF 3JFFF 3FFF 3FFF 3FFFE LI

ATET ATTT ATTT ATTT AT AT TS AT

fta EEPROM Memory

FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF

F
EF EF EF FE ET EF EE EE MICROCHIP

Figure 5.6: PicKit 2 Programming Software
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The PICkit 2 Microcontroller Programmer is capable of programming a

variety of Flash-based Microchip PICmicro® microcontrollers. Next afterwards, the

device selection and identification is done (Figure 5.7).

PICkit 2 Programmer

File | Device Family | Programmer  Tools  Help
Iid Baseline
De | Midrange | Configuration:  3BFF
s PIC15F
PIC1SF_]
Che -
PIC18F _K_
P @ A%\ Microchip
FIC dsPIC33
] dsPIC30 ] VDDD Target
Check.
R (IGITEHIES ] l Eraze ] l Blank Check ] ] MCLR
KEELOQ® HCS
Proj
EEPRCMS ]
[+] d 5 : | Mone [Ermphe/Erazed)

aoLo
ooLs
aozo
00zs
ooso
0o03s

3FFF 3IFFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF #
3FFF 3IFFF IFFF 3IFFF IFFF 3IFFF IFFF 3IFFF
IFFF 3IFFF IFFF IFFF 3FFF 3IFFF IFFF IFFF
IFFF 3IFFF IFFF IFFF 3FFF 3IFFF IFFF IFFF
IFFF IFFF IFFF 3FFF 3FFF IFFF 3FFF 3FFF
3FFF IFFF 3FFF 3FFF IFFF 3FFF 3FFF 3FFF
IFFF IFFF 3FFF 3FFF 3FFF IFFF 3FFF 3FFF
3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

Figure 5.7: PicKit 2 Selection Device
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Next, is to import the HEX file from the successful compiling in Microcode
Studio in the same directory. To import a compiled program (hex file), select File >
Import HEX as shown in Figure 5.8. Browse for the hex file and click Open. The
code is displayed in the Program Memory and EE Data Memory windows. The name

of the hex file is displayed in the Source block.

ICkit 2 Programmer

File: Device Farnily Pragramrmer Tools Help
| Import Hex Chrl+I
Export Hex Chrl+E guration:  3BFF
1 CHUMMICOUNTSjadi kelip2.hex Chri+1
2 CHUMMICOUNTS hex Chrl+2
3 CHUMMICOUNTZ hex Chrl+3
4 CHNTAH . HEX Chrlrd @ MICROCHIP
Exit Chrl+
= i ] WDD Target
T
[] Check
’ Read l [ wWite l [ “Werify ] ’ Eraze l ’ Elank Check l ] MCLR
Program Memory
Enabled |Hex Only + | Source: |Mone [Empty/Erased)]
aooo 3FFF 3FFF JFFF JFFF 3FFF JFFF JFFF 3FFF
aoos 3FFF 3FFF JFFF JFFF 3FFF JFFF JFFF 3FFF
ao1o S3FFF S3FFF 3FFF SFFF S3FFF 3FFF 3FFF S3FFF
aols 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
aozo S3FFF S3FFF 3FFF S3FFF S3FFF 3FFF 3FFF S3FFF
a0zs 3FFF 3FFF JFFF JFFF 3FFF JFFF JFFF 3FFF
o030 3FFF 3FFF JFFF JFFF 3FFF JFFF JFFF 3FFF
o038 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

Figure 5.8: PicKit 2 Import Hex File

Figure 5.9 shows program memory when the Hex file is imported.
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aozs o147 aoas 301C ooL= Z06F O0AZ Z03E Z00F
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onzs 1503 2534 Z551 010 00AS 01lial 01A0 QCAT
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Enabled Hex Only ~r + "afrite Dievice

Figure 5.9: Program Memory
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After a device family has been selected and a hex file has been imported, the
target PICmicro MCU can be programmed by clicking on the Write button. The
PICmicro MCU will be erased and programmed with the hex code previously
imported (Figure 5.10). The status of the Write operation is displayed in the status

bar located under the Device Configuration window.

" PICkit 2 Programmer

File  Device Family  Programmet  Tools  Help

Midrange Configuration

Device: PIC1GFE77 Configuration:  2BFF
Uger (D FF FF FF FF

Checksum:  1BFF

P S Mcroc

(NNNNNNNNNNNNANNNNNNAANANNAANNANNANNNNNNNNN YOO Target

[ Read ” Write ” Werify ” Eraze ” Blank Check. ] th:eﬁi;

Program Memory

Enabled Source: |Mone [Empty/Erazed)

aooo JFFF JFFF JFFF JFFF JFFF JFFF 3FFF 3FFF
ooos 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
nolo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o0ls 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
aozo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
anzs 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooso 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

1l

Figure 5.10: Write Successful Status

5.4 Programming the PIC 16F877 Microcontroller

After developing the Alarm System Using Body Detector program, it’s really
important to check either the program is working or not. The easiest way to find it
out is trying and testing the code again and again using Microchip Pickit
Programmer. It does take a long time to develop a program that really satisfies the
project objective and scope. The flash memory technology of the PIC 16F877A

microcontroller permits the microcontroller to be programmed, erase and
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programmed again repeatedly and it saves us more time to construct ideal program.
To program the PIC 16F877 (Figure 5.11), it only takes merely 3 seconds. By
clicking Program button, the program will be automatically downloaded into PIC and
the PIC chip is ready to perform a working system and control the security

application.

Figure 5.11: Programming the PIC 16F877 Microcontroller



CHAPTER 6

RESULT & DISCUSSION

6.1 INTRODUCTION

In this chapter, all results and the limitation of the project will be discussed.

All discussions will focus on the result obtained and performance of the project.

6.2 BODY DETECTOR

6.2.1 Body Detector Output

In the construction of Body Detector circuitry, there are 2 main outputs that
need to be taken into consideration of completing the project which are the output

from IC1b pin9; triggering and non-triggering state.

The output of ICla pin5 is fed to the trigger input of IC1b. Therefore astable
ICla triggers monostable IC1b. However it is the way in which IC1b is triggered that
is important. Supposed that the monostable timer IC1b goes ‘low’ for a duration
fractionally longer than the period of astable ICla (with IClb triggered by the
trailing edge from IC1a). Therefore, IC1b will miss the next trailing edge from ICla
and will only be triggered by the following trailing edge.

If then a body comes near, the frequency of ICla will drop, therefore the
monostable timer IC1b will go ‘low’ for duration fractionally ‘longer’ than the

period of astable IC1a.The result is the sharp negative-going edge pulses (Figure 6.1)
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when the Body Detector sense no presence of human body, while the wider positive
going edge pulses (Figure 6.2) appear when the Body Detector sensed the presence
of human body approaches. It need hardly be said that these two very different
waveforms will have significantly effect on a standard charge pump. Therefore, a
minute variation at ICla pin5 results in very significant difference at IC1b output

pin9.

Figure 6.1: Non-triggerable state (no human body detection)

Figure 6.2: Triggerable state (human body detection)



66

Below is the analysis of the output from Body Detector measured by the
calibrated oscilloscope and all the analysis is based on the IC1b pin9. The changes in
frequency will be great affect for the accomplishment for this project as though that
this changes will have significant effect on the programmable part. In Table 6.1 is the

analysis of the output pulses.

Table 6.1: Analysis of the output pulses

Variable Non-triggerable state Triggerable state
Frequency +180kHz +20kHz
Time settling 2.5us 2.5us
Voltage drop 5V 5V

6.2.2 Setting up

Setting up may require a little patience, but it should not be difficult because
several components need to checked the status whether the part of circuitry is

functioned or not.

The best way to adjust the circuit is to use an oscilloscope. IC1b pin8 is
attached with the probe and take glance at the period on the oscilloscope, which will
eventually more or less match the period time of IC1b. This waveform should show
negative going pulses as seen in Figure 6.1. Then touch the probe to IC1 pin 9, and
start turning up preset VR3 (clockwise). The positive-going pulses will gradually
widen, until they turn into very narrow negative going pulses. Then suddenly a more
or less balanced square wave will bounce onto the screen. Touch the sensor, and the
wider positive-going pulses will reappear. Now adjust preset VR4 so that LED D4
illuminates and the relay clicks when the narrow negative-going pulses appear. Note

that if VR4 is turned up too high (too far anticlockwise), the circuit will be needlessly
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susceptible to transients. Adjustment with a multimeter is equally straightforward.
Monitor the voltage at the positive plate of capacitor C6, and slowly turn up VR3.
The voltage should gradually rise to above 6V, then suddenly plunge to somewhere
over 5V. This “plunge” amounts to about 1V or a little more. Measure the voltage at
IC2 pin 3, and adjust it (via VR4) to about 0-3V higher than the voltage measured
after the “plunge” referred to above. When the sensor is now touched, LED. D4
should illuminate. If a different sized sensor is used, or if a sensor is moved about,
preset VR3 will likely require readjustment. If there is a significant difference in the
mass of sensors used, VR4 might need readjusting also. If the Body Detector is
attached to a new sensor, and the set-up above has already been completed, VR3 may
be turned right back (anticlockwise), then turned up (clockwise) until LED D4

illuminates, continuing until D4 just goes out again. The rest is fine-tuning.

Bear in mind that the circuit might be affected by our own body capacitance
during adjustment, so that one might need to stand back between adjustments to
check how it is going. Ideally, one would use a screwdriver with an insulated shaft.
Also bear in mind that the circuit might need to settle after initial adjustment. Come

back to it more than ten minutes later to recheck the adjustment.

6.2.3 Switching On

Since the Body Detector is intended to detect any and all body presence, an
on/off switch battery (Figure 6.3) that is mounted close to the circuit could in some
instances present a problem. At the same time, to include any delays in triggering
might be self-defeating, since some applications will require an instant triggering.
Therefore, the delay in programming is o solution to this problem. In my
applications, this did not cause the circuit to trigger when switching off. The
insertion of delay is left until the other circuit is complete and is found to be working

satisfactorily.
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Figure 6.3: Battery Switching On

6.2.4 Casing Up

The Body Detector is built on a metal case with slotted walls, size 230mm x
150mm x 75mm approximate (Figure 6.4). Holes are prepared on the bottom of the
case for attachment of sensor. Two small holes are also carefully positioned on top of
the case to expose the sound of buzzer, so these may easily be heard from outside the
case. It is suggested that the hole for the attachment sensor is carefully screwed.
Cable ties may be used to tidy up the connecting wires. The 9V alkaline battery is
ensured that in secure position, since a change in its position inside the case could
slightly affect the main unit’s calibration. The internal layout of prototype model and

type of metal sensor used in this project is shown at Figure 6.5 and Figure 6.6

Figure 6.4: View of the completed Body Detector



Figure 6.5: Internal layout of the prototype model

Figure 6.6: Type of metal sensor; tin foil and metal
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6.3 PIC 16F877 MICROCONTROLLER

6.3.1 PIC16F877 OUTPUT

The PIC 16F877 is considered the actuator of completing this project. With
the advanced programmed of delay, counting the pulses in the input port, condition
session and activate the flows of alarm system, this whole process will produced the
desired alarm system. Starting with the status checking of PIC 16F877
microcontroller, the voltage drop at PIC 16F877 pinll will be measured by using
multimeter and the result is 5V. This value ensured that the PIC 16F877 will function
properly and this value also were produced by the regulating voltage supply through
the power supply circuitry mentioned in Chapter 4. A sound buzzering and red LED
illuminating will be triggered when there is the presence of human body detection.
This whole processed dependable on the structured program created and is being fed

from IC1b pin9 into the input of pin2 PORTB PIC 16F877.

6.4 IN USE

All in all, it is sensible to adjust the Body Detector so that it is sensitive
enough to safely trigger, yet not so sensitive that it comes too close to its trigger
threshold, which may lead to false triggering, particularly with temperature
variations. A distance of 100 mm represents a dependable range for a lightweight
sensor such as sheet of tin foil. Also must take any consideration of interest, as well

as testing the outer limits of the circuit.

The Body Detector itself must be located in a place where it is relatively
immune to body presence. Once initial setting-up has been completed, and if the unit
and sensor are not moved about, we should require no more than a little adjustment

of the potentiometers for long-term and reliable service.
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A wide variety of metal sensor may be tried. However, that each time the
sensor is exchanged, this is likely to require quick re-calibration of the Body
Detector. Always be sure to make a secure connection between the unit and sensor.
User can also try different sizes of tin foil. User may also experiment with larger
objects such as bicycle or fridge door which should serve quite well as sensors. In the
case of heavy metal items, a lighter sensor (insulated wire included) may usually be
mounted on their surface, without any physical connection to the metal object, to far

better effect.

When Body Detector is attached to a metal object, whether to a pin or others,
the entire object to which it is attached is sensitized. For instance, if it is attached to
the handlebars at the bicycle, it will reliably picking up fingers touching a rear wheel.
Only those parts of the bicycle which are insulated from the whole, for instance, or
even loose bolts will not be sensitized. Having said this, an object need not always
have physical contact with the Body Detector’s sensor to become an extension of the
sensor. Finally, with the proper adjustment, nobody should be able to slip undetected

past the Alarm System Using Body Detector (Figure 6.7).

Figure 6.7: Complete Alarm System Using Body Detector
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6.5 RECOMMENDATIONS FOR THE PROJECT

This topic discusses the recommendations on the problems that exist in Alarm
System Using Body Detector. In general, the discussion involves the whole of
Alarm System Using Body Detector parts. The problems and the recommendations

discussed here are focused more on the limitation of the feedback and cost to user.

6.5.1 Components Configuration

In Body Detector circuit, there are several problems that affecting the
functionality of main unit which is the fault error handling on the component’s
configuration. Components such as potentiometer, relay and sensor contribute big
challenge in completing this project. The pin arrangement in potentiometer confused
the connection because potentiometer is a device/ tools that measured both linear and
angular displacement. With the three-terminal resistor with a sliding contact that
forms an adjustable voltage divider, the connection seems confused to converts
position information into a variable voltage through a resistor. While the relay
problems was the internal connections of contacts. A relay is an electrical switch that
opens and closes under the control of another electrical circuit. The connection of
relay towards the other electrical circuit which is this project was the TR2 BC549
small signal transistor becomes big issues in order to perform the detect and isolate
faults on transmission and distribution lines by opening and closing circuit breakers
and perform logic functions. Lastly the uses of sensor (in this case is a sheet of tin
foil), which is not sensible to drop a voltage when a human body approaches it. It
was probably being affected by the surface area of sensor and other variation of
temperature and environmental factor. The best solution for all the problems of error
in handling the component’s configuration is refers to many researches and

configures the components using the try and error method on the board.


http://en.wikipedia.org/wiki/Circuit_breakers
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6.5.2 Unstable Board

The Body Detector circuitry is very easy to get unstable due to lots of
changing variations such as the temperature selectivity and the sensor sensitivity.
Stability is the challenge for the sensitivity. This is essentially because this quantify
that the circuit measures; in this case is body capacitance which is so extremely small
that minute variations within the circuits itself to swamp the quantity being
measured. The importance of achieving a high order of stability still remains a
significant problem at the end of the day and the final circuit exhibits a high degree
of stability. It is recommended in the solution that Body Detector will need to orderly
adjusted the be preset the potentiometers due to changes variation by using analysis
method when configuring the effect of ranges in potentiometer and the contact

connections related to external circuit.

6.5.3 Programming

Programming PIC 16F877 microcontroller would not be difficult but to
complete desired applications, the programming may require lot of effort; redo and
focused. At first stage, the command PULSIN was used to capture the input pulse
frequency into PIC 16F877 considerations. PULSIN measures pulse width on Pin. If
State is zero, the width of a low pulse is measured. If State is one, the width of a high
pulse is measured. The measured width is placed in Var. If the pulse edge never
happens or the width of the pulse is too great to measure, Var is set to zero. Pin is
automatically made an input. The resolution of PULSIN is dependent upon the
oscillator frequency. If a 4MHz oscillator is used, the pulse width is returned in 10us
increments. If a 20MHz oscillator is used, the pulse width will have a 2us resolution.
Defining an OSC value has no effect on PULSIN. The resolution always changes
with the actual oscillator speed. PULSIN normally waits a maximum of 65535
counts before it determines there is no pulse. Therefore, Body Detector is not suitable
to use PULSIN command to execute the system flow on considering the
measurement of pulse width make the system confused because the time settling in

the output pulse reached until 1200 pulse in a milliseconds. Therefore, it is
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impossible to apply PULSIN command into programming considerations. The best
solution is by using the Count command which count the number of pulses that occur
on Pin during the Period and stores the result in Var. It tracks the oscillator
frequency based on the DEFINE OSC. COUNT checks the state of Pin in a tight
loop and counts the low to high transitions. Therefore, Body Detector’s pulses will
be counted on a var pin during milliseconds and we can make the activation when
changing counted pulses occurred. In Table 6.2 is the summarization of the limitation

1 have been through in completing this project and the solutions.

Table 6.2: Limitations and Solutions

No. Problem(s) Solution(s)
1. Components Configuration Try error method
2. Unstable Board Analysis method on preset potentiometers
3. Programming capture pulses | Using programming count pulse COUNT
PULSIN command command

6.6 ACCESS CONTROL AND POWER CONSUMPTION

Alarm System Using Body Detector involves the use of Body Detector
device, PIC 16F877 microcontroller, and LED, buzzer to control the sensed of
human body detection. Extra power supplies are needed to power up the PIC 16F877
and amplifying the applications. Batteries using are not capable of supplying enough
current to drive the DC motor (unless if want to use as an actuator of applications).
If the battery cannot exceed 9V, it cannot produce enough current to drive the DC
motor and the system may not work properly. The system is powered by constant

power supply and must be turned on for 24 hours per day.
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The best solution is to build another control equipment using PIC
microcontroller to switch on application remotely before the user gain access through
the unit. The control equipment is also connected to a relay, which functions to
switch on the power supply for application. After the application is powered by
constant power supply, it will be able to operate and perform security operation.
Sufficient back up power supply (battery) also is important to make sure the system

can work properly during power breakdown.

6.7 COST AND COMMERCIALIZATION

At a time of reduced budget resulting in many electrical appliances need to
used, one way to increase efficiency and productivity of security is by using Alarm
System Using Body Detector which will increase the safeties of individuals. The

project components with the prices are shown at Table 6.3 and Table 6.4.

Table 6.3: The Body Detector Components Prices

No. ITEMS Quantity | Price per Unit Price (RM)
1. Resistor 1kQ 3 0.05 0.15
2. Resistor 68kQ 3 0.06 0.18
3. Resistor 100kQ 1 0.10 0.10
4. Resistor 2M2Q 1 0.50 0.50
5. Resistor 5k6Q) 1 0.25 0.25
6. Potentiometer 100k 1 2.50 2.50
7. Potentiometer 10k 1 2.50 2.50
8. Potentiometer 500k 3 2.50 7.50
9. Capacitor 4p7F 2 0.06 0.12
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10. | Capacitor 10 nF 0.06 0.18
11. | Capacitor 100 Nf 0.06 0.30
11. | Capacitor 100puF 0.06 0.18
12. | Diode 1N4148 0.50 1.50
13. | Led 0.20 0.20
14. | Transistor 2N3819 3.30 3.30
15. | Transistor BC549 2.40 2.40
16. | CMOS 7556 3.80 7.6
17. | Transistor TLO71CN 3.70 3.70
18. | CMOS 7555 3.20 3.20
19. | Relay 4.00 4.00
20. | Independent Board 5.00 5.00
21. | Stand-off pillars 0.20 0.80
22. | Battery clip 0.20 0.40
23. | Tin foil 1.00
24. | Battery 5.00 5.00
TOTAL RM 52.56

Table 6.4: The PIC16F877 Components Prices
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NO. ITEMS Quantity | Price per Unit Price (RM)

1. PIC16F877 1 22.00 22.00

2. 7805 Voltage Regulator 1 1.20 1.20

3. Crystal 8Mhz 1 2.00 2.00

4. Resistor 10k 3 0.05 0.15

5. Capacitor 12pF 2 0.06 0.12

6. Capacitor 10uF 2 0.06 0.12

7. Capacitor 1uF 2 0.06 0.12

8. LED 2 0.50 1.00

9. Buzzer 2 4.90 9.8

10. | Independent Board 5.00 5.00

11. | Battery 1 5.00 5.00

12. | Stand off pillars 4 0.20 0.80

13. | Battery Clip 2 0.20 0.40

TOTAL RM 47.71

ALL TOTAL RM 100.27

From the Table 6.3 and 6.4, the total price for Alarm System Using Body Detector is

RM 100.27. This price would be much lower if the production of this project is

higher because the single components prices will be lower. Besides, RM 10.00 will

be cut from the exact prices shown because the battery is not being provided by the

production, but must be provided by users. Alarm System Using Body Detector can

be commercialized due to several reasons which are:

The selling prices will be lower than RM 90.00

Portable alarm system

Small in size and weight

Simple interface with users

With these, Alarm System Using Body Detector would be the best portable alarm

system that most of people want to grab.




CHAPTER 7

CONCLUSION AND FUTURE DEVELOPMENT

7.1 INTRODUCTION

This chapter discuss about the conclusion and project development in the
future. This project has two major parts which is hardware description and software
implementation. Both topics integrate with each other to develop Alarm System
Using Body Detector as a working product that can be applied to perform effective

security system.

7.2  CONCLUSION

As a conclusion, there are seven chapters which are introduction, literature
review, methodology, hardware development, software implementation, result,
discussion and the conclusion and future development that has been discuss in this

thesis for the development of Alarm System Using Body Detector project.

The implementation of this project was successful since the main objective
has been achieved. Alarm System Using Body Detector has ability to perform
effective operation in the real world. The main heart of Alarm System Using Body
Detector is main unit of Body Detector which produce significantly changes when
there is absence or presence of human body approaches. This likely to give way to
PIC 16F877 Microcontroller which acting as an actuator that controls the pulses

communication with the Body Detector unit and powered up the security application.
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Through simple analog RF technology, appropriate architecture design, 16F877 PIC
Microcontroller and PicBasic Programming, the new world of body detection
technology may help us increased security and reducing human intervention in the

security field.

7.3 FUTURE DEVELOPMENT

For the future development, this project may lead to development of Body
Detector network online systems that can be used to grant access authorization of a
large number of computers. Company or organization may have a great security
system as all workers need to pass through only few main entrances equipped with
Body Detector network online system to the building. In this system, all terminals
are connected to a central computer. By applying this system, security area can be

protected against undesired access.

More or less for the Body Detector construction, using printed Circuit Board
will be much likely saving the risk of stability. By having PCB in Body Detector
construction, the probability of gaining high stability is positive. Besides, PCB
makes the circuit become smaller and looks compact, this way, will increasing the

thought to make this alarm system becomes a portable device.

This project could use more modes of operations. It includes the extension of
the sensor by conductive materials and second by the extension of the sensor by
human body. If the positive plate of the timing capacitor C is attached to a metal
sensor, this makes it more receptive to the body’s electric field. This sensor may
have several modes of operations. For the extension of the sensor by conductive
materials, a conductive object is placed on top of a sensor plate (e.g. a drink tin) as
shown in Figure 7.1. This object then becomes an extension of the sensor. This could
be useful to protect a valuable or dangerous object. More interesting still, some
insulating materials is placed between a sensor plate and the conductive object. A
book is shown in Figure 7.2, since paper serves as a good insulator. If the circuit is

suitably adjusted, the object on top of the insulator will serve as an extension of the
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sensor, even though it is not physically connected to it. Now consider that the book is
replaced with a tablecloth, or even a tabletop, and a silver dinner service is placed on
top. The dinner service is now protected by the Detector, without the need for any
wired connections, and without any “electronics” being evident. This could be
useful, among other things, and for protecting items on shop shelves. A variation of
Figure 7.3 which is an unusual one, yet it works, and may have some interesting
applications. The human body itself may become an extension of the sensor plate. In

this case, a second human body which approaches the first will trigger the circuit.

.
Qr__ J
-

mUm

-
=

Figure 7.1: Extension of the sensor using conductive material

Figure 7.2: Extension of the sensor using conductive material with

insulator

Figure 7.3: Extension of the sensor using human body
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Considering the complexity of integrating new technology to produce a
working system, I felt that my project was both challenging and innovative. The
project touched a variety of engineering field including hardware implementation,
understanding new breed of technology, develop body detection through capacitance
theory protocol, writing and testing software. Hopefully with future innovations and
research, this particular system can become the backbone for other researchers’ fields

of study.
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APPENDIX A: Code Listing

13k sk ok s sk s sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk ok s sk s sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s skeosk ok sk sk koo

"* Name :ALARM SYSTEM USING BODY DETECTOR.BAS

" Author : UMMI KALSOM NOOR DIN] *

"* Notice : Copyright (c) 2008 [select VIEW...EDITOR OPTIONS] *
" : All Rights Reserved *

" Date  :10/15/2008 *

" Version : 1.0 *

" Notes *

(E3 . %k

13k sk ok s sk s sk sk sk ok s sk s sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s skeosk ok skokesk koo

define osc 8 'due to 8MHz crystal

trisb.0 =0 'set as output for LED
trisb.1 =0 'set as output for BUZZER
trisb.2 =1 'set as input digital(PULSE)
trisb.3 =10 'set as output for BUZZER

high 1 var byte

SLEEP 3

Loop:

count PORTB.2, 1, HIGH 1

IF HIGH 1 <=10 THEN
high portb.0
high portb.1
high portb.3

else
low portb.0
low portb.1
low portb.3
return

ENDIF
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MicrocHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC1GFET + PICIGFETE
+ PIC1GFETA  PICIGFETT

Microcontroller Core Features:

+ High performante RISC CRU

+ Onily 35 singie word Ingtructions to leam

A singie cycle Insiructions except for program

branches which are fwo cyde

» Operating speed: DC - 20 MHZ cock Input
DC - 200 res Instuction cycie

Up to 8K X 14 words of FLASH Program Memary,

Up to 356 1 & bytes of Data [FAM)

Up to 25 x & bytes of EEPROM Data Memory

+ Piout compatioie to e PIC15CT3BT4BTETT

Intesmupt capakiliy {Up o 14 s0UrCeE)

Elght level daep Nardware stack

Dirzct, Indirect and relative addrassing modes

Power-on Reset (POR)

Powsr-ug Timer (PWRT) and

Oscllator Start-up Timer {0ST)

Wiatchidog Timer (WDT) with it own an-chip RC

oscillator for rellable operation

Programmable code protection

Power 53vng SLEEP moge

Selectabie 050lator optons

Low power, high speed CMOS FLASHEEPROM

Fully satic design
In-Circuit Serial Programming™ (ICSE) va twa
pins

In-Circult Deougging via two pins

PrOC2ES0r readvwite 3C08EE 10 program memory
VWide operaling voltage nge: 2.0V t0 5.5V
High Sink'Source Current: 25 mA

Commercial, IndusTial and Extended temperature
ranges

« LDW-Doweer consumptian:

- =0.6mA typleal @ 3V, & MiZ

- 20 pA typieal @ 3V, 32 kHz

- =1 A typical standby cument

Pin Diagram
POIP
By — - [+ mmecn
FLASEHT a—s[] [] +—+ RS
LT Cp— -

R
RAAHI S e [
BAATOCH w—w [
R
AEOETHANS =[]
RE1TFAHS a— [
BEATEANT a—s[]
W [

L -

8 LK —— |
CECSLRIAT +—]
R OB T 081 - [
BCATICEICCRY a— [
RSP e [
BOWEOINCL = [
RGP e [
ol T—

P-18FBTTATA

SHEEPHE HEEEYHEYHEMEER

[] o Al

[ e AR
0 o= RE
Q= Am

[ +—+ RECAST
] a— um
e v

[ a—= AT
[ == RmTeE
[] <+— RDGPLRZ
1 +—= R4S
[ +—+ RCTERDT
[] e RCERTICH
[ a—s ROSE0O
[ =—= ROGSDASDA
[] w—= RIFER3
[ +—= RIGFERT

Single 5V In-Clrcuit Sarial Programiming capabily

Peripheral Features:

» Tirmeesllc S-0it timencoumter with S-0it prescaler
» Tirreeerd: 16-bit Hmenicounter with prescaler,
Can be Incremeniad during SLEEP wa extemal

crystaliciock

» Timesz: 8-0f timencounter with 8-Dit period
regisiar, prescaler and postsaer
» Two Capture, Compare, PWM modulss
- Capture Is 16-bit, max. rsolution Is 12.5 ns
- Compare Is 16-0i, max. resolution s 200 ns
- PAWM max. resolution s 10-i
+ §0-bit muft-channel Analog-io-Digital converter
» Synchroncus Sarial Port (SSP) with SPI™ (Masier

misde) and FC™ [MastenSiave)

» Universal SyNchronous ASynNchionos Recelvar
Transmiter (LISARTISCH) with S-0it address
detestian

+ Faralle Siave Port (PSF) E-bits widz, win
extemal Fi, W and C5 controls (404d4-nin only)
- EIOWTHOUE GetEcion drcutry for

BroAT-out Riesat (BOR)

£ 2001 Microchip Technaiogy Inc
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TABLE 1-  PIC16FaT4 ANMD PIC16FETT PINOUT DESCRIFTION
Fir Hame P“:: ﬂﬁ E;: '1‘.3: B’"n:" Decoription
OEC1TLEIN 13 14 10 I | emcaosM | Csclitor orystal iInputiexiemal ciock sourte Input.
OSC2TLEOUT 14 15 31 0 — Cscliaior crystal ouput. Conrects bo myskl o resonalor
n rystal cecliator mode. In RC mode, OSC2 pin ouiputs
CLEITUT which has 14 the fequency o 0501, and
derites the Instnucion Cychs rate.
HCLRNe 1 2 1 = 8T Master Clear [Reset) nput or programming voitage input.
This pin s an acfive low RESET o e devics.
PORTA I & bdrectional U0 port.
RADMAND 2 3 15 Ll TTL RAD can also be anslog inpetl.
RATIAMA 3 4 o | o T RAT can aiso be anslog inpt.
RAZIANZREP- 4 s | T} it RAZ can &' be g Inmut or nsgathe
araiog refenence voimge.
FAZANIVRIT+ H g = it A3 [an aiso be anaiog inpat3 or posve
araiog reference voimge.
FALTOCK] g 7 3 8T A4 Can aiso be the ciock Input io the Timesd Smes
Counter. Culplt ks open drin Gpe
RASTEANL T ] = | w T RAS can aiso be araiog inpubd or the shave ssiect for
e synchronous sanial port.
FIORTE |5  bi=dnectionsl 140 port. PORTE can be soft-
WOrE prograrmmsd for intarmal weak pul-up on all Inputs
RECNT 13 3 5 W | TTuET® FS0 can alsa be the sxemal IntsTupt pin.
RE1 34 k] 3 W T
REZ = 8 1 | w T
REZPGEM 3B L] 11 ] TTL F23 can also be the low woliage programming Input
RB4 7 A1 14 | w it FeEmuph-on-change pin.
RES 33 42 15 | w it FeEmuph-on-change pin.
RESPOC i3 43 1 o TTLETR mhemupt-on-change pin o In-Circul Debugger pin.
Sefd programming ciod.
RET/FOD 40 44 17 | wo | Tuet® i mupt-on-change in o In-CIrcwi Debugger pin,
Sefa programing dab
Legend: |winpuf O mooiput 10 = InpUtioutput F = powEr
— = bt uzed TTL = TTL inpus ET = Schmis Trigger Input

Miobe 1: This buffer ls.a SchwniE Trigger input wihen configuned 25 an exbemal inf=mupt.
E: This buffer ks a SchmiE Trigger nput wihen used in Gerial Progmamming mode
%: This buffer s a SchmiE Trigger inpul wien onfigured as pererl purposs 10 and & TTL inpaf when used in the Pamlisl
Slave Port mode o imerfacng o a microprocessor bus)
4: This buffer ks a Schmi Tigger input wien configured in R cedisior mode and a CMOE Input othensise
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TABLE1-2:  PIC16FET4 AND PIC1EFETT PINOUT DESCRIPTION [CONTINUEL)

N EAEE EA B ——
PORTC ks @ bdirectional ¥O port.
RCOTIOSOTICK | 15 1% 2 | ET RCO can aiso be the Tmerd paclialr ouputor s
Timer! cock Input
RCATIOSICE 15 1% = | ET RC1 can aiso be the Timerd cacliabr nput or
Capture2 InputCompans2 uputPWLE oulpet.
RCICCR 7 13 3 | ET RC2 can aiso be the Capturs1 InpubCompans1
puiput Pl output
RCHECUEOL 12 m wm | ET RC3 can alzo be the symchonous serial dock Inpus!
puipat for both SF1 and PG modes,
RCLEDIVEDA 3 = 2 | ET RC4 can aizo be the 551 Dt In [SF mode) o
ik /D (FC miode].
RCEEID M = 4 | ET RS can aizo be fre 551 Diat Cut (5F1 mods).
RCETRC = I o | o ET RCS can aiso be the USART Asynchronous Trnsmit
or Synchronous Clock.
RCTRETT % = 1 1] ET RCT can aino be fe UEART Asynchronous Facsive
or Synchronous Caty
PORTD ks a bdirectonal ¥O port or paralsl siave port
whizn Interfacinsg io & mkcroprocessor bus.
ROOFERD E] | kL] vz | st
RDMPEF o = = | pe | ETTTLM
ROZFEFZ )| i 2 | o | sTTum
ROZFEF3 z ::4 41 e | STTTLM
ROLPERL 7 ) 2 vz | st
ROSFEFS = 3 3 vz | st
ROSFERS = i 4 vz | st
ROTFEFT '] B 5 vz | st
PCRTE s @ bFdinectonal IO/ port.
RELRIVANS g El = (s STTTLA RED can also e red contnol for e parais) b
port, or anaiog Inputs.
RELVWRIANE ] 10 ] vz | st RE1 can also be writs conirol for the parlel s
port, or araiog Inps.
RE2TEMNT 10 11 il vz | st REZ can also be seiect combrol for e parailsl slave
port, or anaiog Inpet?.
s 231 134 | g - Ground reference for kogic and V0 pins.
Voo 13z 123E | 7 - PoesEive: suppiy for logic and 10 pins,
B — | 94728, | 1212 —_ Thiesa pins are not Inbemaly conneched. These pins
a |33 should be =t unconmecisd.
Legend: I=nput O = ouipat V0 = Inputioaipul F = power
— = ok iz TTL = TTL Input 5T = Echritt Trigger input
Mote 1: This bufer |s & Schmitt Trigger Input when comfigan=d as an =xi=mai Infemupt
2 This buffer ks @ Schmitt Trigger Input when usad I Serial Frogramming maode.
3: This buffer s & Schmitt Trigper Input when configunsd as general purpose B0 and a TTL Input witen used in the Paralsl

Sllaws Fort mode [for Intertacing io @ microproosssor bus).

4

F

% bufer |5 & Schmitt Trigger Input when configaned In RC cscliabor mode and & CMOS Input othersise.
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32 PORTB and the TRISB Register

PORTE I an B-oit wide, bi-directionai port. The come
sponding data directon register s TRISE. Sstting 3
TRISE bt j= 1) wil make the comesponding PORTE pin
an Input {L&., put the output driver In 3
H-impedance mode). Cleanng a TRISE bt (= 0) wil
miake the comeeponding PORTE pin an output .., put
the contents of the output Latch on the selected pin).
Three pins of PORTE are multiplexed wit the Low
Vioitage Programeming function: REYPGM, RBE/PGC
and RETIPGD. The altemate functions of thesa pins
are described In the Spectal Faatures Section.

Each of the PORTE pins has 3 weak Inamal pul-up. &
single control b can lum on al the pul-ups. This |s per-
foemid by clearing bit REPU (OPTION_REG<T=). The
weaak pull-up I automatically tumed off when e port
pin s configured 35 an oulput The pul-ups ane dis-
abied on 3 Power-on FResel

FIGURE 3-3: BLOCK DIAGRAM OF
REJ:RE0 PINS
WEE
FRPS
—|_ [ —imias,
Liwka Ll
wm Ham
Y |
[Ln]
Fort _H._L g1
T HIS Laics
o o 1
m L
[ErT
W THIS ‘__r__"_'
RLINES |
-',"1| a o
Rl Port |
EN —J,
FBIMI I,I'H'lll
REAPGM I
; |
Schmil [Sgger
e R Fad
Kol 10 U pow Berve e pr olecbion o W00 and vas
2. o eesise wess polcos, wel B sppecpriste THES
] e commar e B i 0T 100 REGaT o

Four of the PORTE pins, RET-RE4, have an Intamupt-
on-change Teatune, Only pins commigured 6 Inputs an
cause tfis Infermupt o ocour {Le. any RET:RB4 pin
configured 35 an output is exciuded from e Intamupt-
on-change comparison). The Input pins (of RET-RE4)
are compared with the oid value laiched on the last
read of PORTE, The “mismatch” outputs of RET:RB4
are OR'=d together o generate the RE Port Change
Iniemupt with flag bit REIF (INTCOM<0=)

This Infemupt can wake the device from SLEEP. The

user, In the Interupt Sendce Routing, can dear e

Intesmupt in Hie foloing manner

a) Amy read or wiite of PORTE. This wil end the
mismatch condition.

b) Clearfiag bk REIF.

A mismatch congition wil continue to sat fiag bit RBIF

Reading PORTS will end the mismatch condition and

allow 73 bit REIF o be cleared.

The Imemupt-on-change feaure ks recommended for

waks-up on K=y GeDression operstion and operations

wher PORTE i only usad for the Intermupt

feature. Poiling of PORTS Is not recommended while

ssing the Irtamups-on-change feature.

This IntesTupt-cr-mismatch feature, together with ot

ware configureable pul-ups on these four pins, alow
easy Imerface i a keypad and make It possiie for

wake-up on key depression. Refer to the Embeddad

Conrol Handbook, Jmplementing Wske-Lp on Key
Strokes® (ANSSZ).

REQINT s an exiamal Itemupt input pin and ks config-
ured using the INTEDG bit {OPTION_REG <=,

RENINT & discussed In detal In Sacon 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF

RET-AEA PINS

Woh
E“-‘hﬂ
Full-uz
[wtw Ham -
S

W Fork L'H.'_L l._||3-

T HS Laic®

REFD

VR THIS &y ] ": A W

| I, S | Eufer
ROTRE | |

I
D Port |

Sat REF —

_{ .
-
L
From ot Bl o
RET-REL pew En

EN L=3]

3

M HEE
In Barisl Frogremmng Mode

Rala 10 15 ime heve dicde peotechon B VOO0 ared v

Z To enatde wesk pulbucs, s e sppecpriste TRES
bt sl e B FEERFLY S OFT PO _ RIS i
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TABLE 3-3: PORTB FUNCTIONS

Mame Bt Guftar Function

RBOANT i TILST | Inpubiouiput pin or extemal Imemepd Input. Intemal softwars
DrOgrATMEe Weak pul-g.

1 it T Inputioutput pin. Intemal software programimaie weak pul-up.

REZ b2 TTL Inputioutput pin. Intemal software programimable weak pul-up.

FEaPCM™ | o3 L Inptiousnut pin oF progranming pin i LYP mode. Intemal softwarns
DrOgrATMae Weak pli-ig.

G=T bifd TTL InputioLriput pin (with Inbarmupd-on-change). Infemal soffwane programimanie
weak pul-m,

REE bits TTL InputioLriput pin (with Inbarmupd-on-change). Infemal soffwane programimanie
weak pul-g,

RB&PGC bitE TTUST= | Inputiowput pin (with iInbemups-on-change) of In-Clreult Debugges pin.
Inesmial Soffware progrmmshs weak pull-un. Seslal programming dock.

RETIPGED BT TTUST= | Inputiowput pin (with iInbemups-on-change) of In-Clreult Debugges pin.
Inbesmial software programmahlc weak pul-un, Seslal programming datb

: TTL = TTL Inpaut, 5T = Schmis Trigger Input
Mots 1: This bufer is a Schmitt Trigger Input when contigured a6 e exemal intemupt
Z This bufer is 3 Schmitt Trigoer Input when used In Sertal Programening mode.
3 Low Voitage ICSP Programming {LVP) ks anaiied by defaut, which disables the RE3 1O function. LD
must be disabled i enable RB3 a5 an 140 pin and allow maxdmum compatibility to the ofher 25-pin and

40-pin migrangs devicss.

TABLE 24:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

‘alus on:
Aodrass Mame BitT | BItE | BES | B4 [BIL3|BR2Z| BT |BED| POR,
BOR

[TEn, 106h |[PORTE | REr | Pob | RBD | RES | BB | RBS | RO | MO0 | === o= 2
EEn, 196N |TRISE PORTE Dala Difecion Regier FEETRETTEY EETTRETET!
B1n, 181 | OPTION_REG | REPU | INTEDG | TOCS | TOSE | PSA | PS2 | P51 | Pal |1 o |1 o
LEgend: « = UNRNOWN, u = UNchanged. Snaced cells are ol Used by PORTE.

L]
CE MZsC-page 32 @ 200 Microchip Technokogy Inc.
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PIC16F87X

8.1 Capture Mode

In Capiue mode, CCPRIHICCPRIL caplures e
16-bit value of the TMR 1 register when an event ocours
on pin RCZCCP. An event s defined a5 one of the fol-
lowing:

+ Every falling edge
= Evary rising edge

+ Every 4th nsing edge

» Every 16ih nising edge

The type of event Is confgured by confroi bits
CCPIM3:CCPIMD [CCPYCON<30=) When a cap-
ture Is made, the Intemupt flag bit CCPAIF
{PIR1=2=) I5 5et. The Intarupt flag mus be cieared In
M.nmmmmmﬁmln
regisier CCPR1 Is read, the old captuned value Is over-
witten by the new value.

B.1.1 CCP FIN CONFIGURATION

In Capiure mode, he RC2'CCP pin shouid be config-
ured 3 an Input by setting he TRISC<2= bit

Maota:  If the RCCCPY pin ks configured 35 an
outpart, 3 write 90 the pon can calse 3o
fure condion.

FIGURE &-1: CAPTURE MODE
OPERATION BLOCK
DAGRAM
RCIEEP et Flag bt GEPIF

pin Py

Uephre F.'.

et | e |
[ | |
CLFIDEN i

s

L
i
.

B12 TMER1T MODE SELECTION

Timer I'I'I.E-‘I[EILI"II“I'I-Q In Timer mode, I:I'E'}'I'ﬂ'l":l-
nized Counter mode, for the CCP module o USe Tie
capiure feature. In Asynchronous Counter mode, hie

CapiUre DpSrEton My not work,
B.1.3 SOFTWARE INTERRUPT

When the Capiure mode s changed, a faise capture
intesTupt may be generated. The user should keep bit
CCPIE (PIE1<2-) clesr to avoid Salse Infemupls and
should cear the fiag bit CCPIF, Tollowing any such

£hange In operating mode.
B.14 CCP PRESCALER

There are four prescaler sefngs, specified by bis
CCPIMI:CCPIMI Whenever fhe CCP modle s
tumed of, or the CCP moduie |5 not In Capture mode,
the prescaler courtar is cleaned. Any RESET will clear
the prescaler counter,

Swiiching from one caphure prescaler fo another may
generate an Imemupt. Als, the prescalier counter wil
not be cieared, thesefiore, the S5t capture may be from
3 Mon-Zam prescaler. Exampis B-1 ENoWs the recom-
mended metod for switching between capture pree-
calers. This exampile als0 cears Me prescaler counter
and will not generate the false” Intemupt.

EXAMPLE 8-1:  CHANGING BETWEEM
CAPTURE PRESCALERS
CLREP OCP1008 : Turn OCF module off

BIVLH KW CAPT 75 ; Load the W ceg with

: the new :.!::l-\:;:-r.r

:; mave waloe and COCP O

BOVHE  OCP1CON : Losd OCPICDR with thi
: walum
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82  Compare Mode

In Compare mods, e 16-tit CCPRY register vaiue Is
constanty against the TMR regisier par
vaile. When 2 match occrs, the RCHICCPT pins:

+ Diiven high

+ Diiven low

. Remains unchanged

The afon on ihe pin s based on e vake of contral

bfis COPAMICCPMMD [CCRHCON<ID=). Al the
same time, Intemupt flag bt CCRIF |5 sat

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
Specsl evert Tgger wil

spuet Trroar], bt sk et irbnemapt g bt TWARTIF (PR sl
e et B GOV [ADC 0N

Spacl Event [ rigper

Sl Flag BRTCFIF
lglir o]

RLALCM |:'.'I"I"E1H :\'.'I"I"E'ILl

=n

@Tru SH o

L:u:-

K ;
TS '1[ |::[
; T§ATH| THiRL
Duipad Enble s ocd

Wt o

£21  CCPPINCONFIGURATION

The Lser must contiqure the RCZCCAT pin 35 an aut-
put by ciearing the TRISC<2 bit

Wole: (Cieaing Tie CCPICON regster wil farce
the RC2CCP compare ouiput latch o the
detaust low level. This s nat the PORTC 10
3 e

822  TIMER! MODE SELECTION

Timeri must be running In Timer mode, or Synchro-
nized Courter mode, I the CCP module Is using the
campare feare. 1n ASTChONOUS Counter mode, the

compare apesation may not work.
B23  SOFTWARE INTERRUPT MODE

When Generate Sofaare Intsmupt mode I chosan, the

CCP1 pin s not aflected. The CCPIF bits sat, causing
aCCP Iniamypt (I enabed).

B24  GPECIAL EVENT TRIGGER

Inthis mode, an Inemal Rartwars oger s generated,
which may be used o Inltate an acson,

The Epecial event rigger ouiput of CCP1 resets the
TMAA regisier pair. This allows the CCPR1 register to
effeciively bea 15-bit programmaie period register for
Tmeri.

The Epecial event frigger cuiput of CCP2 resss the
TMAA register pair and starts an AD conversion (f the
AD module ks enatied),

Nolr The specid event om e
GCP1and CCP2 madules wil not set nier-

Ut 139 bt TMRAIF (PIR1<{=).
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TARI F12-2- (APACITOR 5F1 FCTION FOR

CRYSTAL OSCILLATOR
C
cecType gr:? Cap Nange [Cap.Rangp
R ETTE TS BOF
WONE | 15pF i
N ECAREETEIEETG
Wz EpF B
TNz EpF B
HE | 2wz 53 i
AT
AMEZ | 15330F | 1593 pF

Thass ¥aIUS8 are Tor gesign guIdanca only.
Size notes Toilowing this tabie.

Crystals Used

32 kHz | Epeon C-IHRIZTESK-A | +20 PPM

200KHE | STDXTL 2000008HZ | + 20 PPM

1MHz ECHECHIHHA + 50 PPM

4 MHz ECH ECH0-EH + 50 PPM

GMHz | EPSON CA-301 EDDONM-C | 2 30 PPM

20 MHz | EFZ0N CA-301 20.000M- | + 30 PPM
c

Mote 1: Higher capaciianee Increases e sablity
of oeciaion, but ais Ingreases Te s
up time.

Z: Since each resonatoraysil has s own
characienstics, the User should consult the
resonaDeicrystal manutacturer for 3ppre-
priate values of extemal componens.

3 R, may be required In HS mode, 35 wel
35 XT mode, in avoid overdiving crystais
Wi low drive: level speciication

& When migraing from other PICTkrD
devices, osciiair perfomance shoukd e
verted.

12731 RCORCHIATOR

For timing Insensiihe appications, the “RC" devica
option offers addional cost savings. The RC cscllator
frequency s 3 funcion of the suppiy voitags, the resis-
'.LH'I:HEP.T: and capacior {CexT) values, and the operal-
ng temperature. In addifion io this, e csciiator
frequency will vary fom uni to unit due to nomial pro-
EE‘&-‘E-FI-].IH"I"EIHI.'II-IH'. Furthemore, e diferencs
n lead frame capacitance between package types wil
als0 afiact Me oscllation frequency, espaciall for Iow
CExT walues. The usar also neads to ke Into acoount
varlation dus to toierance of extemal R and C compo-
nients Used. Figure 12-3 snows how the RIC coming-
#on Is connecied 10 the PIC1EFETX.

FIGURE 12-3: RC OSCILLATOR MODE
¥oao

ﬁx'-_‘!_::

QBC1 [, ﬁ:

.-
Lo b?ﬂ_;:-imm
Vag ; =
“S— DECICLEOUT
Fascd
Recommended valees: 3 K+ Ream s 100 ki
CEXT * MpE
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General Description

The Maxim G TESS ard ICMTSES arg respactively single
and dusi general purpose RC fimers capabla of genes-
aling accurate fime delays or frequencies. The primany
feauri & an extramaly low supply current, making this
derica iganl for batery-powered 5. Additiora) lea-
baras inchude lew THRESHOLD, ER. and RESET
purranis, @ wice operaling supply woltage range, and
impraved periarmance at Righ frequencias.

Thesa CHOS |ow-power devicas offer Sgnilicant per
formance advantages awel e standard 5288 and 556
bipolar timars. Low-powar consufglsan comninad wih
tha wirtually pon-exiglent current spike durmg outp
frarcitions, make fhese tmers the optimal solulion in
marty applicaticns.

Pulsa Generabar Pulse Position Modulation
Prapigsan Timing Saquential Timing
Time Dty Ganpration  Missing Pulse Detecior
Pulse Wigth Modulation
Pin Configuration

Top View safi] -

TR | 3 | [1] riciikB e

oyt [7] ¥ | TALESTLD

VRT3 O
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MAXIV

General Purpose Timers

Faatures

# Improved nd Source! (See Jrd page for

“Maxim Advaniage™).

# Wide Supply Vollage Range: 2-18V
# No Crowbarming of Supply During Output
Transition

+ Adjustable Duty Cycle
+ Low THRESHOLD, TRIGGER and RESET

Curenls

# TTL Compatible
4 Monolilhle, Low Powar CMOS Design

Ordering Information

PAAT TEMRA RANGE

CMTSESIPE  -2000 ko oRSRE
CMTSESIIA 30 C to +BE*C
ICMTSE5ITY =20 fo +B5°C
ICMTSS5MA 557 C to +128°C

B Lawd Plastic DIP
i*C__&Lesd GEROIP
T Can

B Lead CERDIP

ICMTSS5MTY 55°C o #1265 0

TO-89 Can

ICMTEESIES,  ~20°C o 4855 C
ICMTESET

8 Lesd Bmall Dutlins |
Diczh

oG b + 70 G

| IGMTSSEIPD_-07 G to +08°C
ICHITSSEMID 557G ta +125°C
[ICMTBBGISD _-20°C to +B5°C
IGMTESE' D

2 Lead Plastic DI |
W Lead GEADIP
14 L] Sl Qurtlires

Dica

B C e T

Typical Operating Circuit

|.|+

| Bl |

AAKLM
PEMTESS

mml’:"f

QUTPUT

Fresquency Gencraier

L

'

{Dpade Copia? (Hagram — Figure-lal

The Wk Advaniage™ 2ipnifies am upgradad aosiTy vl AT a0 adtihiomal cos! wi offir 1 386anil-siunca S Rha (1 suiiee! o T

Inipming. Juarsmesd parformane
Eh TCRTANIES, whav mascied, that AUl in eoproved porkantiance

AAAKL AN

it Iamparatee song mﬁ'.!in:?':ln:lr resr

rpacificelinis 00 MBYY Aoy peamelan @il vkl

ol oy D fameamain.

ianint injegraded Proctects 1

9SSLISSSLINOI
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General Purpose Timers

ABSOLUTE MAXIMUM RATINGS Hote 1)

Supph Volage e +18 Volts ICMTEEEISA (Maxim), , . =B o +ET
Ingd Vnllage  TREGGER ICMTEBBIRE . .. -30AT I 48550
Coniral Veltags THRESMOLD =" +08W o= -03v ICMTEEREITY . | = | AR
REGET ICHTSSPT R .. =30P0 fp+B57
Output Cureant ... . 1M ICM755EMTY B - i R Lre-
" ICMTRBENAD . . ~BEET i+ 10500

Pos Dietiplion®  (CMTSSE. .. AN
Dhesspaton :ﬁ;ﬁ D H0mIN Siovaga Temperslee . =BACip+ 180T
Deiewineg Toriparilune Rirge Lea Tamparature [Soldenng &0 Secands) L

M TSEELLA (Maxim). .. . L =HEC #RERD

Stragnsec st thoes lieted under vkt Masinum Falings iy ciss peeminen | demagn b the Sevica. Thoss 3 183 i s ok asd luschess:
Gzt ation cf thil deics § haen o any of=a7 GondBong B00wD thaoda indicated i 1% csrabonal secloim of te speciticalizns 5 el inpied, Exposrs
oy dbeabeliz aerru ral mg sor e dor e ng caviods may affect des oo i iy

ELECTRICAL CHARACTERISTICS

O = 43 4 M volie Ty, = 35T, Unbess Nakad]

VALLIE I
FARANETER FTMBOL TEST CONDITIONS Wik | TYP | MAX | LwiT§ i
T
Supoly vallage v TP AT 3 al v |
AR Tat S i L ]
Supply Guran 1 i ICHATESE W & | s Y
VS RN [ w0 | .4 |
I MG v 20w | a0
R ¥ M| | ab
Timing Erroe B Ap = T & 100k Yy
g iuF
Infal Azguimey Mo 4 b L14] By
[ wath Tempe phune Mo 4 e Ay E] pami
W W ] i
W om IR L]
Dt wath Sy Vislipge Wo Ry [og | 30 | ww
Trrean k] Vomhg | ¥in ¥ oo By R we
Trrgger Voitage ‘!'u'rh:. T CEREER I v
Tiigyes Cofein] i R . 5 oA
LA 14 ol
Wa i pd
Teyesnod Curngal e LAER! 1 i ol
V' Iy 1] né
) e o 1 oh
Ausal Cyrrani g Wapser - Oround LR ) 130 né&
L1 byl hE]
i Vo W {4 oé
Flaawt Yoliage L LR 1 04 | OF | v
IR R fia F K] )
COnbD Mg Lasd Wy Vim B 0EF | 066 | 067 L
Culput Waliage Drop E ClpulLe VIR et R2WA | a4 v
L1 Ik = B2 A nee | ood ]
Chalpuil i Ll ] Iaiddd = 10MA | 172 | 10 v
| o L lepymcy = LOmA | 40 L& ]
Ve Timiod Cuitpuil I [T =T [}] oo MpF W e N -] 4 _."_. g
Fill Timan of Cuilaat f Py = 1M1 L= 1pF W =iy ¥ ] i ru
Gt a e Wan (7 Fraq | teas | Astabls Ciparalion "0 Wz

Hatn 1: Dug In fg SR sirugling Inhent i the CAOE paoaias wid 12 Sabrcite thasn devcns, conreding sny lominal oo 6 volisge peeaier e
OO o e than 0 —CUBY mey ceuse destrectiva knchup For thie naasen i s esanmainag Hal ne inpuis fom ssteme’ ssimaes ol
Cpiraing frar thi same pesser supphy =0 apeled [ he cedice bifan s poser SUpoly B anlEbeshad. |7 Mul@la sasrs 1B aspply ol Sin
12 BT SR8 1 Do imvead oo Tt

Heala 2 Jurcho lemgarslun should rof aeceasd 157G and fhe power disspal o must b e 10 20m e 18550 B ks 1250 powe disspstion
mpy B ngreamed 0300 a9 2T el [ i DR nITAL by W (TS o 2w (TGS

Waie & Thasmpoly corenl vilus :Q||mlulyndlpinwn1:lﬂ'qTﬂll:lﬂEﬂ;THHEE.I-I}LDWHEETwwu

Kot & Parsmeelee ix nok 1007 bested], Maloriy of ol it meet v soecication,

TV MZIT CNaRBE Witz above arm  rapacolon 08 BOeTon of inksts e | RI 108 | e Dot Tiio benh !

Y AV B N TiEw by Svavm g Lfevcsl s DO ES ek AT D0 SOSO/DRTIED WY A Speeabicalions Tha TTichical Charcheieves MRS mang
s e cisarripfias ANTATDER D M ARGl Sin Llicfura ' dala shast has s rciiced in M dee et Boisly v G OMBATOND pUADdEGL

1 A AKX A

9SS LISSSLINDI
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MAXI/N
ADVANTAGE™
General Purpose Timers

+ Liowes Supply Curnant # Guaranieed Discharge Guiput Violkage

+ |ncreesad Output Source Currant # Supply Current Guaranesd Ower Tampatsluna

' an;mmnimﬂm,mmmnwnsm + Significartly improved ESD Prosection (Note 6]
mpud Curranis

+ Maxirn Cuality and Redability

AEEDLUTE MHUH HlTlHGE ik chirwhCi £ 0PIOHTRS 0 i Al hube Mazin um Rabngs or adjacen] paga,
EI.E:TH':A.L EI-MH#ET I-STK.‘-E Spcilicons Bolow sl vor axcesd Bl Seend” paremet s on adiceni nai.

[ m o+ 2 +BWDE Ty = 2650, b s Aobad |

PAHAMETER EYMBOL TEST CONDITIONS MIN | TP [ MAX | UNITS |
Sungly Vg Fyr -2 Tas ~BE°C 2 hws | v
=h500 Ty 412870 _ ] 1t W
Suppiy Gurranl i* G TS Vo= DHEEV Ta = ravn o |30 | wA
{hizite 3 V' o= W Ta om HI5'C | A
LR TR e MR Dl i | A
Vo= B -BEOC £ Ty = #125°C k] ol
ICM 7555 Vo= BIESV, Ty = #3570 60 | 580 | A
Voe B Ty - eliG HO | mA
Voo BV DIPE < Ty < 4BEC 500 | b
VoSV EEC S Ty C B0 |k
Tening Erar [Haole &) Cirut il Bigura 181
Fa= Ry = 1000, C o0 5F ey
Initial Apciracy PV T %
{Hote & |
Dvill wilh Temperatae 'l': S an | | ppmfeC
I'II - 15" 15 pm oG
'.'_ = 5% 0o ppmieC
| D witn Supply Votags ¥y i 130 | %W
Threshokd Soitage ey | V=S - OES | DBg [ 067 | ¥
Trgger voltaga Vimn | W s Y ETEEI EEN G
Trigger Cumemi e | V" =WV a0 P
sy 0 e
N — ey |8 1 1)
Threshodd Current Ith Vo= Y 50 ik
vt ey g pA
| vt =gy | 1 &
Fenst Curmmt Ihgt | Vneser=Geound 47 - RSV a0 -y
W= 20 L
. =g 2 A
Flaset Yolage WRaT | 'I.I'I=I!-.5'|' G | @7 | 12 i
V= o4 0T | 12 Y
Eorircd Yoage Vor | V=5 DA |:-_¢s asr | v
Cratgest Voitaga Drog Vo | Culputlo W= RS Iy = P0A 0t |oa | v |
VEEEN g =12mi 018 | o4 W
Culput Hi V- WSY lgousce = 20mA | 1575 (1620 W
N =8 lspuapp=20mA | 40 | 45 ¥
Dischargs Ouipul Vous V=5 Igys = 3 2 01 | o4 ¥
Vil al
Flisa Time ol Cupubibone &) | b T Co=10gf 7 =hy 40 | 76 n3
Fal Tire of CutpuliNcte £]] 1 T, = 1M G- I0pF  v° =8 40 | 78| m |
Ciuarantesd Max Dso _
Freg o £ T Astable Operation 500 kHi

Holg 1 Due o ™0 SR % cum e in e CHOS pmooss used o labeiciie Sase deecas, connmeng any fermingl 1 @ wollige giaaler e
L I":I.-‘I'l"un':lll-l-lrc'-'." 023 may caisn dilructres [sishup. For e reggan © i seoommended e i inges imm ecemal soormes nol
Sgaraling fam Iha marma power Su0 Dy be s00 e K O disca balsee e powe sepely 1 estblshiod. W @bl &y e Beppy of fhe
HCMTH56/8 mL b Ll o st o R

Wit : Jurnzain femperalures 5o nof seomod 13550 ind 1 e dasipstson mus be I 1 E0MY ot 12550 Bk 125 powr dusipalion
may o incrasodw 30 al 2500, Dpratng tschor |5 Rpoeco markaly SN0 | TE58) or Smé [ TERE

Moas 3 Thisse sty curnintsius ts eesantal y iedesendent of i TRISEER, THRES HOLD AND RESET vatiapes.

Mo 4: Parameter i rat 1004 iostod Majcei iy o all unts mea) Bhis spscficarine

Noda B: Dursiatat bl = 18BN, & 2 RLIC, W = 5

Wt b A ple e e e b wilTs land sl boatiis disehargs (500 beenie in mezess of 000K, W91 B4 BEIE, Mutod 3015 1 Tagt Sl )

AKX 3

O9SSLISSSLINDI
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1N4148.1N4448

\4

Fast Switching Diodes

Faaturas

= Ellicon EpRaxal Planar Dlodes

= Eleciically equivaient dodes: 1h4 143 - 1N314

TRA44E - 1NI14E

Applications
Exireme 1ast awhiches

Mechanical Data
Case: DO-35 Glass Case
Wedght: approx. 125 mg

Packaging Codes/Options:
TR/ 10 k per 12 * reel {52 mm tape), 50 kbox
TAP /10 k per Ammopack (52 mm fape), 50 kbox

Vishay Semiconductors

Parts Table

mart Type difermniiation Drdaring oods Ramaris
18148 Vi = 100V, Vi @ | 10mA =1V [ INMETAF o TH4148-TR Ammopack | Tas and el
H&LE Vi = 100, Vi @ k& 100 MA = 1 V| 1NAMETAF o TH444E-TR mmopack | Tans and Al

Absalute Maximum Ratings
Ty =25 °C, LNiGss otvarwisg speciad

Tk Tess! oondiion Symbal Vs Unk
Fapaiitve pak roverss viitage e fimo ¥
Fversa volige Vg = ¥
Fraak lonward surgacumant =1 [ 2 A
Repaiitve poai iomeend cumant [ Em ma
Forwerd ousmant [ 0 ma
Hwwrags lorward oument V=0 ks 50 ma
Fomer clssipation =4 mm, T, =45°C Py 447 W

=4mm, T, sE"C Py Em iy
Thermal Characteristics
Tt =25 °C, unigss oihcrwisa spaciad

rmakt Tass! nondion Syl Vs Unk
Junction amblend =4 mm, T, =oconsian P 350 W
Junction temperatura Ti o "G
Elorage |omperTiure mnge T.,g - E6 I = 20 "

Dooument Mumber 85521

Figw. 1.6, 22-Kor04

W FEON.C O

100
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APPENDIX E

7805 Voltage Regulator Datasheet
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I
FAIRCHILD

B RO RO TR www fairchildsemicom

KA7T8XX/KAT8XXA
3-Terminal 1A Positive Voltage Regulator

Features Description

v Chutpret Corrent wp io 14 The EATENUEATENNA warios of three-tarmimal positve
v (Cutprat Voltages of 5,6, B, 9, 10, 12, 15, 18, 24V ragulator are available in the TO-X30D-PAK package mnd
v Thermal Cvarload Protection with sevanl fixed outpet vologes, maling them nsafel ma
* Short Circnit Protection wids range of applicatioms. Each type employs intmal

* Chufprat Tramsistor Safe Operating Ama Protection creat limiting, thermal skt dows and safe operating ama

Protecton, making & esseatially indsvuctble. If adequate
heat winking is provided, they can diliver over 1A outpur
careat. Althoesh desimed primanily & fived volzge
Tagnlabors, thess devicss can be weed with extemal
Components o obtein admetable volges and comms.

£

1. Input 2. GHD 3. Ouipes

Internal Block Digram

T BT (T
& . AR
1 | LT 3
CuPATHT RO
Gl el bl
|
| |
l {
|
L FTERIHIL LHIz 1 |
ERCLET WO TR AL L] .
' |
i
TR _I
FROERITER
J. i 0D
< — o
]

Rev. 1.0.0

G200 Fairohild Bamioond ol Compoikon
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Relay TX Series Datasheet
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wll s

= 2 A CAPACITY RELAY
Panasonic | ‘winchsurce [ VR =T AV
X ? VOLTAGE & HIGH
ideas for life BREAKDOWN VOLTAGE
Al i FEATURES .
.‘l'!:; {.-" - * Broakdown voltage batween comtacts and ooil: 2,000 Y
g g * Surge withatand batwaan oontcts and ooil- 2,500 ¥
. o~ *High contact capacity: 2 A 30V DC
g * Burface-mount type ovailablo
AR
Aok Directive compatibiity information [T.EFL Maximum Switching Currant Mow Avaltahln]
hitpeifw.nals-2.comi
SPECIFICATIONS
Caontact Charscteristios
Armngement % Farm G il Pt rassanca W, 1,000 M. | 500 ¥ 0]
Initial contact rosslmnos, max ik Behwaan opan 1,000 Ve o 1 i,
[y woitaga drop 6V OG 1 A] oL nortacts { Dislaction curranl: 110 mA)
Etandend cortnct: 1,000 Ve o 1 i,
Ag+is chad, AgPaoontact w Betwean contad 835 | oiorien cuman: 10 mAy
R — (o d Bewancontatand | 2000V i mi
*"JF“I’;"- Ui'-'\!':“m"ﬁ'l- ool { Cealiaction currant: 10 mA)
- Bitwian opan
Mominal swiching capacty 2 ATV [0 portacts 1,500 ¥ [FOC Fark 62
fraisiva koad) " ;E;ﬂ@ﬂ 10180 ps) !
Mz, swiching powar . Etwean contats and
e [rasistva ioad) Fi ool {210 | oy
M [Max swiching wtage ke Temparalur fsa” (1 20°C) e 5T
M. swicining cums! ZA Cpearain tima [Sal Bmal's [m 2070) WL 4 e [Mm 4 ma]
WAn_ swtiching VEE 3 = :
Rerorca Vil b ks ;ﬁ;“-ﬂm' M. 4 mes (M & ma]
40 N [1 590 24V DG :
Momingl |Gk Sk statia 70 1['4&';:-:;- h Shoci s F“m:,‘ “:ml ﬁlmm':":;aé
“"“3”“5 1 ool Imicting 00 AN {1,590 24 ¥ OC) S ' —
pow " = - | 108 mi= [E0G], 1010 55 R
% ool Imiting 200 i {1 50 24V OC) Functional gt doutic ampide o 3.3 mm
Macharical jai 183 cpm] i T —— we | 9% M [0G], 100 55
Expactad ZAI0VOC e Eh— st doubls ampifuds of 5 mm
lfajmin.  Elocrical | raisihe Conditions for = o 5G| 'l.pl:-:-.?-l'l.'-:-:l
Opsaraions) (m 20 cp) 1A B0V DG o aps RO, trrepart. | Ambiant HIBEF (Up ko 24 ¥
Rkt and sior fempamire= -4'.'I'“"h:| m:w'.':-:l
e [ h;gmul-u +15E°F 4BV oall
§1 Thin sl can chweee dum o e seiching hegancy, il corltorn, oondens - —
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-7.5A Inrush current rating
- 2.4V coll voltage option
- Industry standard footprnt

Sea Note 3 under ordering information for
part number salectlon
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APPENDIX G

2N3819 N-channel JFET Datasheet
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S o Hetad | Cudnbeer HH0

» Gpagiind 51 100 M

= Low cosd H:l
= ufcinaths Faaiion packape. :

106

I -oraanneed panciion fieic-efinci
hrareeing in & pleestie TO-30
arsiand. s infandied for use in
general pompnes smnifiers aed oo
A sy SRR

Fhilps Companenis

M-channel J-FET

2N3B19

Lkl TiG Wb L inES
by dooordiemae with The Aloachrte Maskeom Syetes 1BC 134

HYMBOL FARAMETER CONCITIONE | MIM.

W R e e =

=¥ Eie-touece vollags :‘_n"'li' -
o=

W Ermegpal i sl E o SOereE | -

1 h-—u

h -
Plara tovind poraenr Torn =25 | -
i g ne

ilﬁt{g

|dd§

|
i e

Fig 7 ol pepeser chggipaaticn as o hencton of
b I peraioea

Carnies 0 RS0 e



107

APPENDIX H

TLO071 JFET Datasheet



b,

TLOTH
TLO71A - TLO71B

LOW NOISE J-FET SINGLE OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE [UP TO Vigp') AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT EIAS AND OFFSET CURRENT
B LOW NOISE g, = 15nVINHz {typ)
B OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B LOW HARMOMIC DISTORTION : 0.01% (typ)
B INTERNAL FREQUENCY COMPENSATION
B LATCH UP FREE OPERATION

B HIGH SLEW RATE : 16Vius {typ)

DESCRIPTION

The TLO71, TLOT1A and TLO718 are high speed
J-FET Input single operational amplers Incorpa-
rating well matched, high voitage J-FET and bipg-
Iar transistors in a monodtic Integrated circuit

Thie devices feature high slew rates, low Input blas
and ofset cuments, and |ow ofMset valtage temper-
ature coefciant.

PIN CONMECTIONS (100 view)

[Plactic Mioropackags)

DiFa
(Plactlo Faokage)

D
08

ORDER CODE
Paciage
Fart Number | Temperahors Rangs

H D
TLOT TWIAMEA 550G, +125°C & &
TLOT 1 LALEI -40"C, +105"C & &
TLOT1CIACIBE 0, +70 G & &
Examiple : TUOTICH

N = Ol in .rvl-l'ldml'.'-;::!
0 = Sl DuSes Pecksgs (520 - shes wenists i= Teps & s [IT)

/

—_—

el

Arariri

.

>,

I (T R S P T

= st nuil 1

- Inverting Imput

= Kor-inversing Input
- Ill|_|_"

- Cifeet null 2

= Dutput

¥
=HLC.
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APPENDIX I

BC549 npn Transistor Datasheet



Phillpe Samiconductors

NPHN general purpose transistors

FEATIMRES

s Low curment (max. 100 mA)
« Low voltage (max. 45 V).

APPLICATIONS

« Low nolse stages In audio frequency equipment.

DESCRIFTION

NP translstor In @ TO-32: SOTS4 plastic paciage.
PNP complements: BCS59 and BOSED.

ORDERING INFORMATION

110

Product speciication

BC549; BC550

PINNING
PiN DESCRIPTION
1 EfTitEr
2 base
3 collector

Fig.1  Simpiified putine (TO-52; SOT54)
and symiool.

PACKAGE
TYPE NUMBER
HAME DESCRIPTION VERSION
SCS4IC SC43A | plastic sngie-ended leaded (Ihrough hole) package; 3 leads SOT4
505300
LIMITING VALUES
In accordance with the Absolute Madmum Rating System (IEC 60134}
SYMBOL PARAMETER CONDITIONS MIK. | MAX | umIT
Viezo collecior-base voitage open emitter
BCS48 k! v
BCSS0 50 v
Vezo collecior-emitter voltage open base
BCS40 k'Y v
BCSS0 45 v
Vemo emiter-base voltags open colector B v
I coliector curent (OC) 100 mA
™ peak coliector cumen 200 mA
e peak base cumant 200 mA
P ol power dissipation T s % 25 °C, noE 1 00 Y
T SlDrage Emparare & "3 |
T, |unction emperatre 150 C
Tumt amilent temperatre & "3 |
Nots

1. Transistor mounted on an FR4 printed-clreutt board
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Philps Semiconauctons Product specificion
NPN general purpose transistors BCS49; BC350
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Fodal thermal reslstance $om junction to ambient note 1 250 KW
Nists

1. Transisior mounted on an FR4 primed-cicut boan

CHARACTERISTICS
Tarss ™ 23 °C Unisss ofhenaize specified
SYMBOL PARAMETER CONDITIONS MIRL | TYP. | MAX | UNIT

o TR0 D36 CFON GO, Vg = S0V, I, =0 A S N EFE )
V=WV =0AT=10°C |- |- |58 |uA

ean emiRer-base cuf-of cument Vgg =SV, | = 0A SR I FT N )

i D-':l::LlTE"Tl?rI "iln;L'El'il:SEEF'g:'.'

le =10 A - i
I =2 mA 42 (520 |8

Vit collecior-emitter sauration witage (L: = 10 mé&; 1= 0.3 mé - |23 (mv
k= 100 m&; g =5m& - A0 |60 (mv

Vg base-emitier safuraton vofage L= 10mA; ly=05mégnote 1 |- o |- miv
= 100m& ly=5mé; nate 1 |- o |- miv

Vs base-emitier viitage Weg =5 I =2 mé; nate 2 580 (660|700 |mV
Weg = 3%, Ig = 10 mé; noba 2 - - o (m

c collecior capaciiance Veg= 10 g =l =D& - 13 |- pF
I=1MHz

T, aminar capaciance Vg =05V, =L =0A N FTR B =
f=1MHz

il fransition frequency Vg =30, b = 10 mé; m |- - lHz
=100 MHz

2 Toise e Vg =5V, | =200 b&; - [z |®
Rg=2 KL T=10Hz 10 157 KHz
Ve =3V, e = 200 p& - - |4 |E
g =2 KL T=1KHZ B= 200 Hz

Niotes

1. Vi U207E3885 Dy 30wt 1.7 MK wilh Increasing temperaiure.
2. Wiy decreases by about 2 miiK wilh Increasing temparature.
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APPENDIX J

Potentiometer Datasheet



Model P160

16mm Rotary Potentiometer
Conductive Plastic Element

100,000 Cycle Life
Metal shaft / Bushing
Multi - Ganged available
RoHS Compliant

113

Sida Adjust . Solder Lugs M EDENE
Sioa Adjust, PG pins P1EDEM
Zida Adjust, PC Pins, Long pins PAGIEMNE
Bear Adusl, PC pins P1EIKNPD
Fasktance Range, Chms BO0-1M
Sienderd Aesislance Tooenoe t+ 30
Rasidual Raskiance 210 ahims MEE
Power rating Input Vollepa, magmum 200 Ve mex
Piower Baled Watls 0.2 - B fapar, 01W-othars
Diedecinic Strength B0V aC, | minuie
Ireuigtion Resiance, Minimum 1006 ohme 3t 250V dc
Sliding Molse 100mY mEx
Achmal Elactncal Treved, Mominal b 7

Toltel Mechenical Trael

3004t 10¢

Static Siop Sirangh

80 @zZ-in

Folelonal Torgue, Meximum

2.5 @Z-in

ENVIROHMENTAL
Oparaling Temperalura Aange -30°C {0 470°C
Roletmnal Life 10,0080 cycles

! Epegfcaions subieo o change without nolica.



Model P160
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ORDERING INFORMATION

- -
- -~ oy
o -
,.-.-' '"-ff-;lll I| ". \\.\ Tl:l-a] Fﬁ.smr{e

Modal Seriag )
styie < //f" ’ / I'H.I \'m Tapers
Dt - f \ H & Lo
E - grﬁ'lf:lrgtﬂl ;I; ll".l \ = Fevarss Audo
5: 2} Eg:ﬁ III.- I". Zhatt Lengm 1" a8 halow
4 - 41 Detantz Snaf Type Full CCW Shaft Position: 588 baiow

Shatt Types
E-TWVE F-T4vFE TFE
] [ '1-1
= =
3 T
e |
. L T |
I I R R R A I EOEEE

Shatt Postdon (F-Type Ehaft)
Ciashed inas on Typa <C° and Typsa *A” shows pasion of adjusimant siof for E-Type and G-Type shafts

ETANDARD RESISTANCE VALUES, OHMS
SOK 100K

500 1K 2K B 10K 20K 200K  GHI0K 1MEG

VW o A AAAMOAA A
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