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ABSTRACT

Bluetooth is a technology for automatically identifies something using radio
signals. This project is basically to assist parent to keep an eye on the children by using
Bluetooth technology. It is a system designed for the supervisory user (parent), to
supervise the child when they are out of sight. It consists of a portable module to be
worn by the child, complete with wireless system. The module will alert the parent when
the child is moving outside the predetermined area and if the tag is no longer attached to
the child. There are three important things while developing this project. First is the
selection of the appropriate Bluetooth module in order to reach the needed specification.
The second one is the software implementation to integrate the Child Monitoring System
using Programmable Intelligent Computer (PIC) microcontroller to interface the
Bluetooth module consecutively to control the system. Lastly, a temperature circuit
functioning as a sensor to detect either the child is wearing the tag or not. Bluetooth
Child Monitoring System aims to benefit families by preventing missing children when
they are out of sight and providing parents with a constant awareness of their children’s
whereabouts. Bluetooth Child Monitoring System use Bluetooth Technology between
parent’s module (receiver) and child’s module (transmitter) to establish simultaneous

data. It allows for a secure and wireless connection.
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ABSTRAK

Bluetooth merupakan satu teknologi untuk mengenalpasti sesuatu menggunakan
Isyarat-isyarat radio secara automatik. Projek ini menyediakan satu penyelesaian yang
efektif dengan menggunakan teknologi Bluetooth berkenaan isu pengawasan ibu bapa
terhadap anak-anak. la merupakan suatu sistem yang direka khas untuk pengunaaan ibu
bapa untuk mengawasi anak-anak apabila mereka berada di luar kawasan pemerhatian .
Pengesan Kanak-Kanak Bluetooth ini terdiri daripada satu sistem tanpa wayar yang
boleh dipakaikan kepada kanak-kanak. la menawarkan keupayaan mengawasi kanak-
kanak di dalam ruang lingkup yang tertentu selain mengeluarkan amaran jika Pengesan
Kanak-Kanak ini tidak lagi bersama kanak-kanak tersebut. Produk ini mengemukakan
satu sistem amaran yang melaporkan kepada ibu bapa sekiranya anak-anak keluar
daripada persekitaran mereka. Terdapat tiga perkara penting dalam menjalankan projek
ini. Pertama adalah pemilihan modul Bluetooth yang sesuai. Modul Bluetooth yang
sesuai perlu dipilih dalam usaha untuk mencapai spesifikasi yang dikehendaki. Kedua
ialah pelaksanaan perisian menggunakan mikropengawal PIC bagi membolehkan Modul
Bluetooth untuk mengawal sistem. Terakhir, litar suhu yang berfungsi sebagai pengesan
untuk memastikan sama ada kanak-kanak tersebut masih memakai Pengesan Kanak-
Kanak Bluetooth atau tidak. Pengesan Kanak-Kanak Bluetooth ini memberi kemudahan
kepada setiap keluarga dalam menangani masalah kehilangan kanak-kanak ketika
mereka berada di luar kawasan pemerhatian. Pengesan Kanak-Kanak Bluetooth
menggunakan teknologi Bluetooth diantara ibu bapa (penerima) dan kanak-kanak
(penghantar) dalam penghantaran data. la merupakan satu sistem tanpa wayar yang

terjamin keselamatannya.
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CHAPTER 1

INTRODUCTION

1.1  Background

Bluetooth is a wireless technology with an open specification for a low-cost, low
power, short-range radio technology for ad hoc wireless communication of voice and
data intended for use in low power embedded system applications. It was named after a
Danish Viking king, Harald Blaatand “Bluetooth” I who successfully united Denmark
and Norway during his rule from 940 to 985 AD.

Bluetooth networking transmits data via low-power radio waves. It
communicates on a frequency between 2.402 GHz and 2.480 GHz which has been set
aside by international agreement for the use of industrial, scientific and medical devices
(ISM). Even with the low power, Bluetooth does not require line of sight between
communicating devices. The crucial part of the design is to make sure that it does not
interfere with another. Bluetooth can connect up to eight devices simultaneously. With
all of those devices in the same 10-meter radius, it is unlikely interfere with one another
as it uses a technique called spread-spectrum frequency hopping that makes it rare for

more than one device to be transmitting on the same frequency at the same time.



Bluetooth is a standard and communications protocol primarily designed for low
power consumption with a short range (power-class-dependent: 1 meter, 10 meters or
100 meters) based on low-cost transceiver microchips in each device. Bluetooth
protocols simplify the discovery and setup of services between devices. This makes
using services easier because more of the security, network address and permission
configuration can be automated than with many other network types. Bluetooth makes it
possible for these devices to communicate with each other when they are in range.
Because the devices use a radio communications system, they do not have to be in line
of sight of each other. They can even be far apart if the transmission has sufficient
power. In most cases, the effective range of class 2 devices is extended if they connect to
a class 1 transceiver, compared to a pure class 2 network. This is accomplished by the
higher sensitivity and transmission power of Class 1 devices.

Bluetooth systems create a personal-area network (PAN) that may fill a room or
encompass desired distance where when it is established, the members randomly hop
frequencies in unison so they stay in touch with one another and avoid other network
that may be operating in the same room or area. It unleashes the concept of “hidden
computing” by providing radio devices “unconscious” connectivity without the user’s
proactive intervention. It provides a bearer service for wireless (WAP) applications
which is a wireless protocol utilizing short-range communications technology
facilitating data transmission over short distances from fixed and/or mobile devices,

creating wireless personal area networks (PANS).



1.2 Problem Statement

The lacks of supervision from the parent had increased the numbers of missing
child. Nowadays, there are many cases of lost child occurred at the public area such as at
the mall, amusement park and even at the playground. In such crowded places, parents

are unable to constantly control the whereabouts of their child.

As a child, their level of curiosity is extremely high especially when they find out
something interesting that really attracted their attention which may lead them being far

away from their parents and get lost.

With Child Monitoring System, it can assist the parent to supervise the child when
they are out of sight but the parent have no idea whether the child is still wearing the
module or it is left somewhere behind. Therefore, a temperature sensor is used so that

parents can be notified if their child is not wearing the module.



1.3  Objective

The objective of this project is to;

1.3.1 To design the child part that consists of Bluetooth programming and

temperature sensor.

The purpose of this system is to detect the child within a specified range and
whether the child is still wearing the tag or not. The parent will be alert either if the child
is in the predetermined area and if their child is still wearing the module.

1.3.2 To integrate child monitoring system using microcontroller.

As PIC16F877 microcontroller acted as the host for the Bluetooth module. The
PIC microcontroller needs to be programmed in order to control the system.



1.4 Scope of Project

This Child Monitoring System (child) has two scopes;

1.4.1 Programming the microcontroller to interface the Bluetooth module in

order to control the Child Monitoring System.

By using PICBasic Pro, PIC microcontroller is programmed in order to control

the whole system of Child Monitoring System (child).

1.4.2 Using a temperature sensor for precaution reason of the child monitoring

system module.

The sensor is design so that it can alert the parent if the module is no longer with
the child.



15 Thesis Overview

The Child Monitoring System (child) final thesis is a combination of 6 chapters
that contains and elaborates specific topics such as the Introduction, Literature Review,
Methodology, Architecture, Result and Analysis, Conclusion and Further Development

that can be applied in this project.

Chapter 1:  Introduction of the project.

Chapter 2:  Literature review for the development of the Child Monitoring
System (child).

Chapter 3:  Methodology of the project.

Chapter 4.  Discuss about the architecture of the project that consist the

hardware design and the software implementation.

Chapter 5:  Result obtained regarding the performance of the Child
Monitoring System (child).

Chapter 6:  Conclusion and future recommendation of the project.



CHAPTER 2

LITERATURE REVIEW

21 Bluetooth

Bluetooth is a wireless protocol utilizing short-range communications
technology facilitating data transmission over short distances from fixed

and/or mobile devices, creating wireless personal area networks (PANS).

2.1.1 Bluetooth Technology

The Bluetooth network uses an unlicensed radio frequency at 2.45
GHz with a data rate close to 300kbps. This frequency band has been set
aside by international agreement for the use of industrial, scientific and
medical devices (ISM). The maximum range is 10 meters but can be extended
to 100 meters by increasing the power. Bluetooth devices are protected from
radio interference by changing their frequencies arbitrarily up to a maximum

of 1600 times a second, a technique known as frequency hopping.

Bluetooth networks are ad hoc networks which mean that the
Bluetooth device automatically detects devices within its range and forms
networks with them. If a device goes out of range, the network automatically
drops its membership. This network formation is known as a piconet. Figure

2.1 shows the operation of the piconets.



A Piconet can be a simple connection between two devices or more
than two devices. Multiple independent and non-synchronized piconets can
form a scatternet. Several piconets can be established and linked together ad
hoc, where each piconet is identified by a different frequency hopping
sequence. However, when establishing a piconet, one unit will act as a master
and the other(s) as slave(s) for the duration of the piconet connection.
Devices synchronized to a piconet can enter power-saving modes called Sniff

and hold mode, in which device activity is lowered.

@ Master o
y
@ Slave
. A g
E +*"." ih“-"-\. -"ﬂﬂ'
AR S 'y
] ¢ : T, . ‘,.r-". E ",
T
¢ ]
a b c

Figure 2.1  Piconets with single slave operation
(a) a multi-slave operation (b) a scatternet operation (c) Bluetooth

Special Interest Group



2.1.2 Bluetooth Protocol

Bluetooth protocol stack is the core of the Bluetooth specification that
defines how the technology works. It can be logically partitioned into three
different groups where each contains different protocol layers. The transport
protocol group facilitates the identification of other Bluetooth devices. The
middleware protocol group provides the additional transport protocols that
help new and existing applications to operate over Bluetooth links and the

application group. It includes the actual applications that use Bluetooth links.

The organization of the protocol groups in the transport protocol layer
developed by SIG facilitates the movement of voice and data traffic between
Bluetooth devices. The transport protocol group is divided into two groups.
The lower transport protocol group consists of the radio, baseband, Link
Controller (LC) and Link Manager (LM). The upper transport group consists
of Host Controller Interface (HCI) and Logical Link Control and Adaptation
Protocol (L2CAP).
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The layers of the transport protocol group work together to transport

data from one device to another. The Bluetooth protocol stack is shown in

Figure 2.2.

b)

d)

f)

9)

Bluetooth radio is the lowest layer in the Bluetooth protocol
stack. The design specification is to ensure the development of
a transceiver to comply with 2.4GHz ISM band regulations.
Baseband layer is responsible for the determination and
instantiation of the air interface. The channels for the
transmission of frequency traffic consisting of voice and data.
The Link Manager Protocol (LMP) performs all the function
related to link management. Communication is established
between two LMs when they discover each other.

The Host Controller Interface (HCI) provides a command
interface which segregates the baseband layer and the LM
from the host transport protocols. Thus, the Bluetooth
hardware can be access without involving either the Transport
layer or other hardware components.

Logical Link Control and Adaptation Protocol (L2CAP) layer
shields the higher protocol layers from the operational
intricacies of the lower protocol layer. L2ZCAP supports the
sharing of the air interface between multiple protocols and
applications.

The RFCOMM protocol is a subset of the European
Telecommunications Standard Institute, ETSI standard TS
07.10 with certain adaptations that specifies in the Bluetooth
RFCOMM specifications.

The Bluetooth Service Discovery Protocol (SDP) comes
across as a boon in disguise for the dynamic ad hoc networks
created by Bluetooth wireless communication. SDP defines a
standard method for Bluetooth devices to determine the

available services on a particular device.


http://www.palowireless.com/infotooth/tutorial/lmp.asp
http://www.palowireless.com/infotooth/tutorial/hci.asp
http://www.palowireless.com/infotooth/tutorial/l2cap.asp
http://www.palowireless.com/infotooth/tutorial/rfcomm.asp
http://www.palowireless.com/infotooth/tutorial/sdp.asp
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Figure 2.2: Bluetooth Protocol Stack
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2.2 PIC16F877 Microcontroller

Programmable Intelligent Computer (PIC) is one of a family of
Harvard architecture microcontrollers which made by Microchip Technology,
derived from the PIC1650 originally developed by General Instrument’s
Microelectronics Division. PICs are very popular for the low cost, wide
availability, large user base, extensive collection of application notes and
serial programming (and re-programming with flash memory) capability.
Serial method programming allow the PIC 16F877 to be programmed while

in the user’s system so that it increased design flexibility.

The programmed PIC chips run 20 to 100 times faster. When a PIC
chip is programmed, it is saved as a hex file. The hex file is than uploaded
directly into EEPROM memory of the chip. Because the hex file is the native
language of the PIC, the code does not need to be interpreted as it runs. Thus,
the system enables the programmed PIC chips to run faster.

Programming PIC microcontrollers is a simple three-step process;
write the code, compile the code and upload the code into a microcontroller.
The program code saved as text file. The compiler reads through the text file
and compiles an equivalent machine-code instruction listing (the hex file) of
the program. The hex file is uploaded into the microcontroller and the CPU

will run through the programmed list of hexadecimal numbers.

Because of their versatility, they add a lot of power, control and
options for a small cost. It therefore becomes essential that the electronics
engineer learns to program these microcontrollers in order to maintain a level
of competence and to gain the advantages that microcontrollers can provide

in their own circuit designs.
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2.3 The ionKids System

Recently there's been a GPS system to track a child’s whereabouts in
the market. The ionKids System from Bluespan takes a slightly different
approach to child monitoring. Instead of telling precisely where the child is
located, it uses point-to-point technology to maintain a proximity radius. The
ionKids System consists of a single monitoring device and up to four wristags
using the monitor that can be set to a "safety zone™ of up to 350 feet. If any
child wanders out of the zone, ionKids triggers an alarm. A Find button

activates the locator, which helps to zoom in on the straying child.

The monitor has a tamper sensor that goes off if someone tries to undo
the security latch while the system's active but it has to be held steadily
against the wristag in order to activate it and takes about seven seconds to
become attuned to the watch. The wristag will flash a green light and beep
when this process succeeds. At that point, the screen shows up to
four wristags simultaneously. Each watch can be assign with a name so users
do not have to remember who "Tagl" is. Besides, the wristag also beeps and

flashes when the child goes out of range.

Compared to this system, the child monitoring system is only best
used in a close quarters like shopping malls, short walks and playgrounds
where wandering outside of a tight radius of 20 meters. Besides, the ionKids
system only available in the United States with an expensive price of
USD169.95 (RM586.75) per kit. In contrast, the child monitoring system will
be available in Malaysia with not so highly cost. It has the same functionality
as the ionKids. It triggers an alarm when the child moves outside the range

and also when the tag is loosening from the child.
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CHAPTER 3

METHODOLOGY

3.1 Project Methodology

To begin with any project, a lot of relevant and important information
need to be obtained. By research and doing the literature review, not only a
lot of information can be obtained but also it gain the knowledge of the
technology used in world today. Most of the information that related with the
project can be obtained by surfing the internet, browsing the books and also
with the aid of supervisor in charge.

Research is one of the most important stages in this project to make
sure that this project will be a success. Through these researches, a lot of
information and knowledge can be collected to know which method will
work and which will not. From this stage, the idea to make an ideal project is
generated.

To begin with, the selection of the suitable Bluetooth module for the
system is needed. The most suitable Bluetooth module with the specified
range and other specification must be choose properly in order to achieve the
expected result.
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This project consists of two parts which are hardware part and
programming for the software part. For the hardware part, all the components
used need to be list down to proceed to the next stage. The idea is analyze to
determine whether it is appropriate with the project and when the idea is fit,

the project can be started to assemble.

The circuitry for the hardware is going to be developed. During this
time, experimenting is the most important. If there is any incompatibility with
the hardware, the cause of it must be tracked in order to make sure those

circuits are fully functional.

For the software part, the PIC microcontroller needs to be program to
interface the hardware part in order to control the whole project. After the
integration of the hardware and the software, test and debug the system and

make the verification of the outcome.

The most important element in this stage is to integrate the hardware
as those circuits may behave differently when they are assembled together. If
there is any problem occurred, the system need to be troubleshoot in order to
find the cause of the problem. On the contrary, the project can proceed to the

final report.

The methodology flowchart of the project can be seen in the figure

shown in Figure 3.1.
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Figure 3.1: Project Methodology
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3.2 Introduction to the Project

Child Monitoring System (child) is a system designed for the
supervisory user (parent), to supervise the child when they are out of sight. It
consists of a portable module to be worn by the child that will alert the parent
when the child is moves outside the predetermined area. Bluetooth
Technology is used to establish simultaneous data which allows for a secure
and wireless connection between the child’s and parent’s modules. The
portable module (child) is complete with the temperature sensor which can
notify parent if the module is loosening from the child wrist. Alerts will occur
if the child moves outside the predetermined area and if the module is slacken
off from the child.

Below in Figure 3.2 is the block diagram of the Child Monitoring
System (Child)

+Ve Voot GID

TEMPERATURE
SENSOR ‘

RECEIVE SIGNAL
FROM PARENT

PIC16F877

'f‘

PARENT’S TRANSMITTER
MODULE

Figure 3.2: Block Diagram of the System
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3.3  Flowchart of the Project

In this project, PIC16F877 microcontroller is acted as the host for the
Bluetooth module. The PIC microcontroller needs to be programmed in order
to control the flow of the project. PICBasic Pro is chose as the programming
language and MicroCode Studio is used to compile the program while PICkit

2 programmer is used to program the PIC16F877.

Flowchart of the child’s module shown in Figure 3.3 is created
sequentially to make it easier for writing the program. The child’s module
receives the signal from the parent’s module to build up the connection for
the Child Monitoring System. Once the connection is up, the temperature
sensor will scan and read the body temperature of the child. For the
temperature above 33°C, it considered that the tag is attach to the child while
for the temperature below than 33°C, the system will triggered the alarm
notified that the tag is not attach to the child. It goes the same if the child
moves outside the predetermined area of 20 meter in radius.
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Figure 3.3: Flowchart of the System
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CHAPTER 4

HARDWARE ARCHITECTURE AND
SOFTWARE IMPLEMENTATION

4.1 Hardware Architecture

4.1.1 Components

The main components that have been used for the Child Monitoring System’s
hardware design are KC Wirefree Bluetooth Module Starter Kit SKKCA-21 (KC21),
PIC16F877 microcontroller and LM35DZ temperature sensor.

There are also some basic components used in this project for PIC16F877
interfacing and the temperature circuit. It includes resistors, capacitors, LED and buzzer
as the indicator, LM7805, crystal and also Liquid Crystal Display (LCD) to display the
tag status.
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4.1.1.1 KC21 Bluetooth Module

KC21 Bluetooth module shown in Figure 4.1 is designed for maximum
flexibility of wireless range and penetration. The KC-21 module includes 14 general
purpose input/output lines and offers high speed serial communications up to 921K baud.
It is a surface mount PCB module that provides fully embedded, ready to use Bluetooth
wireless technology. The reprogrammable flash memory contains embedded firmware
for serial cable replacement using the Bluetooth SPP profile. It has a communication
range up to 20 meters of radius with a default baud rate of 115.2Kbps. But for this
system, the baud rate of the Bluetooth module has been changed to 9600 baud rate bps

so that it can be integrate with the PIC16F877 microcontroller.

KC21 Bluetooth module has been customized for external device interaction or
for optimizations such as minimal power consumption, high speed response and other
proprietary features. The module support UART, SPI, and GPIO hardware interfaces.
The UART is compatible with the 16450 industry standard. Four signals are provided
with the UART interface. The TXD and RXD pins are used for data while the CTS and
RTS pins are used for flow control. The on board 3.3V regulator with low voltage
monitoring offers 5V operation from normal 5V microcontroller system. It is ready to

interface with microcontroller without additional component.

Figure4.1  KC-21 Bluetooth OEM Module
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4.1.1.2 PIC16F877 Microcontroller

Programmable Intelligent Computer (PIC) is very popular with the developers
for the low cost, wide availability, large user base, extensive collection of application
notes and serial programming capability. It is a small piece of semiconductor integrated
circuits. The package type of this integrated circuit is DIP package which is very easy to
be soldered onto the stripboard. PIC16F877 microcontroller acted as the host for the
Bluetooth module need to be programmed in order to control the flow of the project.
There are many types of programming languages that can be used and for this system,
PicBasic Pro is chosen. The programmed PIC chips run 20 to 100 times faster. When a
PIC chip is programmed, it is saved as a hex file. This IC can be reprogrammed and

erased up to 10,000 times. Therefore it is very good for new product development phase.

There are 40 pins on PIC16F877 as shown in Figure 4.2. Most of them can be
used as 1/O pins with some of the pins have their own specific functions. These features
includes analog-to-digital converter (ADC) that available in Port A, interrupt pin in Port
B, asynchronous transmit and receive in Port C and others that available in Port D and
Port E.
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Figure 4.2  PIC16F877 Pin Diagram
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4.1.1.3 LM35DZ Temperature Sensor

The LM35DZ is a precision semiconductor temperature sensor giving an output
of 10mV per degree Centigrade. Unlike devices with outputs proportional to the absolute
temperature (in degrees Kelvin) there is no large offset voltage which has to be removed.
The LM35DZ has the minimum temperature of 0°C to the maximum temperature of
100°C. The absolute supply voltage must be in between +35V to -0.2V with the output
voltage in the range of +6V to -1V and the output current of 10mA. In this project the
temperature sensor will get a 5V supply voltage that will produce an output voltage

correspondingly to the temperature.

The temperature sensor is connected to the PORT A of the PIC16F877. PORT A
is an analog-to digital converter. The converter generates a digital result of this analog
level via successive approximation. Thus, PIC can regulate the output voltage of the

temperature sensor. Figure 4.3 shows the bottom view of the temperature sensor.

+¥s Wour GND

I BOTTOM VIEW

Figure 4.3  LM35DZ Temperature Sensor
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4.1.2 Interfacing Bluetooth Module with PC

Bluetooth module can be interfaced to host through UART. In this project,
PIC16F877 acted as the host for Bluetooth module. For functionality test, the Bluetooth
module has been interfaced with the computer (by using HyperTerminal) before it can
be interfaced with the microcontroller. HyperTerminal records the messages passed to
and from the computer on the other end of the connection that is the Bluetooth module.
Therefore, it can serve as a valuable troubleshooting tool when setting up the Bluetooth
module. The on board 3.3V regulator with low voltage monitoring offers 5V operation
from normal 5V microcontroller system. It is ready to interface with microcontroller
without additional component. The functionality test of the Bluetooth can be seen in
sub-chapter 4.2.2.1.

CTS RXD
TXD RTS
KC Wirefree
Host | RxD CTS Module
RTS TXD

Figure 4.4  UART Signal Conversion
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4.1.3 Interfacing Bluetooth module with PIC16F877

UART connection is the main concept to interface the Bluetooth module with the
PIC16F877. The Tx pin of the PIC16F877 must be connected to Rx pin of the Bluetooth
module while the Rx pin of the PIC16F877 connected to Tx pin of the Bluetooth
module. Tx and Rx pins are used to send and receive one or more Items from the
hardware serial port on devices that support asynchronous serial communications in
hardware. For this, HSER command is used to send (HSEROUT) and receive (HSERIN)
data between the two Bluetooth modules of the KC Wirefree Starter Kit. Thus, parents
can be notified about their child status. Figure 4.5 shows the schematic diagram of
interfacing Bluetooth module with PIC16F877.

There are 40 pins on PIC16F877 with availability of five ports. Port A, Port B,
Port C, Port D and Port E which most of them can be used as an 1/0O pin and other
specific functions. It includes analog-to-digital converter (A/D) that available in Port A
to interface the temperature sensor and also asynchronous transmit and receive in Port C
that is used to interface the Bluetooth module. Other applications that have been used in

this project are stated below:

i. LED - connect to an output pin (RCO)
ii. Buzzer - connect to an output pin (RC1)
iii. LCD - connect to the output pin (Port B)
iv.  Temperature Sensor - connect to analog input pin (RA1)
v.  Bluetooth Module - connect to TX pin (RC6) and RX pin

(RC7) in order to interface with the
PIC16F877 microcontroller



26

O 00 1=
o -l

+ =
[y

[ ]
e Jpeay

————

R L L

< ELLE

ANAT
PO

Zdd  1Ta4d

£J4 B8ad4d

P14 £24

524 £24

924 124

LJd BJ4d

d4Z1

— £

d4ZT
T2 =

TX

—[ ]
ZHUGZ

Fdd Z£50

594 150

304 awWo

Ldd M5+

JHE  £34

bt ft ft et et bt bt et et e

134

B34

S5y

£

M5+

B34

134

Zdd +HH
a4

PAd ZHH
594

ey

234 BvH

L48491d

= 0 W00 et L D P 00 T D et B0 ) e 0 e = 00 T

ANT
S22

ANT
92 T

+ L ==

O T L
O <L =

O T =)
0= o

i
5
¥

O L o
O Ll —

aWe
=
T
+

P LT TE 3

58184

Schematic Diagram of Bluetooth Interfacing with PIC16F877

Figure 4.5



27

4.1.4 Interfacing Temperature Sensor with PIC16F877

The purpose of the temperature circuit is to use it as the precaution reason of the
child monitoring system module. Parent will be notified if the child is not wearing the
module. This system consists of a temperature sensor that can read the body’s
temperature where in this case the temperature is set to 33°C. When the temperature
sensor read temperature lowers than 33°C, the module will triggers an alarm and the
LCD will display “TAG IS NOT ATTACH”.

Figure 4.6 shows the schematic diagram of the temperature sensor that has been
integrated with the PIC16F877 microcontroller together with the alarm (LED and
buzzer) and also LCD display.



28

Zx16 LCD

ALISHEZTBA ALISPEZIBG
§409000040H §23233239N
A FEEREFEL FrEEEREL]
s [ EXXITTIXE
i .
14zt
TIhMHTII. T
13 14z
10—
TX
77 208 14d [z rl;ETll
zg |50 28 Ler ZHLAZ
£z Bl
ST aad 23 o
AT ~warzre
- e Y 250 [y
= fo] 508 150 5y
m Se 94 aNE [ .
= AElad AS+ S ne
s fSanD 23d o
" ce A5+ 138 [
- AL EICELRE:
m pe | 138 WA koL
m To 798 by 5
BT g E38 ERE IS 0 14 — AN AT
BEn Losay 1oy E 1Zasen S0 e
- Gf ] 28d avd = — n
- PR R MY 0ee 7y Anat
+ At 1 —
L2819Td €)=
AngT Eh
—
b T "
o
=z
na Gr_._" _J_m“+
= nos Ut |
; H 5818
L] L]
ALY q
5 HHHYHYY N
T E T LR 5

Schematic Diagram of Temperature Sensor Interfacing with PIC16F877

Figure 4.6



29

4.2  Software Implementation

4.2.1 HyperTerminal

HyperTerminal is a program that can be used to connect to other computers,
Telnet sites, bulletin board systems (BBSs), online services and host computers using
either modem, a null modem cable or Ethernet connection. It is a useful means of
configuring and testing modem or examining connection with other sites.
HyperTerminal records the messages passed to and from the computer or service on the
other end of the connection. Therefore, it can serve as a valuable troubleshooting tool

when setting up and using a modem.

To make sure that the modem is connected properly or to view the modem's
settings, a command can be send through HyperTerminal and check the results.
HyperTerminal has scroll functionality that allows looking at received text that has
scrolled off the screen. It can also be used to transfer files from a computer onto a
portable computer using a serial port rather than going through the process of setting the

portable computer up on a network.
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4.2.1.1 To Set Up a Connection

Multiple connections can be create and save within HyperTerminal. Each
connection can have its own unique configuration, including phone number and port
settings such as bits per second (bps) and parity checks. The connection that is currently
open within HyperTerminal is displayed on the HyperTerminal window’s title bar. Only
one connection can be open per each HyperTerminal session. However, multiple
HyperTerminal sessions are manageable by opening a new connection for each session,

provided each connection uses a different communication port.

To set up a new connection, open HyperTerminal. Click Start, point to All
Programs then point to Accessories. Browse and point to Communications and then
click HyperTerminal. On the File menu, click New Connection and in the Name box,
type a name that describes the connection. In this project, the connection is named as
test. For the icon, click the appropriate icon and click OK. In the Connect To dialog box,
choose the port that it is used in the Connect Using drop down box. To check the
number of the port that it is used for the connection, access the Computer Management
then point to Device Manager. Browse to Port and get the port number. After finishing

this step, click OK and it is ready to be used.
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4.2.2 KC21 Bluetooth Module

4.2.2.1 Functionality Test

Figure 4.8 to Figure 4.12 show how the functionality test of the Bluetooth
module using HyperTerminal is being done. The data that being transmit from one
Bluetooth (using HyperTerminal) can be read at another HyperTerminal that is being
received through the other Bluetooth.

To access the Bluetooth, a command with the desired Bluetooth address is

needed. Shown in Figure 4.7 is the command.

) SPPConnect - Motepad g@
File Edit Format Miew Help
AT+2ZY SPPConnect 0043e22f8a6

Figure 4.7  Command to Access Bluetooth
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After finished creating a new connection for the Bluetooth testing, press the reset
button on the KC21 Bluetooth module. Once it is pressed, HyperTerminal will display
the Bluetooth module address shown in Figure 4.8. The address is used to establish a
connection between two Bluetooth modules.

r% test - HyperTerminal [Z]@

File Edit Wew Cal Transfer Help

D &8 D5

AT-ZY -CommandMod
AT-ZY BDAddress @@@439258de3

Connected 0:00:08 Auto detect 115200 &-H-1

Figure 4.8  Command Mode (Bluetooth address)
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As mentioned before, HyperTerminal can be used to send file. To establish a
connection between two Bluetooth modules, the address of the other module is needed.

Figure 4.9 shows how the file can be send. In this case, a text file (Figure 4.7) is send.

@ test - HyperTerminal E]@

File Edit ‘Wiew Call Transfer Help
0= 3 g SendFile...

Receive File...

| Capture Text...
AT-2Y —Col| sendTestFis...
AT-ZY BDAd. 18ded

Zapture ko Printer

Sends a text file ta the remote system

Figure 4.9  Send Text File (Establish connection)
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Once the text is send, the Bluetooth will configure and establish a connection
with the other Bluetooth module. Figure 4.10 shows that the Bluetooth had managed to
build up the connection.

r% test - HyperTerminal E]@\

File Edit View Cal Transfer Help

D w5 0H

AT-ZV -Commanddode-

AT-ZY BDAddress 00043e258de3
AT-ZY ConnectionUpBB43e22f8ab
AT-ZY -BypassMode-

Cornected 0:02:43 Auto detect 115200 8-M-1

Figure 4.10 Bypass Mode (Connection up)
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Now that the connection had established, data can be send and receive through
the wireless communication of the KC21 Bluetooth Module. In Figure 4.11 it shows that

data ‘ok’ is send to the other Bluetooth module.

r% test - HyperTerminal E]@

Fle Edit View Cal Transfer Help

=2 & DB

AT-72Y -CommandMode—

AT-ZY BDAddress B0043e258de3
AT-ZY ConnectionUpB@043e22f8ab
AT-ZY¥ -BvpassMode-

Connected 0:00:38 Auko detect 115200 &-N-1

Figure 4.11 Testing (Type a text)
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When one of the Bluetooth modules is out of range or switch off, then the
connection is loss. To build up the connection, press the reset button and repeat the step

based on Figure 4.8 to Figure 4.11.

r% test - HyperTerminal E]@-

File Edit Wiew Call Transfer Help

AT-2¥ -CommandMode-

AT-ZV BDAddress B0043e258de3
AT-2VY ConnectionUpBB43e22f8ab
AT-Z2V -BypassHode-

ok###NO CARRIER

AT-72Y -CommandMode-

AT-2¥ ConnectionDown

Cannected 0:01:39 Auto detect 115200 8-M-1

Figure 4.12 No Carrier (Connection down)



37

4.2.2.2 Changed Baud Rate

As mentioned earlier, the default baud rate of the Bluetooth module is
115.2Kbps. For that reason, the baud rate of the Bluetooth module needs to be changed
in order to integrate with the PIC microcontroller. Thus, a command with the desired
baud rate that is 9600bps same as the baud rate of the PIC16F877 is established.

Shown in Figure 4.14 to Figure 4.16 is the step to change the default baud rate to
a new baud rate that is 9600bps. Figure 4.13 is the command to change the baud rate of
KC21 Bluetooth module.

-

4 ChangeBaud - Notepad [Z]@“

File Edit Faormat Yiew Help
AT+2v ChangeBaud 9600

Figure 4.13 Command to Change the Baud Rate
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To get started, press the reset button to ensure the connection of the Bluetooth
module. Figure 4.14 shows that the Bluetooth module is in good condition and ready to

be configured.

r% test - HyperTerminal g@

Fle Edit Wew Cal Transfer Help

D @3 DB =

AT-ZV -CommandMode-
AT-ZY BDAddress 00043e258de3

Connected 0:00:05 Auto detect 115200 &-N-1

Figure 4.14 Command Mode (Configure)
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Like before, the same method is used to send text file. But in this case the text is

to change the default baud rate of KC21 Bluetooth module from 115200 baud rate to
9600 baud rate. Figure 4.15 shows how to send the text file.

@ test - HyperTerminal

(=%

File Edit ‘Wiew Call Transfer Help
0= 3 g SendFile...
—— Receive Fle...
| Capture Text...

AT-2Y —Col| SerdTextFie. .
AT-2¥ BDAd

Zapture ko Printer

58de3

Sends a text file ta the remote system

Figure 4.15 Send Text File (Establish new baud rate)



The baud rate is successfully change when it display like in Figure 4.16. Now
that the baud rate is changed, KC21 Bluetooth module can be used to integrate with
PIC16F877 microcontroller.

@ test - HyperTerminal M=) % |

Fis Edk View Csl Teasler Hslp

O &35 08 oF

AT=£Y -CommandHode-
AT-ZY BDAddress Eﬂﬂiﬂe%ﬂdef!
AT-7Y Baudrate Changed

Cionresctasd Do00(E Ao deted 115200 8-N-1

Figure 4.16 Changed Baud Rate
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4.2.3 Programming

PIC16F877 need to be programmed in order to control the flow of the project.
There are many types of programming languages that can be used to program
PIC16F877 such as C language, assembly language (low level language), High-Tech C
and PICBasic Pro.

4.2.3.1 Programming PIC16F877 using PICBasic Pro

The programmed PIC chips run 20 to 100 times faster. When a PIC chip is
programmed, it is saved as a hex file. The hex file is than uploaded directly into
EEPROM memory of the chip. Because the hex file is the native language of the PIC,
the code does not need to be interpreted as it runs. Thus, the system enables the
programmed PIC chips to run faster. Programming the PIC microcontroller is a simple
three-step process; write the code, compile the code and upload the code into the PIC.
The program code is saved as text file where the compiler reads through the text file and
compiles an equivalent machine-code instruction listing (hex file) of the program. The
hex file is uploaded into the PIC and the CPU will run through the programmed list of

hexadecimal numbers.

To get started, uncompressed the PICBasic Pro Compiler files, run (click on)
INSTALL.BAT and all of the necessary files will be installed to a subdirectory named
C:\PBP on the hard drive. Then, run MicroCode Studio from the Start
Menu. MicroCode Studio is a powerful program editor and Windows interface that
makes it simple to use the PICBasic Pro Compiler. It creates and edits programs, then
compiles them with a single click on the toolbar. The PicBasic Pro Compiler generates
standard 8-bit Merged Intel HEX (.HEX) files that may be used with any PICmicro
MCU programmer.
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PICKit 2 is needed to download the program. Insert the PICkit™ Starter Kit CD-

ROM into the CD-ROM drive and in a few moments, the introductory screen should be

displayed. Start the PICkit™ 2 Programming Software by selecting Start > Programs >

Microchip>PICkit 2. The PICKkit™ 2 Microcontroller Programmer is capable of

programming a variety of Flash-based Microchip PIC® microcontrollers. Shown in

Figure 4.17 is the introductory screen of the PICKit 2.

B PICKit 2 Programmer

M5l ¥]

File  Dewice Family  Programmer  Tools  Help

kidrange Caonfiguration

Mo Device Found Configuration: 0000

FF FF FF FF

Device:
Idzer (D=

Checkszum:  FCOD

PlCkit 2 found and connected.

[

Program Memory

’ Eraze ” Blank Check, ]

Source: Mone [Empty/Erazed|

c\ MICROCHIP

YOO Target
[] Check
[] #MCLR

EEPROM Data

\ PICkit” 2

Figure 4.17  PICKit 2 Introductory Screen
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Click Check Communication menu to verify USB communication with the
PICkit™ 2 Programmer and ICSP communication with a target device by attempting to
identify the connected device by its device ID. When the PICkit™ 2 Programmer
software application is first opened, it will attempt to identify a connected device by the

device ID. Figure 4.18 shows that the connected device is found.

ﬁ PICkit 2 Programmer E]

File  Device Family  Programmer  Tools  Help

Midrange Configuration

Device: FIC1BFEYY Configuration:  2BFF
Uzer D= FF FF FF FF

Checksum:  1BFF

FlCkit 2 found and connected. \
FIC Dewvice Found. @ MI:nnc"'lp

| ] YOO Target
[] Check
I Read l [ Write ] [ "erify ] [ Eraze ] [ Blank Check. ] [ MCLR

Program Memory
Enabled  |Hex Only | Source: Mone [Empty/Erazed)

noaa IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF |
noas IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
noLa IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
noLs 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
noza IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
00z 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0030 IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
0033 IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
0040 IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
0043 IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF 3FFF
noso 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0053 IFFF iFFF 3FFF IFFF 3FFF 3FFF 3FFF JFFF  |w

EEPROM Data

Auta Import Hes
Enabled | Hewx Only v +rite Device
Q0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF |# Fiead Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hex File
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF .
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF |» PICKkit 2

Figure 4.18 PIC Device Found
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There are also some features of the PICkit 2 Programmer. That includes Erase

that can perform a bulk erase of the target MCU. OSCCAL and band gap values are

preserved on parts with these features shown in Figure 4.19.

ﬁ PICkit 2 Programmer

=)ok

File  Device Family  Programmer  Tools  Help
Midrange Configuration
Device: PIC1BFEYY Configuration:  2BFF
zer Dz FF FF FF FF
Checksum:  1BFF
Erasing device...Complete @ MICFII:II:HIF'
arge
( WOD Target
[] Check
[ Read ] [ Waite ] [ Werify ] I Eraze l [ Blank Check, ] [] MCLR
Program Memory
Enabled  |Hex Only | Source: Mone [Empty/Erazed)
oooo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF IFFF |
ooos S3FFF S3FFF 3FFF S3FFF S3FFF S3FFF S3FFF 3FFF
o010 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o01s 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
aozo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o0za 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o030 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
oo3s 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o040 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o04s 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
aoso 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o0ss 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF IFFF |
=L Det Auto Import Hes
Enabled  |Hex Only w +'wiite Device
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [* Read DEViCE":+
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hes File
Z0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF i
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF |» PICklt 2

Figure 4.19 Erasing Device
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Another feature is Blank Check to perform a blank check of program memory,

data EEPROM memory, ID locations and Configuration bits. Figure 4.20 shows once

the device is done blank checking.

W PICkit 2 Programmer

-

BE%

File  Device Family  Programmer  Tools  Help

tidrange Configuration

Iser D FF FF FF FF
Checksum:  1BFF

Drevice: PIC1BFEY7 Configuration:

3BFF

s S Mesoce
I

[FiianasEssnsASESESENESANEEEREANENENEREEEEE YOO Target
[] Check

’ Fead ] ’ Wfrite ] ’ Werify ] ’ Eraze ] [ Blank Check l [] /MCLR

Program Memory

Enabled Source: |Mone [Empty/Erazed)
oooo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF |
ooos 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooLlo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ools S3FFF S3FFF 3FFF 3FFF 3FFF 3FFF 3FFF S3FFF
oozo 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooza 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooso S3FFF S3FFF 3FFF 3FFF 3FFF 3FFF 3FFF S3FFF
003a 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
o040 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
oo4s 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooso 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
ooss 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF [v

EEPROM Data

Auto Import Hes
+Wwirite Device

ol FF FF FF FF FF FF FF FF FF FF FF
10 FF FF FF FF FF FF FF FF FF FF FF
&0 FF FF FF FF FF FF FF FF FF FF FF
30 FF FF FF FF FF FF FF FF FF FF FF

FF FF FF FF FF
FF FF FF FF FF
FF FF FF FF FF
FF FF FF FF FF |w

[A

Read Device +
Export Hex File

PICkit™ 2

Figure 4.20 Blank Checking
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To connect to a device once the application is already running, select the device
family by clicking on the Device Family menu and import a hex file for programming.
Figure 4.21 shows that the hex file is being import. Lastly, features that is used to import
the hex file that is Write on PICkit Button where whenever it is checked, a Write

operation will be initiated by pressing the PICKit 2 button shown in Figure 4.22.

r

File  Dewvice Family  Programmer  Tools  Help

kidrange Canfiquration

Device: FIC1EFE7Y Configuration:  3BFF
Import Hex File

Lock in: | (53 transmitter « QT E-
- u:u:unneu:tiu:un

_,JI temperature

Recent

7=a

Deszktop

by Documents

.-
3
by Compriter
‘».-!] File name: connection B

"
My Metwark  Files of type: HEX files v

EEPROM Data

Auto lmport Hex
Enabled  |Hex Onlp Rd +'wiite Device
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF || Read Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hex Fils
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF "
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF |+ PICKit 2

Figure 4.21 Import Hex File



& PIckit 2 Programmer

mEI%]

File

Device:

zer D

Checksum:

Midrange Configuration

PIC1EF877
FF FF FF FF

EBAZ

Toals

Help

Configuration:

3B75

Program Memory

Enabled ' Source: | T am Files\MecaniquetMCScd\ TEST 2. HEX

P S Mook

YOO Target
[] Check
[ MCLR

nooa
000G
nolo
00ls
n0za
0023
o030
0035
0040
0043
nosa
0055

0lBZ
1105
3034
004l
205E
3006
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202D
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004G
1482
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004z
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056
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1253
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1105
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2041
3CFE
0586
3032
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2853

1633
153Bz2
204z
2042
300cC
004G
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1903
03zZa
205E
0743
0lal

1133
Z8ZE
3013
3064
202D
1C32
004l
2873
39F0
1403
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JEFSG

EEPROM Data

o0 FF FF FF FF FF FF FF FF FF FF FF
10 FF FF FF FF FF FF FF FF FF FF FF
20 FF FF FF FF FF FF FF FF FF FF FF
30 FF FF FF FF FF FF FF FF FF FF FF

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

Auto Impart Hex
+Wirite Device

\ PICKit™ 2

Figure 4.22  Updating Hex File
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The hex file will be downloaded into the PIC chip. The PICKit 2 will be response

with “Programming Successful”. Now the PIC16F877 can be transferred into the real

circuit board for testing. Figure 4.23 shows that the program is successful loaded.

B PICKit 2 Programmer

LoE

File  Dewvice Family  Programmer  Tools  Help

tidrange Configuration

Device: FICTBFEYY Configuration;  2B75

Izer D= FF FF FF FF

Checksum: EBAZ
P S\ Mmook
(FinnnnannansananANAREEARARAEREERARANRARRREEE | YOO Target

[] Check

’ Read ” Wadrite: ” ety ” Eraze ” Blank Check, ] [] MCLR

Program Memory

Enabled ' Source: |C:h..am Files\MecaniquetMCS\ed TEST 2 HEX

oooa
noos
oolao
0ols
nozo
00z
oo3a
0033
o040
0043
nosa
0053

0lBZ
1103
3034
004l
205E
300a
2330
3000
1503
0436
000s
2873

28735
1103
004l
30835
3022
202D
1105
205F
1C32
1133
0143
3003

0047
300F
30935
205F
0046
1482
3C03
1403
1032
NEAG
004z
004l

1135
0556
205F
2042
204z
0327
1Cos
0oos
1555
1332
30FF
30E4

1108
1283
3033
3064
3025
28ZE
2541
1432
300F
2gds
074s
205F

1103
0327
004G
205E
202D
1432
2041
3CFE
0536
303z
1C03
2853

1683 1183 |~
1862 282ZE
204z 3013
204z 3064
3000 202D
O0As  lC3z
3007  00AL
1903 2873
0826  39F0
20SE 1403
0743 1C03
01&1  3EF6 |w

EEPROM Data

Auta Import Hex
+'Wwirite Device

o0 FF FF FF FF FF FF FF FF FF FF FF
10 FF FF FF FF FF FF FF FF FF FF FF
20 FF FF FF FF FF FF FF FF FF FF FF
30 FF FF FF FF FF FF FF FF FF FF FF

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

Read Device +
E xport Hex File

PICkit™ 2

Figure 4.23  Programming Successful
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CHAPTER 5

RESULT AND DISCUSSION

5.1  Child Monitoring System (Child)

Child Monitoring System (Child) is successfully designed. It consists of
Bluetooth to establish simultaneous data which allows for a secure and wireless
connection that is integrated by using PIC16F877 microcontroller. It is a system
designed for the supervisory user (parent), to supervise the child when they are out of
sight. It complete with a temperature sensor that act as the precaution to notify the
parents about their child status. Alerts will occur if the child moves outside the

predetermined area and if the module is loosen from the child.

The system will transmit and receive data continuously initializing the
connection status, checking whether the child is in range or not. If the child moves
outside the predetermined area that is 20 meter of radius, alarm will triggered. If the tag
is no longer attached to the child, it will also trigger the alarm. Table 5.1 shows the three

consideration of condition for the Child Monitoring System.
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Table 5.1 Child Monitoring System Condition

Data Transmit/Receive System Condition
“1” Child in range and Tag attach
“3” Child in range and Tag not attach
“H# Child out of range

Figure 5.1 shows the schematic diagram for the Child Monitoring System
(Child). The prototype of the system can be seen on Figure 5.2. PICBasic Pro is used in
order to develop the program for the system. Refer to APPENDIX G for the complete
full program of the Child Monitoring System (Child).
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5.1.1 LM35DZ Temperature Sensor

LM35DZ is a precision semiconductor temperature sensor giving an output of
10mV per degree Centigrade. The output voltage that is produced at the certain
temperature is necessary in order to do the program for the temperature sensor. The
output voltage is then changed to decimal ((output voltage/input voltage) x 255) so that
it can be read by the PIC16F877 which has analog-to-digital features in it. Shown in
Table 5.2 is the output voltage of PIC16F877 read at certain temperature value. The
temperature can be read by using a digital multimeter (303-150NCS).

It shows that the higher the temperature reading, the higher the output voltage
produced. Although the main reason the temperature sensor is added is to read the body
temperature of the child, the exact temperature of the body temperature is not used.
Instead, a 33°C is chose to be used in the making of the prototype of the Child
Monitoring System (Child).

Table 5.2 LM35DZ Output Voltage

Temperature ('C) Output Voltage (at LM35DZ) | Output Voltage (at PIC16F877)

30 1.4 Volt 0.4 Volt

33 1.5 Volt 0.45 Volt

35 1.7 Volt 0.55 Volt
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5.1.2 Liquid Crystal Display

An electro-optical amplitude modulator realized as a thin, flat display device
made up of any number of color or monochrome pixels arrayed in front of a light source
or reflector. LCDs with a small number of segments have individual electrical contacts
for each segment. Shown in Figure 5.3 to Figure 5.7 are the Child Monitoring System
(Child) condition displays. Figure 5.3 shows that the connection is established. “IN
RANGE” will display if the child is in the range as shown in Figure 5.4. If the tag is
attached to the child, the LCD will display as in Figure 5.5. If the tag is not attached to
the child, the LCD will display as shown in Figure 5.6. when the connection is lost,
“NO CONNECTION” will display as in Figure 5.7.

Figure 5.3  Connection Up

T T L AR
sbsaantrran Y
- -

Figure5.4  InRange
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Figure 5.6  Tag is Not Attach
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Figure 5.7  No Connection
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5.1.3 Programming

The first thing to do when designing a program is specifies the crystal and other registers
and features ports that are used using DEFINEs. For this system, the analog-to-digital
converter is used. Therefore, the ADC register need to be specifies. Since the system
needs to receive and transmit more than one Items from the hardware serial port, HSER
IS used to support asynchronous serial communications in hardware. The receive and
transmit register are specified to receiver and transmitter enabled together with the baud
rate used. As the hardware serial port only has a 2 byte input buffer, it can easily
overflow if characters are not read from it often enough. When this happens, the USART
stops accepting new characters and needs to be reset. This overflow error can be reset by

automatically clear this error using DEFINE.

The LCD may be connected to the PIC using either a 4-bit bus or an 8-bit bus. If
an 8-bit bus is used, all 8 bits must be on one port. If a 4-bit bus is used, the top 4 LCD
data bits must be connected to either the bottom 4 or top 4 bits of one port. Enable and
Register Select may be connected to any port pin. R/W may be tied to ground if the
LCDIN command is not used. PICBasic Pro assumes the LCD is connected to specific
pins unless told otherwise using DEFINESs. For Child Monitoring System, the LCD used
an 8-bit bus with data lines DBO to DB7 connected to PIC16F877. Register Select to
PORTD.2 and Enable to PORTD.3.

Then, describe all the variables used. Specifies the variables (VAR) as byte,
word or even specifies the port used. In this system, the variables are set as byte. LED
and buzzer on the other hand are specified as PORTC.0 and PORTC.1 respectively. It
followed by set the port as input or output. For PORTA.1 it is set as input for the
temperature sensor. Meanwhile, PORTC.0, PORTC.1 and PORT D are set as an output.
PORTC.O is the indicator of the system while PORTC.1 is for the alarm and PORTD to
display the child status.
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As the temperature sensor used the ADC features, the register of the ADC need
to be specified. The ADCONO register controls the operation of the A/D module while
the ADCONL register configures the functions of the port pins. ADCONO is specifies
as %11001101 where bit 7 and 6 for A/D Conversion Clock Select bits, bit 5 to 3 for
Analog Channel Select bits, bit 2 for A/D Conversion Status bit and bit 0 for A/D On bit.
Bit 1 is unimplemented and read as ‘0. ADCONI alternatively is specifies
as 900000100 where bit 7 is for A/D Result Format Select bit, bit 3 to 0 for A/D Port
Configuration Control bits (refer to APPENDIX B). Meanwhile bit 6 to 4 is

unimplemented and read as ‘0’.

After finishing specifies all the registers and ports, the program can be designed.
The program is divided into two sections. The first section, named as BYPASS is to
establish the connection between the two KC21 Bluetooth modules. In this section,
HSEROUT and HSERIN command are used to integrate between the two modules.
Once the connection is established, it then checks the status of the child whether the
child is in the range or outside the range. If the child is in the range, it then goes to the
second section that is TEMPERATURE. On the other hand if the child is outside the
range, it will loop back to BYPASS to established the connection.

In the second section, the program is designed to read the temperature. It is set
into two conditions. The first condition is for temperature less than 33°C where it
notifies as the tag is not attach to the child. When this happen, it will trigger the alarm.
For temperature greater than 33°C, it consider as the tag is attach to the child. Then the
program will loop back to BYPASS to check the connection and the system operates

continuously.

Refer to APPENDIX G for the full program of the Child Monitoring System
(Child).
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Bluetooth is a technology for automatically identifies something using
radio signals. This project is basically to assist parent to keep an eye on the
children by using Bluetooth technology. It is a system designed for the
supervisory user (parent), to supervise the child when they are out of sight.
The module will alert the parent when the child is moves outside the

predetermined area and if the tag is no longer attached to the child.

The Child Monitoring System (Child) is the transmitter part of the
system which is design using Bluetooth as the wireless communication to
integrate between the transmitter and the receiver module. Also integrated in
the system is the temperature sensor as a precaution for the child and parent
to notify whether the the tag is still attached to the child or not. For the
temperature below than 33°, an alarm will trigger notified the that the tag is
no longer attached to the child while for the temperature above 33° it

considered that the tag is attached to the child.

In conclusion, the transmitter circuit of the Child Monitoring System
is successfully designed. It consists of PIC microcontroller (PIC16F877),
Bluetooth module (KC 21), temperature sensor (LM35DZ) and for the alarm
LED, buzzer and LCD. The programming for the PIC is successfully

constructed. It managed the PIC to be interfaced with the Bluetooth module
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in order to control the Child Monitoring System. As a precaution, the
temperature sensor is added and it is effectively working to notify the parents
about their child status. The status include whether the tag is still attached to
the child or not and whether the child is in the predetermined area of 20 meter

in radius or the child is out of the predetermined area.

The Child Monitoring System aims to benefit families by preventing
missing children when they are out of sight and providing parents with a
constant awareness of their children’s whereabouts. It uses Bluetooth
Technology between parent’s module (receiver) and child’s module
(transmitter) to establish simultaneous data that allows for a secure and

wireless connection.

The child’s tag is capable of transmit a signal to the parent’s module
up to 20 meter in radius. Because it uses a point-to-point wireless
communication system, the Child Monitoring System does not rely on cell
towers or satellites to locate the child. Hence, cloud cover or a building's roof
will not prevent the system from malfunctioning. Additionally, every few
seconds, the Child Monitoring system simultaneously transmit and receive
data corresponding information of the child status significantly reducing the

chances of loosening the child.

The Child Monitoring System (Child) is equipped with a sensor that
detects the presence of the child's skin. It will read the body temperature of
the child. If the temperature sensors read a temperature below than 33°C, it
immediately activates the tag’s alarm and sends a simultaneous alarm to the
parent’s module to warn parents of the possibility that the tag has is not attach
to the child.
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6.2 Future Development

In the future, there are a few things that can be fixed in order to
improve this system. The Child Monitoring System should be designed to
help parents be the best parents they can be. No matter where the parents take
their children, it will be a stress free knowing that at any time, the system can
display and know when the children are within the range. Whether in the mall
or at the park or in the airport, the parents will know that their children are
close by and safe. If they wander outside or the predetermined range, parents

can find them with the Child Monitoring System directional indicator.

So it is best suited if the system can monitor and locate multiple
children at once and find them when they wander outside the range.

6.2.1 Detection of Multiple Children

The current Child Monitoring System can only monitored one child at
a time. So it would be convenient if the system can be expanding in order to
keep track of several children to one parent at one time. This can be done by
accessing the Bluetooth module and communicate the module using
different protocols, making it possible for multiple modules to be used at the

same time in the same close environment without transmission interference.

6.2.2 Detection of Child Location

Integrate a subcomponent that can detect the child’s location. By
using a Global Positioning System (GPS), the system can display about the
child whereabouts. It uses a constellation of between 24 and 32 Medium
Earth Orbit satellites that transmit precise microwave signals that enable GPS
receivers to determine the current location. The purpose of this system would
be to notify the parent of the child’s location when the child moves outside
the predetermined area.
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6.3  Costing and Commercialization

The product as shown in Figure 5.2 will cost around RM 285.00 to
RM 300.00. The Bluetooth itself costs nearly RM 230.00. For the other
hardware, it does not cost that much. Components like resistor and capacitors
cost barely to RM 0.10 for each components. Another thing is that LCD is not
really necessary for this product so the cost can be much lower than RM
300.00. But for a convenient reason, LCD can be attached so that the child
can be alert about his own status. All in all, the product cost at a very
reasonable price. It is much worth to pay RM 300.00 than losing your own
child. Table 5.3 shows the list of prices for a Child Monitoring System
(Child).

With the many cases of missing children nowadays, the product has
the ability to be commercialized. Child Monitoring System can be used to
supervise the child when they are out of sight. Alerts will occur once the child
moves outside the predetermined area. As a precaution, temperature sensor is
function to notify the parent about their child status. If the child is not
wearing the tag, alarm will trigger to notify the parents. The increasing
number of missing child demand a system that can be used for monitoring,
make this product got a commecial value.



Table 6.1 Price List
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No. Component Specification Quantity Price
(RM)

1. | Bluetooth Module SKKCA 21 1 230.00
2. | PIC 16F877 1 25.00
3. | Temperature Sensor LM35DzZ 1 4.30
4. | Crystal 10MHz 1 1.00
5. | Voltage Regulator LM7805 1 1.50
6. | Potentiometer 5K 1 0.60
7. | Resistor 10R 1 0.04
8. | Resistor 330R 1 0.04
9. | Capacitor 12pF 2 0.16
10. | Capacitor 1uF 3 0.24
11. | Capacitor 10uF 2 0.24
12. | LED 1 0.15
13. | Buzzer 1 3.80
14. | Liquid Crystal 1 20.00

Display
TOTAL 287.07
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KC21 Bluetooth Class 2 0EM Module
Datasheet

KC
i
Features

» Bluetooth v1.2 specification

v Complete RF ready module

v Class 2 radio

» High-speed data rates up to 921K baud

v High-performance ARMT processor up to 43MHz
v High-security 128-bit encryption

v Extended range up to 30m

v Miniature solution 15mm by 27mm

v All Bluetooth data rates (57.6 o 723.2 Kb/sec)

» SPlinterface, up to 24MHz

v 11 general purpose [0

» AT command set

» Dynamic configuration

v Low power sniff mode

v Point-to-point and point-to-multipoint capability
» Multiple device honding

» USB 2.0 compatible

v CPU, radio, antenna, & firmware on module

v Zeevo 4002 and 4301 Blustooth chip solutions

2004 KC Wirefree LG

) Bluetooth

KC2d
Blutooth Module

Description

The KC21 s a surface mount PCB module with an
inteqrated chip antenna that provides ready to use
Bluetooth wiraless technology. The convenienty pre-
programmed flash device coniains fmvare for serial
cable replacement using the Bluetooth 3PP profile per the
Bluetnath 1.2 speciication. Customized fimmware is
easily pre-ioaded into these fully tuned and tested
modlies 5o that they are ready to install withat any
further procedures. The KC21 is a Class-2 Bluetoofh
Module supplied on a 24 pin suriace mount § layer PCB
Vith 2 minigture foofprint

Typical Cahle Replacement Applications
Serial communicafions
Machine diagnostics and contral
Point-of-sala daia collaction
Remote sensing
Medical device communicaions
Industrial control
Home autonation

wiw kcwirefree.com
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KC21 Bluetooth Class 2 0EM Module
Datasheet

Software Architecture

Lower Layer Stack

FUll Bluetooth data rate (723.3k

Ips makimum)

AlIACL (Asynchronoys Connecfion Less) packst types (DNM, DHI, DV3, DH3,

OB, DH3, AUX1)

5C0 (3ynchronous Cannction Oriented) packet fypes (HV1, HV2, HV3)
Point o mutipaint and scatternet support—3 master and 7 slave finks alowed
(10 active (inks simultansously)

Master slave switch—supparted during connecfion and past connaction

Authenfication and encrypfion—encryption key length from 8-oits to 128-bits
magmum

Park, sniff, and hold modes—fully supparted fo maximum allowed infervals,
anproximately 50 parked slaves
Dedicated Inquiry Access Code—for improved inguiry scan perfomante

Dynamic packet selection—channel qualiy driven data rate to opfimize fink
perfomance

Dynanic power confrol—interference reducion and ink performance
opfimization for all device classes

Bluetooth test modes—per Bluetooth 1.2 specification

Device power modes—aciive, sleep and deep sleep

802.11h co-existence—AWMA and AFH

Persistent FLASH memary—for BD Addrass and radio parameter storage
Wake on Bluetnoth feature—optinized power consumption of host CRU
5C0 over UART, PCM, or 3P/ interiace—appication flexibilty for host CFU

Vendor specifc HCI commands—to support device configuration and
certificafion test modes

Upper Layer Stack
+ 3DAP GAP 8PF, and DUN protocols
+ RFComm, SDP and L2CAP supparted

HCl Interface

+ Blueiooth 1.2 speciication complant
+ HCIU3B ransport fayer (H2)

+ HCI UART transpart ayer (H4)

+ Firmuware uparade over UART

Epplications

Fost

Unper Layer Stack

il

A
Events

Commands

TCeP

Hl

nizmal fizzh

Basehand

AF

Wi kcwirefree.com

L] 24

HCI Stack
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e

Hardware Specifications

Absolute Maximum Ratings

Rafing Min Typical Max | Unit

Storage temperare range | 40 - | €

Supgly voltage, Vie 13 - +18 | Vois

RF input pawer

G| dBm

Recommended Qperating Conditions

Rating Min Typical | Max | Unit

KC21 Bluetooth Class 2 OEM Module
Datasheet

110 Operating Characteristics (v =32V, urless otenise spec

Symbol Parameter Min Max Unit | Conditions

i)

Vi | LowLevel Input Vaoltag 08 | Vibs
Wy | Hiph-Lewel nput Volizge | 20 Vaks
Yo o |Lowlewel QuputVolege | - | 04 | Vobs |lg=Imd
Vi | High-Leve Qutput Vokage | 24 Vaks | lgy=ImA
ly | Low-level CuputCument | - | 22 | m& |V =04V
b | Hightlewel OuputCument | - | 31 | m& | V=24V
Input Leakage Cument AL s | k[ @V= 3Nl

Vi | Schmit Trgger LowHigh | 147 | 180 | Vols

Vi | Schmit Trgger Highdow | 038 | 085 | Vols

R —— w Ry | Pulup Resistor ] 3| KD | Resisior Tumed On
P—— — - —— Rio | Puldown Resct £ | 118 | KO | RegiiorTumed On
Supaly Valtage Vi i 1 36| Vo AR TR
Signal P Voltage - 13 Yol i —
RF Frequency M0 M5 M . -
USB 0 Operating Characteristics y,=23V)

Current Consumption Symbol | Parameter Min | Max Unit Condiions
Genera Conciions: Vog# 33V, lemperane = 23, equeney = 2412 - 2440 U |Lonedpalotge | - | D€ | Vo
(3Hz, 50 0 antenna, 12 MHz ast arystal, and 32 KHz ext sheep erystal o | HghLevel hout Valtage | 20 Vol

Vs | Lowlewel OutoutVotage | - | 03 | Vs

Vot | HighLevel Output Votage | 22 Volis
ACL gata 115K Baud UART atmax tvoughpus (Master) | 350 | md G| Input Capacitance - | B | pF |DPorDMiGND
ACL data 115K Baud UART at max froughput (Save) | 350 | mé
Conneaton, o data v;f?:. master 1'%.0 mé Salectad RF Characteristics
::-nneﬂct-:n. 0 dﬁ! ?rah:. dare ?E'E ”‘: General Condiions: Vig= 3.3V, emperature = 28 °C, Frequency = 2402 2480 Griz, 5000
500 Comnecton, KV, masir 20 m antenna, 12 M=z ext erystal, and 22 Kz ext sleep st
5C0 Conneefion, HVY, slave i om Conditions
5C0 Connection, HYV3, masier 00| mé nfenna oad G 0
5C0 Connection, HVY, siave BO| omb
Connecton n snif (Tenfi=100ms), no data traffc, magter | B2 | md o BER< T WhDH | 0 _:5 En
Comecten nn¥Tenfeilns nodea afe save | 88 | b | e e | BERCMWRDY | D | 4 | @
Connecton n snif (Tenfi=375ms), no data traffic, mazter | 175 | md PR 2]
Cornecton n snf [Tsnff=375ms) no dela aff, sle | 260 | md .
Sty w:n"nut teep ey 13 | nt Marimum oufput pawer 800 oad At tm
atan-dlh)',lt.'n'déepilﬁp . 'n ' ” Power conial rane e il i
P nqu-|r,l £, e S8 - ” Paner control resaiuion b 4 i
‘?ﬁ“‘u l:m T — d?' m Infis Carer Frequency Tolerance t75 1 iz
Al current eanstmpbon numbers inchude on-gie regulators and fash memory - — -

206 Bandwidth for moou'afed camer 1000 L (s

2004 KG Wirefrea LLG

Wik kewirefree.com
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KC21 Bluetooth Class 2 0OEM Module

Datasheet
Pin Assignments by Functional Grouping oy
Name Type Pind Description i ¢ *
g% ndl D *
— Raset nput (zcive low for & ) —_— L aals TN wilh
REEm | | ! Sehmidt riggered ¥
7 WAl H
GO | 10 B General Purpose Input Qutput RESET apofe) #
&R0 [:] ] i7 General Purpose Input Dutput — sl
GO | 10 i General Purpose Input Dutput f
GROE | 10 1 General Purpase nputOutput 6710110 GFIONS) ;
GRIOW | 10 18 Genera Purpase Inuf/Cutput ST aotz) 18
GO | 10 il Beneral Purpose Input Qutput -
GO | 10 i Beneral Purpose Input Qutput W WOl 4
GRIOJE | 10 4 Gengral Purpose InputDutput R anoft) 11
GO | D 1 Genera Pumase Input/Cutput - J— T 166
GRIO[O | WO § Genera Pumase Input/Cutput ' nl
GRIOME | MO il Genera Purpase Input Qutput i e
i i1
RAD | § Regeive dats . -
110 0 i Transmit data | e
e I 8 Clear to send (actve low) B ndl i
AT# 0 Request to send (aciive low] ]
284 Growd "
e ] i 3B data pus | Rem
] (] i USE data minus ' .
MoE | 1] 1] Resened ‘ R
20 il
Il‘l|_‘|.| ::4 ‘\|'|,|:
GND i GND

{C21 Class 2 Bluetooth OEM Module Feofprint

Layout Guidelings

The area around the KC21 module should he fres of any ground planes, irace roufings, or metal for at least 260 mil fom the antenna in al
directions. Traces shauld nat b routed undemaath the madule.

62004 KC Wirafrea LLC wiw kewirefree.com
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MicrROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC1EFET3
= PIC1G6FET4

+ PICIGFETS
» PICIGFETT

Microcontroller Core Features:
+ High perfarmance RISC CRU
Cnly 35 single word Instructions b lzam
All singe cycle Inslrussions excaps for program
branches which are bwo cyale
Ciperaling speed: OC - 20 MHz ciock Input
OG- 200 ns mstnection oyl
Up to &% % 14 wonds of FLASH Program Mamary,
Up to 358 x & byies of Data Mamary (RAM)
Up to 236 x & bytes of EEPROM Cata Memory
Pinout compatible to the PICISCTIBTAETETT
ntarmupt capabilty (up 1o 14 sources)
Elght Ievel d2ep harmwars stack
Dir=et, Indirzct and refaiive agdressing modes
Power-on Resst [POR)
Power-up TImer [PWRT) and
Ciscliator Start-up Timer [D5T)
Wakchdog Timer (WDT) with Its own an-chip RC
sClliator for rellable operation
Programmable code protaction
Power saving SLEEP made
Selectable oscllalor optians
oW power, high speed CMOS FLAZHEERPROM
technalgy
Fully static design
n-Circult Sarial Programming™ (ICSP) via two
pins
Single 5V In-Circult Serlal Programming capablity
n-Circult Debugging via two pins
Processor reanarile 300285 10 POgEM Mamany
Wigs operaling volage range: 20V o 5.5V
High SnkiSource Cument 25 ma
Commercial, Industial and Extendad iemperature
ranges
LOW-pawer consumption
- 0.5 mA iyplical @ 3V, 4 MHz
- 20wt typheal @ 3V, 32 kHz
- =1 pA typical stanooy curent

Pin Diagram
POIP
T3
womwe —=01 ' g[d=— nowan
RADEHD e [ 2 1[0 G
A a3 H[]=—= &
AN a4 il E—
L e Y u[]+— nmwrau
RAVTOCK] e [T 1[0 M
nam_mE au[]7 T ¥ [ a—= pm
RIS a8 Pe 33[]a— REowT
RO o [ = 71 [] st W01
nefEss —=Ouw 5 2J—us
vo—eOn @ R[0=—= ROwET
Ve 12 @ H[]e— REPS
OSSR — [ 13 E 2 [ a—= prapoEs
DECTLLEDLT -—»P ] 14 E 71 [+ ROWPSRd
ROZTHISOTICK] w—w [] 13 2 [] o= ROTRKDT
FCNTIDENTE e [ 16 24 [ s RONTHEK
BOXNDOP a—e[] 17 ] +—+ ROABDD
RovsowscL == 1a 71 [ = Roasoesna
[l o Y [ == ROIPSEI
REAREH a3 3 [Ja—s RO2PSD

Peripheral Features:

Timard: 8-oit timaricounser wih 3-bit prezcaler
Timard: 16-bit tmesicounter with prascaler,

can be Incremented during SLEEF via extemal
crystalciock

Timer2: 2-blt dmericounter wih 3-bit period
reqglster, prascaier and postscaler

Two Capture, Compare, PWM modulzs

- Capturs I 16-b%, max. resoltion 5 12.5 n

- Compace Is 15-0lL max. resalusion 5 200 ng

- PWM may. resolution Is 10-oi

« 10-bit mult-zhannal Anaiog-ko-Digial converier
Synchronaus Senal Fart (559 with S91™ Master
minde) and P MastenSiave)

Universal Synchronous Asynchroncus Recelve
Transmiter (USARTISCI) wih 9-bit acdress
detection

Paralel Slave For (PER) E-bis wide, wih
axtemal RO, W and T5 controls (40/24-pin only)
Srown-oul detzctian dreury for

Srown-cult Reset (SR

& 2004 Microchip Technokgy Inc.
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PIC16F87X

Kay Features
PICTlcro™ Mid-Range Refarance |  PICIEFETS | PICISFT4 | PICIGFE7e |  PIC1EFETT
Manual (DS33023)
Operaling Frequency DC-20MMz | OC-20MHz | DC-T0MHz | DC-20MAz
RESETS (and DEayE) BOR, BOR FOR EOR | DOR, 6OR FOR, BOR
(PWRT,OST) | (PWRT.CST) | (PWRT,0ST) | (PWRT,CST)
FLAZH Brog
y 4-t-?:=1:=':?m 8K 5 3 B
Tata Memary (0yies) T, T % )
ZEPROM Data MeTary 128 12 2% 256
e ¥ T B T
G Ports FoEABLC | FOSABCLOE | FOBABLC | Fars ABCLOE
Timers 3 3 3 3
T apire Compare Vi Modiee 2 7 7 7
Serial Communicalon MESF, USART | MGSP, USART | MSSF, USART | MESP, USART
Paralie| Communlzations -_— pza -_— FZR
10-oit Ara :g-‘.:-EI l;"i Moduls L1 '|F'J|.|3'|E.'|TE|5 3 |rF||..'. charmels | 5 '|F'J|. channels | 3 |rFl|.|'. chammes
nsnuction Sat 35 Insfructions 35 Instnuctions 35 nstruciions 35 Insinuctions

& 2004 Microchip Technolbgy Inc.
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PIC16F87X

TAELE1-2:  PIC16FE74 AND PIC1GFETT PINOUT DESCRIPFTION

DOIF | PLGE | QFF | WDIP Buffar
PIn Hams Depoription
Ping | Ping Ping | Tyoe Type "
CACACLEIN 13 14 3 | anicmoat | oscikator crysial Inputiewi=mal clock souts Input
CACHTLKOUT 14 15 k| o - Dsclliator crysial oufpet. Conmects o crysial or resonator
n cryssal asciialor mode. In AT mode, D202 pin outpus
CLESUT which has 112 the frequency of S35, and
denofes the Insruction cyche rae.
MCLRA PR 1 2 12 i BT Master Clear (Reset Input or programming velage Input
Thiz pin ks an aciive lw REEET o ine devie
FORTA |5 a bdireciional D pork.
RADAND 2 3 18 [} TTL RAL can also be anakog Inputd.
RATIAM1 3 4 2 [i=] TIL RAf can 2is0 be anakg Inputi.
LA 2IAM 2N REF- 4 5 2 [} TTL RAZ can also be anakog Input2 or pegaive
analog reference woltage.
RAZANIVREF+ -] E 2 (=} TIL RAZ can aiso be anaksg Input? or poshve
analag referarce valtage.
RALITOCK] B 7 23 1 BT RA4 can 3iso be ihe dock Inpul 1o the TimerD e
oourfer, Sutpet [s apen drain Gipe.
FLAGTTANS 7 H 2 [l T FAS Can 250 be analog INpubs or fe slaee seiectfor
the syrchronous sarisl port
FORTE |5 a pi-directional KO port. PORTE can be soft-
ware programmed for inbernal weak puli-op on all Inputs.
RBLINT 33 38 3 e | et RED can 20 be the =xsrnal interupt pin
RB1 £ EE a 1 TIL
RB2 35 38 10 (] TIL
REIPEM £ kL] 1 [i=] TIL RS2 can ais0 be ihe low woltage programming Inpet,
REZ e a1 12 1 TIL IntErupl-cr-charge pin.
RES k] a2 15 i TiL Interupt-cr-change pin.
REEPEC EE] 43 15 | o | TroeTH Interupl-or-change pin of ir-Crout Debugger pn
Seral programming clock.
RETIPED 40 & 17| o | et Intemrupt-cr-change pin of in-Clrout Debugger pin
Seral programming data.

Legend: | = Input O = output

— = ot

e

U0 = Inputicutput
TTL = TTL Input
Node 1: This buter ks a Schmitt Trigger input when configuned as an sxtennal inf=muzd.
& This buter ks a Schmitt Trigger Input when wsed b Sarial Programming mode.
2 This Dutter ks a Schmitt Trigger input whin configured as genaral purpose 10 2nd a TTL Input when usad nihe Paralls
Slave Port mode (lor Int=rfacing bo a microprocessor bes)
4: This Dutter 15 a Schmitt Trigger input when configured In RC osciiaior moge and @ CMOS Inout ofnenaise

P = poier

2T = Schmitt Trigper inpak

0a302sac-
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TABLE 1-2:  PIC16FET4 AND PIC1GFETT PINQUT DESCRIPTION [CONTINUED)

OIF PLCC | QFF | vom Budlar
2Ir Hama Degoriptian
Pir® | Fing PirE | Tvpa Troe g
POATC I3 3 bh-dlrechonal 170 porl.
RCOMICACTICK | 15 16 32 [[{=} ET RO can also ke the Timer] osclisior culput ora
Timer] clock Inpat
RCAMICANCEPL 16 18 35 [{=} BT RC1 can also ke the Timer] oscliyior Ingut or
Caphured InpuliCompare oulpul P2 oulpud.
RCZIGCP1 17 15 36 [{=} BT RCZ can also ke the Capturet Input'Companed
cutpub=EE oulput.
RCHICHESCL 18 20 7 [jx] ET RT3 can also be e i;."._:r'r:-'.:u: seral clock inpul!
output for Dot 271 and FC modes.
RC40HA0A a3 s 22 [}=] ET RZ4 can qlsob-e:re 2P| Caka In (281 mode) or
data 1D {1°C mods),
RCS200 L i a3 [[{=} BT RCE can also b= the 2P| Data Ot {3P) mode).
RCETHICK a5 a7 == [jx] ET RCE can also be e UBART Asynchronous Transmit
or Bynchranous Chack.
RETRTDT 6 25 1 [[j¥] T RCT can also be e UIBART Asynchronous Recetns
or Bynchroncus Data.
POATD I & bdireclional D port or paraile] slave port
when Intsrfacing to & microprocessor bus.
RCOFSFD 19 by 38 [j=} ETITTLE
ROHFEF m b2 3 | o | emET®
ROZFEF2 bl 1 a1 | o | emETL®
ROZFIFY a2 24 at [jx} ETITTLIR
RO4/FEPS 7 n 2 [ 3 g
ROSFEPS bl 3 3 i | osTT®
ROSF2PE 2 kR 4 i | e
ROTFEFT Eh| EE] 5 i | sTml®
POATE Iz a bi-drectonal U2 port
RENRDVANS H H 2 | o | amTl® RE0 can akso be read contol for S paralel slaee
port, or analag IRpus.
RE1TWRIANE 3 10 2% | o | amTl® RE1 can akso be wrbs control for the paralsl slxe
port, or analag IRpuE.
RE2ITEIANT 10 1 7 | o | emeT® RE2 can akso be paect contal for ihe paraliel sayve
part, or analag Input?.
] 1231 | 1334 | 6,9 F - Ground reference for logic and WO pins
VED 32| 1238 | 7,28 F - Pogittve supoly for logk and 170 pins.
NC — 11728, | 12,13, - These prs are not Inkernally connected. These pins
40 33,34 should be l=f unconnecied.
Legend: [ = input O w ouiput 17 = Inpaskoasipat F = power
— = Mot used TTL = TTL Inpust BT = Schmiz Trigger Input

Mot 12 Tris mutter |3 & Schmi® Trigger input whan configured as an =xisrnal Inerupt.

S

hils Dutter 15 @ Schimilt Trigger inpt winzn used In 2eral Programming mode:

& Thils ouller b5 & Schmil® Trigger Input whan configured as general purpose 7S and & TTL Input when used In the Paralls
Slave Port mode (for Imefacihng i & microprocessor bus).
4 This ouller b5 & 3chmil® Trigger Input wihan configured In RC oscliator mods and & SMCS Input othenvise.

]
& 2004 Microchip Technakogy Inc.
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PIC16F87X

TAELE10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =0)

Foag =30 MHz Foge = 18 MHz Foa = 10 MHz
Bn::.lf? " SPERD " SPERD § SPERD
W | kaun  EmRoR m‘;::ﬂ"._\ WBAUD ERROR m::::u HEAUD ERROR m‘;::ﬂ"._\
e R . R . . N . . R
iz 1.2 176 245 1.2 o7 F. i 1.202 o7 128
4 e ot 128 24 o7 s LA o7 M
L] ] im L [ V] 5 . 7 18
0T | s 1.7 18 I 08 12 19531 in 7
dBE | RIS a5 w I 388 8 nis0 &N 4
e | MR a5 H 5T 8 é s el 4
ETE | EEW a5 4 H2 50 BE - e 2
HGH | 1.2 - 25 oem - P 0gi0 - 25
Lo | Bi2EN - 2] i AR ] - 5 158 350 - 2]
Fra =4 Mz Frgc = 3,5884 MHz
BALID
" Iy Iy
) HEALD ERROA [ducimal] | KEALD ERhon -:-:::::nl_\
03 0300 i F- [iE] a 1
1.2 1.2 417 L4l iz a a7
T4 2404 a7 % 14 i B
wd B L1 # 1] i -]
02 | 3083 L1 & a2 i 2
BE | 3250 L1 i i1} i i
X} . . . . B -
74 | 250 &E [ £78 a [:}
HEZH | D234 . 55 ons 25
Lo | exsl . ¥ &8 5]
TAELE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE [BRGH =1)
Fioge = 20 MHz Foac = 18 MH2 Fode = 10 MKz
BALD
Iy % S % o % S
! EBAUD ERAGR (dezimal] WEALUD ERRGR isacm ) EBAUD ERACH isaimaly
K] . - . - . - . - -
12 - - - - - - - - -
24 . . . - . - 241 M 25
wd ik (] 1 s hi& 108 b5 s &
0 | R ] £ b )| Qe 5t B k7 Bl
®E | mOrd ] £ 22 1% = 28400 138 Fi|
e | TTee nEs 3% g om .} JLmE 10 18
68 | Shn 334 i BEN 1% 1 SLEE 138 0
HISH | 4885 - F ] - =5 2441 - =5
LA | 1250000 - a LRI 1] A28 000 - 1]
Foac =4 MHz Fooo = 32884 MHz
BALD
. LI~y -4
) HBALID o [diecimal) | KBAUD ERRON [diwed a)
] B R B .
1.2 1.2 o a7 12 a m
4 240 o 08 4 a 95
el e big 5 L] a %
1w | ThaR aig 12 1w a b
BE | TR i1 ] JE a 7
& | 3T ax ] B i ]
8 | a2EH0 B& 3 ETE a 3
HIGH g . i [al'] i
LA | 380000 - ] il ]

]
D320252C- & 2001 Microchls Technology Inc
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TABLE12-2: CAPACITOR SELECTION FOR

CRYSTAL OSCILLATCR
Osc Typs I:Fr:':rl Cap.cﬁ:langa Eap.{l:!zangn
LP | 32kkz 3P 3pF
AAkHz | EpF 1E0F
WT | 00RAz | ATEIpr | ATEApF
MKz EpF 1E0F
MRz S 15 pF
AE | 2MRz B 1EQF
EMRz | 15-33pF | 1%-33pF
WAz | 1E33pr | 13pF

Ses noiee Tollowing this &ble

Thasa valuag are for design guldance only.

1223 RCOSCILLATOR

For fiming Insenclilve apolications, the “RC" sevice
oplion offers addilonal cost 23uings. The RC oscliator
frequancy Is a funcilon of he supgly voitage, e reels-
bor (Rt} and capacitor (CExT) valugs, and the operat-
Ing temperalure. In addlion to this, the oscliator
frequancy will vary from unit b2 unit gue to nomal pro-
cess parameler varallon. Furthemmore, the ditzrence
In l2ad frame capaciance between packags types wll
alsa aftzct Ine pscliaion frequancy, especially for low
CExT valugs. The user alsa needs 1o ke Inta account
varlation due to wlerance of extemal R and C compo-
rents used. Figure 12-3 shows now Ihe RIC combing-
tion 1= corneciad to the PICIEFETAL

FIGURE 12-3: RC OSCILLATOR MODE

Crystale Used

C

32 kHz | Epson C-DOTR3Z.TESK-A | +20 PPM
200 kHz | STD XTL 200.000KHzZ + 20 PPM
1 MHz ECE ECE-10-1341 + 50 PPM
£ MHz ECE ECE-40-2041 + 50 PPM
SMHz |EPSONCA-301 3.000M-C | + 30 FRM
20MHz | EPSOMN CA-301 20.000M- | + 30 PPM

P PRETTIS
Q2 [, s
)Tj—b Clock

PIC1EFETH

“—— QECZCLROUT
FoaGy

Recommended values: 3 kQ £ REXT £ 100 k2
CExT = 20pF

Mots 1: Higher capaciiance Incraases ihe stabily
of oscliiator, but also Increases the stan-
up time.

2 Zinca each resonatorcrystl has s dan
characterisiics. Te user shauld consult the
resonatoricrystal manutachurer for appro-
priate valuzs of extemal companents.

3 R, may b= required In HS mate, 35 wel
& KT mode. to vold overdriving crystals
with low arlve level specification.

& Whnen migratihg from ofmer PICmic

EE\'|EEG-.IJEE||HD:ITFEITITI'HH1EE snould b=
veried.

0a30253c-
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10,0 ADDRESSABLE UNIVERSAL
SYMCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchnanous ASynchronous Receher
Transmitier {UISART) module ks one of e two serial
VD modules. (USART Is akso known 3s a Seral Com-
munieations Interfacs or SC1) The USART can be con-
fgured 36 3 full duplex asynchronous system fhat can
communicate with perpheral sevices such as CRT fer-
minals and personal compuiers, o It can be configured
36 @ half guplex synchronous system that can commu-
nizate with peripneral devices such as AID or D04 Inie-
qgraled circuls, senal EEPROMs et

The USART can be configured In the folizsing modes:

« ASYREATANGLS Ul duplex)

« SYNERanaLs - Master (Malt duplex)

« SYNERIINALS - Slave (half dupkey)

Bl SPEN [RCSETA=T=) and bile TRISC<T.6= have 1o
be Eet I order 1o configure ping RCETXICK and
RCTIRXDT 2 the Unlversal Synchranous Asynchra-
nous Recslver Transmitiar

The USART moduis 350 has 3 MUS-pracessar oom-
munizatian capability using &bt address detecton,

REGISTER 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

R R0 A0

AAW-0 Ul R0 R-1 R0

[ ceac [ e [ omwew [ s [ — [eRed [ mAwT | Toap |

[TH Bitd
b7 CSRE: Clack Source Select bt

ASYNCNIoNaUE mode:

Don't care

SYNCOMONGUS o0
1= Masler mode [ock generatad Internally *rom BRE)
0= Slave mode l:l:ll:ct Tram extemal source)

bt E THD: 3-bit Transmit Enalle b
1= 52lects B-bi ransmission
0= S2lects B-bR ransmission

bt s TXEM: Transm® Enzbilz ol
1 = Transmit enabled
0= Transmit disabled

Note: SRENCREM overndas TKEN In SYMC maogs,

() BYNC: USART Mode Sefect b

1= Syncnronaus maode
0 = ASYTCIMNoUS mode

b2 Unimplemantsd: Read as 7'

btz BRGH: High Baud Rale Salect bit

Asynchionaus mods:
1= High speed
o= LoW spea

SYNCOMONGUS o0
Uriused In this mode

b TRMT. Transmit Shit Register Sabus bR
1 =TSR emply
0= TR full
LD THAD: Eh bit of Transmil Data, can be party bi
Legend:
R = Readatble olt W = Wilable oit U = Linimplemanted bit, read as ‘T"

- N =Vale at POR

'1"= Bl Ig eet

‘I'=EBRls cleared  x = Bitls uninoan

& 2004 Micrackip Technokgy Inc.
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REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER [ADDRESS 18h)
AW RWO ARWD  RWD AW R0 Rl R-x

[ SPEN | AXs | SREN | CREN | ADDEN | FERA | OERA | R0

be7 oo

bt 7 SPEN: Sarial Por Enabie bt
1 = Senal port enabled (congures RCTRIVDT and RCETOCK ping a5 seral pord pingj
o = Sartal port dsabisd
btE RI3: 3-bit Receive Enabie bt
1= Salects B0t receplion
0 = Sebects 50t receplion
bt & SREN: Singie Receive Enatle on

Dion't care

ENTEhTIROUE mode « MaESeT
1= Enanles sngie recene
o= Disabies sngle recelve
This ol i5 cisared afler reception I compiess.
SyneheDrous mose - §ave:
Dont care
bt d CREM: Contnuous Receive Enable bt

Azyncheonoys mads,
1 = Enables coNTMUOUS recehe
o = Dilsabieh CONINLOUS reselve

SYNChTEQUS mods:
1= Enzbles conMRUOUS recele unbl anatie bit CREN is clsarad (CREN guermizes SREN)
o= Dilsabies CONSNLOUS Medeive
bt 3 ADDEMN: Anaress Detact Enabie bt
1 = Erabies addness delection, enabies Inberrupt and load of e recelve buller when
R5R<8= 5 pol
o= Disabies »30ress debeclion, 2l Dytes e recalved, and ninfh b can be Used 35 party bil
bit 2 FERR: Framing Emor kit
1= Framing &Tor {can be updated by reading RCREG register and recshve next valld bybe)
0= Np raming emor
bt 1 QERR- Crvermun Error bt
1 = OWESTUR FT2F jan b cieared by cearing bk CREN)
0= NO Gvemyun gemor
6t RICSD: 57 it o Received Dat (530 be partty bR, Dut Mgt be caloulates Oy User Sware)

Legend
R = Readatis bR W = Wriiabie bR U = Unimpiemented b, read a5 T
== Vae d PCR 1= B0 5wl =Bl ceared x=Bllsunthtmn

———/ "
Da3025ac- S 2901 Migrechin Techaoiogy I
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1.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-io-Diglisl (AD) Convertar maodule has fve
|I'IFLI15 for the 25-|:‘|I'| devices and El'gl'l'l for the ather
devices,

The analog input charg=s 3 sample and hold capacion
The cutpu? of the Eampie and hald capacaor ks he Input
Into the convertar The converter ihen generates a dig-
It resuIt o4 NIG 3nalog level via succesElve Approxima-
ton. The AD conversion of the anaiog Input signal
resUlls I 3 comespanding 10-0it digital number. The
AD madule has high and low voltage resrence Inpul
that s sofware selectabls to some combinatian of Voo,
Vag, RAZ, or RAZ.

The A/D converier nas 3 unijue Teaturz of being abe
%o operate whila the gevice 16 In SLEEP mode. To oper-
dle In SLEEF, the AD clock must be denved from the
A’z Intemnal RC asclliator,

The A'D module Nas four registers. Thesa ragletars
ars:

« AD Result High Reqister (ADRESH)

* AD Result Low Reglsler (ADRESEL)

+ &/D Control Reglsterd (ADCOND)

« AD Conlrol Reglster! (ADCCMNT)

The ADCOMO reglster, shown In Register 11-1, con-
troks the operation of the A/'D module. The ADCCNA
reqlster, shown In Reglster 11-2, conflgures the func-
tionz of the part pins. The port ping can be configursd
a5 analog Inputs (RAZ can also be ihe watage retzr-
ence), or a5 digital 10,

Addzianal Infarmation on usig the A'D madule can be
found In the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (D533023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS: 1Fh)

R0 AW R0

RWED RV -0 13 RW-D

[ 4DCS1 | ADCSD | cHEZ | CHst | CHSD | GDDONE| — | ADON |

bt 7

bR

7 ADCS1-ADCED: AT Conversion Clock 32iect biis

0o =Fosci2
0L = Fascid
10 = Fiasci32

11 = Fiie: (icdock dertved from ine inbemal AD module RC oscllator)

el CHEZ:CHED: Analog Channed Seleg biis

0o0 = channgl O, (RADAND)
0o1 = channal 1, (RATANT)
010 = channal 2, (RAZANZ)
011 = channel 3, (RATANG)
100 = channizl 4, (RASIAN)
101 = channel 5, (REQANS)
110 = charnel & (RE1ANE)]
111 = gharnel 7, (RE2ANT)I

btz GIWDONE: AD Conversion Saius kit

LapoM=1;

1= AD coniversian In progress (ssifing fiis bR stars the AD conversian)
0= AT converslan natIn progress j¢hls % 15 automatically clzared by Rardwan: whan the AD

CONVETEIIN |5 compie)

Lt Unimplemanied: Readas 'l
[c131] ADON: AT Cn it
1= A'D converer maduie ks operaling

0= A'D convarer maduie ks shul-of and consumes no operating cumant

Hote 1 These channels are not avalable an PIC1ESETIETS devloes.

Legend
R = Faataniz bt WeWranle bl U= Unimplementd bt read 35 T
-n=alue at POR '{" = Bl gt T-Stisvkaed  x=Bitls unkngan

& 2004 Microchip Technokgy Inc.
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

U4 uU-0 RW-0 U-0 RAW-0 RW-D R0 RW-0
[ADFM | — | = | — | PCFE3 | PCFG2 | PCFGI | PCFGD
bt 7 plita
bk 7 ADFM: A'D Resull Format Salect it
1 = Right |usitied. & Most Significant bis of ADRESH are read a6 'T"
= Left justified & Least Signifcant bits of ADRESL are read as 7"
bit E-4 Unimpiamentad: Read as ‘0"
bit 3-D PCFGI-PCFGD: A'D Por Configuration Control bits
FCFEd: | ANT AH:!'“ AME' | AH4 | AN | AMZ | ANY | Am0 - f’""F'.
PCFGD | REZ | AE1 | RED | RAE | RA3 | RAZ | RA1 | Ras Fistgl”
oine | A A A A A A LA [ s [ voe | ws | am
oonl | A A A A fweee | A | A | & [Raz|ws | m
e | o o [ A A Al oAl a [ voon | vs | mn
il | o o o A Jweee | a | A [ a [Raz s | 4
o0 | o o [ o A o | A | & [ von | s | am
il | o o [ o fweere | o | A | A [Raz|owsm |
flx | O o 2 o o o | o | o | vee | wse| om
e | A A A A [weere [umee-] A [ & [Ra2 Rz a2
il | o o A A A Al oAl a [ voo | vs | an
e | o o A A fweee | A | A [ & [maz | ows |
il | o o A A | veere [vmee- | A [ & [ Raz | maz | a2
e | o o [ A | veere [vmee| A | & [ Raz | maz| a2
1 | o o [ o | veeee [vmee| A [ & [ Raz|maz| 22
1 | o o o o o o | o[ & [voo| v |
1l | o o [ o |veere [vmee| o | A [ Raz|maz| 2
A= Angiog input D = Dighal 1D

Mote 1: These channels are not avalable on PIC16F3T3E76 devices
2. This column Indicates the number of analog channels avallable as AT Inputs and
he numbser of analog channels used as vollage refarence Inpuls.

Legent
R = Readable bt
- N = Yalue 3t POR

W = Wirttabie bit
1" = BR |5 Be1

U = Unimplementad bit, read as 0"
10" = Bit ks cleared = Bit Iz uninoan

The ADRESH.ADRESL regelers contain the 10-DR
resuit of the A'D conversion, Whan the A/'D conversion
|6 compiete, the rEEﬂD!d!d it this AT result reg-
Ister palr, the GOWIONE bt (ADCOND<2=) |5 clearsd
and the A/D Intermupt ag bt ADIF ks 52t The Diock dia-
gram of the AD madule Is shown In Figure 11-1,

After the AD module has b=en configurad as geslred
e selecied channel must be acquired Defore e con-
version 5 started The analg npul channsls must
have thelr comasponding TRIS Dits selected as Inputs

To petermine sample Ume, se2 Seclion 11.1. Afer his
acquisition tme has elapsad, ihe AD conversion can
be started.

C330352C-

& 2001 Micrechin Techmalogy Inc
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I
EAIRCHILD

SEMICONDLICTOR®

www.fairchildsemi.com

MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

Outpt Curent vp 1o 14
~ Cutpur Vlrages of 5, 6, 8,9, 10, 12, 15, 18, 24V
- Thermal Overload Protection

 Cutpnt Transistor Safe Operating Area Protection

Internal Block Digram

.....

Description

The MCTEOUIMTEO0MCTERDA series of thres
termina] positive remulators are available i the
TO-IXND-PAE package and with several fixed output
valiages, making them wseful in 2 wide range of

themmal shut down and safe operating area prodection,
making it essentially indestmactible. If adequate heat sinking
i provided, they cm deliver over 1A oufput cumrent.
Although designed primanily a5 fized voltage regulators,
these devices can be used with external components to
aibfain adjustable voltazes and currents.

Py B
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o
FRCTIFCTEH -
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WOLIOE

i
5
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P
THERMAL -
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€001 Fairchild Semkconducior Conporation
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MCTEXLNTRICUMOTEN A

Absolute Maximum Ratings

Parameter Symbaol Value Unit
Input Voltage (for Vio = 5V 10 1E8V) 35 L)
(for ViD= 24V X 40 v
Themmal Resisiance Junclion-Cases (TO-220) RaJc 5 oW
Themnal Resistance Junction-Air (TO-220) Ras Li:d “Chw
Cperatng Terperaturs Range TORR O~#125 ‘c
Siorape Temperature Range TsTe 65~ £150 “c

Electrical Characteristics (MC7805/LM7805)

(Riefer to test arcuit 0FC < Ty < 125°C, I = 500méA, V) = 10V, C= DL33F, Co= 0LIpF, unless othermise specfied)

Parameater Symibal Conditions F.HI:THEIS.ILM?E:&S Unit
Min | Typ. | Max.
TJ=+25%C 48 | 40 | 52
Output Voltage Vo | BOmA =< ko = 1.04 Po < 18W iy
Wi=TV e 20V 475 | G0 | 628 ’
. - . . cam | V2TV 25V 40 | 100
Line Reguation (Mote1) Regline | Ty/=+25°C TR TR my
o =5.0mb ol 58 ]
Load Regulation (Note1) Regioad | Tj=+25°C o =250mA to 4 - my
TADm& -
Cuiescant Current Iz TJ=+25C a0 | an mé
) oy =5m& o 1.04 0od | o0s
Quiescent Current Change Alg =T n T FEEE mé,
Cutput Voltape Drift AVAT | lo=Sma 08 mvi °C
Cutput Moss Voltage Vi | f= 105z to 100KHz, Ta=225°C a2 pVo
Siople Reiection RR L& Ay e | 45
Cropout Voliage Vorp | lo= 18 Ty=+25°C 2 v
Cutput Resstance o | f=1KHz 15 ek
Shaort Cireuit Current lgz | Wi=38V, Ta=+255C 230 mé
Feak Current I | Tu==25°C 22 &
Hote:

1. Load and ine regulaton are spasfied at conslant juncion emperalure. Changas in Ve dug 10 healing effects must be aken

Mo axcount separaely. Pulss tesing with kow duty |s usss
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Data Pack £

lssued March 1997 232-2958

Data Sheet

Temperature sensor ic
LM35CZ and LM35DZ

The LIM3S is a precision semiconducior tempersture
s=nzor giving an output of 10mV per degree
Cemtigrade. Unlike davices with outputs proportional
to 1he abschute temperatore (n degress E=lin) there
is o large offeet woliage which, m most applications,
will e to be remorved.

Accuracies of W"C at room temperaturs o %0 over
the fall tempeTature range ars typical

Absolute masdmum ratings Het= 10

Supplyvolmge #1502V
Clutput vokame +EV b L0V
Chatput curredd 10mA

Storage tempersturs, TO-9Z packsge 607 +150°C
L=ad temperature (soldening, 10 ssconds) ___ZE0°T
Specified cperating temperaturs cange
Tz 10 Tygyy (Hokm Z)
AT +110°C
"o +100°C

LM3sCZ
M350z

RS stock numbers 317-954 and 317-960

Features

& Caput proportional bo "2

@ Vide tsmparasture rangs -40°C 1o +110°C
[CZwerzion)

® Acourate ', 'C at room i=smperaiure typical

#® Lin=ar catpunt O.2°C rypical

@ Low ourrent drain (8 0uf typical)

@ Low salfbeating (0.0 C typical)

@ Ciputimpedancs 0,10 st lmA

® Ztandard TOS2 package.

Pin connections

TO-82
Plastic package

BOTIGMN VN
Package details
. —— . B s
FreT- l"l- G d i .
1 =
RE 1
Ladiig T - _T_

T >

[ F ]

waA I"Bl::
grearivis)
Irufikn
]
e
LE L ELE [URED - & 9
e v T
1141- L1 ol ki
el
2
n 1. Bl — 1 Y

nan

[T

_L ‘m,m

Wran N7 e
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232-2958

Electrical characteristics Hote 1) (Hots &)

LMASCE, IM350Z
Paramriar Comd tloms Tested | Design Urilis
Typkal | Limi Lirnit el
{Mote d) | Meta 5)
Accuracy, Ta = +2F°C 04 £ld *C
[M3E, [M222 Tp=-10°C HE 1§ C
Mt T) To = T 2 21§ C
T = Taums e 20
Aocuracy, Ta = #2872 HE L5 "z
[MIED To = T 13 20 C
Mot T) Ta=Tum .3 210 C
Non linsarity o TesThane 0.2 .5 C
(Hets E)
Sensor gain Tz Tt Toans +1080 A8 mVFC
[Avarags sleps) +10.2
Liad requlafion Ty = +25°C 4 +210 mVimA
Mot 1) Jsf£lmA TuptTeTie 0.5 5.0 o¥imA
Lina regdaticn Ta = #28°C 001 =01 m¥
Motz ) AANELDV +0.02 +11.2 mV
Chuissoert current ¥s = +0V, +2E°C 1 ED ph
Motz B) 5= +5V el 128 ph
Vi = +20V, +26°C BE.2 E2 ph
¥y = #3W 915 1 ph
Chamgs of N0V, +25°3C [ 20 ph
giasTan curran a0y 05 an 1.}
Motz 3)
Ternparahire coafficiam of +0.39 .7 s
giesoan curran
Mxirum femparatura In ciromit of +1E +20 C
fer rmiad accwracy Figma ], =0
Long barm stbiity Tp-Taamze, for +.02 C
1000 hours
Moo

L.

Uik offarwisa nokd, fasa hoations apply. 40T + 11070 for tha IMASGC and 0"+ 1007 C dor e LIMIEE: Wy = +5Wd ard
Toge = 0K, e cout of Houre 2 Thass spacticatins ase 3pply rom +2'C 40 Tyyy 0 tha ctosuil of Aiguee L. Spaciications in
beolc¥ars appdy owver fhe Ml rated temparaura Tangs.

Tharmial rastanca of tha TCO-92 packags is L0°5W functon o ambiant.

Ba;g:mmu measirad o coratant juncion emparaioes, nang pul festing wih 2 low Joty oy cle. Chandgs in auipok dos o hazthgefiaci
cafi ba compuied Iy mULpbing e imemal dissipation by ha ﬁn’ml]mu‘lm::.

4. Tasied XS ara Juaraniead and | 007 estad n prodoction.

‘Dhaign. Hmiis T quaraTiad (butnot 10 production msied | over ha ndicaied mparsiura and suppily wikegs Tmoes. Thasa 1mis ara
natused io caloulda ouigoing quatity levels.

Spactications inboldface appy ovar tha follraied famperatore range.

Accuracy i definad a5 tha arnor bobweaan e oulprot waitagm and 10mY® C tmas fa davice’s case lemparaiura, it spacifiad condions of
votlage, current, and famparatie facprased "G

Ko naartty i Jeftred. & ha Javation of tha cufot-eolace- veraus- Kmparaiira cunva rom Ha bt st Ine, over fia davice’s
Tiadlamperiine [anga.

Canascant currant s defined in fhe circoll ol Rugura 1.

. Absolre Madmom [Hindgs madcTia dmis bayord which damaoe o tha davice may coour. 30 ard & ckectical pacticTtions o oot

araurad whin oparatng tha davice 2f anot Manimom CArgs.
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Copyright 82004 microEngineering Labs, Inc.
All rights reserved.

This manual describes the use and operation of the PicBasic Pro
Compiler fram microEngineering Labs, Inc. Use of the PicBasic Pro
Compiler withaul first seblaining alicense is a violation of law. To obtain a
license, along with the latest version of the product and dacumentation,
contacl microEnginearing Labs, Inc

Publication and redistribution of this manual aver the Internel or in any
oather medium without prior wrillen consent is expressly forbidden. In all
cases this copyright notice must remain intactand unchanged

microEnginearing Labs, Inc.

Box 60038

Colorado Springs CO 809600039
(719) 520-5323

(T19) 520-1867 fax

email: support@melabs.com
web: www.melabs.com

TRADEMARKS

EPIC and PicBasic Pro are trademarks of microEngineering Labs, Inc
BASIC Stamp is a trademark of Parallax, Inc.
PICmicro is a registered trademark of Microchip Technalogy Inc.
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417.12. SIN

SIN returns the B-bit sine of a value. The resullis in two's complemant
form {i.e. -127 10 127). It uses a gquartar-wave lokup table 1o find the
rasult. Sine starts with a value in binary radians, 0 to 255, as opposad 10
the usual 0 to 359 degrees,

E1 = SIK EO
4.17.13. SQR
80R returns the square root of a value. Since PicBasic Pro only works
with integers, the result will always be an 8-bit integar no larger than the
actual result.

B0 - SQR Wl * Sets BO to sguare root of Wi

4.17.14. Bitwise Operators

Bitwise operators acton each bit of avalue in boolean fashion. Theycan
be used to isolate bits or add bits into a value.

E0 = B0 & 00000001 * Izoclate bit 0 of BO

B0 = B0 | 00000001 * Set bit 0 of BO

E0 = BO ~ %00000001 * Flip state of bit 0 of
EO

4.18. Comparison Operators

CCIITIpaI‘ECII‘I operators are used in IF. .THEN slalemants Lo compare
one expression with another. These comparisons are unsigned. They
cannot be used to check if a number is less than 0.

PicBasic Pro Compiler

Comparsan Cperator Description
= O mm Equal
<> of 'm Nat Equal
< Less Than
> Graater Than
<m Less Than or Equal
>m Greater Than or Equal

If i » 10 Then loop
4.19. Logical Operators

Logical operators differ from bilwise operations. They yield a trueffalse
rasull from their opermation. Values of 0 are treated as false. Any other
value is trealed as true. Thay are moslly used in conjunclion with the
comparison operalors in an IF. . THEN statement. The operators
supported are:

Lagical Operator Description

AND O && Logical AND

oRor || Logical OR

XKOR ar ~* Logical Exclusive OR

KOT or ! Lagical NOT
ARDKOT Logical NAND
OFROT Logical NOR
XORKOT Logical NXOR

If (A == big} AWD (E > mean} Then run

Be sure lo use parenthesis o lell PBP the exact order you want the
oparalions lo be performed
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5. PicBasic Pro Statement Reference

] Insert one line of assembly language code.

ADCIN Read on-chip analog to digital convarter.

ASM. .ENDASM Insert assambly language code secton.

BRANCH Computed GOTO (egquiv. to ON..GOTO).

BRANCHL BRANCH oul of page (long BRAKCH)

BUTTON Debounce and aulo-repeat input on specilied pin.
CALL Call assambly language subroutine,

CLEAR Zero all variables,

CLEARWDT Clear (lickle) Walchdog Timer,

COUNT Count number of pulses on a pin.

DATA Define initial contents of on-chip EEPROM.
DEBUG Asynchronous serial outpul to fixed pin and baud
DEBUGIN Asynchronous serial input from fixed pin and baud.
DISABLE Disable OF DEBUG and ON INTERRUET processing.

DISAELE DEEUG Disable 0N DEBUG processing.
DISABLE INTERRUPT Disable ON INTERRUPT processing.

DTMFOUT Produce touch-tone Trequencies on a pin.
EEPROM Define initial contents of on-chip EEPROM.
EHAELE Enable 0¥ DEBUG and O INTERRUPT processing.

ENABLE DEBUG Enable 0 DEBUG processing.

ENABLE INTERRUPT Enable O8N INTERRUFT processing.

EKD Stop program execution and enter low power mode.
ERASECODE Erase block of code mamory,

FOR. .NEXT Repeatedly execute statements in aloop.

FREQOUT Produce 1 or 2 frequencies on a pin.

GOSUB Call BASIC subroutine al specified label.

EOTO Conlinue executlion al specified labal.

HIGH Make pin output high.

HEWM Output hardware pulse width modulated pulse train.
HSERIN Hardware asynchronous serial input

HSERIN2 Hardware asynchronous serial input, second port.
HSEROUT Hardware asynchronous serial output.

HSEROUT2 Hardware asynchronous serial output, second port.
I2CREAD Read from FC device

I2CWRITE Wrile to °C device.

IF..THENK. .ELSE. .ERDIF Conditionally execule stataments.

PicBasic Pro Compiler

INPUT Make pin aninput

LCDIN Read from LCD RAM.

LCDOUT Display characters on LCD

{LET} Assign result of an expression 1o a variable,
LOOKDOWN Search constant table for value.

LOOKDOWN2 Search constant/ variable table for value.
LOOKUP Fatch constant value from table.

LOOKUP2 Fetch constant/ variable value from table.
LOW Maks pin cutpul lw.

HAP Powser down processor for short perod of time.
OF DEBUG Exscute BASIC debug monitor,

OF INTERRUPT Execule BASIC subroutine on an intemupt.
OWIN COne-wire input

OWOUT One-wirg outpul.

ouTPUT Make pin an output.

PAUSE Dalay {1 milisecond resslution ).

PAUSEUS Dalay {1 microsecond resclution).

PEEK Read byt from register.

PEEKCODE Read byte from code space.

POKE Wirite byte to register.

POKECODE Write byte to code space at device pragramming time
POT Read potentiometer on specified pin.

PULSIN Measure pulse width on a pin

PULSOUT Generale pulse on a pin

WM Cutput pulse width modulated pulse train to pin.
FARDOM Ganerale pseudo-random number,

RCTIME Moasure pulse width on a pin

READ Raad byle from on-chip EEPROM.

READCODE Read word from code memary.

REFEAT. .UNTILExecute statements unti condition s true.
RESUME Continue execution after interrupt handling.
RETURN Continue al statement following last GoSUB.
REVERSE Make output pin an input or an input pin an output.
SELECT cASE Compare a variable with different values

SERIN Asynchronous serdal input (BS1 style)

SERINZ Asynchronous seral input (BS2 style)

SEROUT Asynchronous seral outbul (BS1 style).

SEROUT2 Asynchronous seral outbul (BS2 style).

SHIFTIN Synchronous serial input.

SHIFTOUT Synchronous serial output.

SLEEP Power down processor for a period of time.
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5.2. ADCIN
ADCIN channel,Var

Read the on-chip analsg to digital converler Channel and slore the
regult in var. While the ADC registers can be accessed directly, ADCIN
makas the process a liltle sasier,

Bafore ADCIN can be used, the appropriate TRIS register must be sel to
make the desired pins inputs. ADCON1 or ANSEL also neads to be sat
o assign the desired pins to analog inputs and in some cases o set the
result format and clock source. See the Microchip data sheets for more
information on these registers and how to set tham for the specific
davicas.

Depending on the device, it may have an B-, 10- or 12-bit ADC. The high
bit of ADCON1 controls whether the result is left or right justified. In most
cases, B-bitresults should be left justified (ADCON1.7 = 0) and 10- and
12-bit results should be right justified (ADCON1.7 = 1).

Several DEFINES may also be used. The defaults are shown below:

DEFINE ADC_BITS 8 ' oset number of bits in
result (8, 10 or 12}

DEFINE ADC_CLOCKE 3 ' Set clock source (rc =
3}

DEFINE ADD_SAMPLEUS 50 ‘oget sampling time in

micreseconds

ADC_SAMPLEUS is the number of microseconds the program waits
batween selling the channel and starting the analog to digital
sonversion. This is the sampling ima. The minimum number of
microsaconds usable is determined by the minimum lime for PAUSEUDS.
See it's section for this information.

TRISA - 255 ' S=t PORTA to all input
ADCONL - 0 FORTA iz analog
ADCIN 0, EO Ezad channsl 0 to BO

PicBasic Pro Compiler

5.3. ASM..ENDASM

ASM
ENDASM

The AsM and ERDASM instructions tells PBP that the code between these
twao lines is in assembly language and should not be interpreted as
PicBasic Pro statements. You can use these two instructions to mix
assambly language code with PicBasic Pro statemants.

The maximum size for an assembler lext section is 8K. This is the
maximum size for the aclual source, including comments, not tha
genarated coda. Ifthe text block is larger than this, you must break it into
mulliple A5M. . ERDASM sections or simply include itin a separate file.

ASM resets the register page 1o 0. You must ensure that the register
page is resel lo 0 before ERDASM, if the assembly language code has
altered it.

EKDASM muslnot appear in a comment in the assembly language section
of the pragram. As the compiler cannot discern whal is happening in the
assembly section, an ERDASM anywhere in an AsSM section will cause the
compiler Lo revert to BASIC parsing.

See the sectlion on assembly language programming for more
information

ASM
baf PORTA, 0O : Set bit 0 on PORTA
bef PORTE, 0O : Clear bit 0 on PORTE
ENDASM
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5.30. HSERIN

i1

HSERIN {ParityLabel,}|{Timeout, Label, j[Ttem{, ..

Recaive one or more Teems from the hardware serial porl on devices that
support asynchronous serial communications in hardware.

HSERIN t5 one of several built-in asynchronous serial functions. Itcan
only be used with devices thathave a hardware USART. Sea the davice
data shaet for information on the sarial input pin and other paramaters,
The serial parameters and baud rate are specilied using DEFINES:

' Set receive register to receiver enabled
DEFINE HSER_RCSTA %0h

" Set transmit register to transmitter snablsd

DEFINE HSER_TXSTR 20h

' Set baud rate

DEFINE HSER_BAUD 2400

' Sst SPBRG directly (normally sst by HSER_BAUD)
DEFINE HSER_SPERG 25

HSER_RCSTA, HSER_TXS5Th and HSER_SPERG simply sel each
raspactive PICmicre MCU register, RCSTA, TXSTA and SPBRG to the
haxadecimal value DEFINE, once, al the baginning of the program. Sea
the Microchip data sheet for the device for more information on each of
these registers.

The TXSTA register BRGH bit (bit 2) controls the high speed mode for
the baud rate genemator. Certain baud rates at certain oscillator speeds
require this bitto be sel to operate properly. To do this, sel ESER_TXSTA
o 24h instead of 20h. Al baud rates at all oscilator speeds may notbe
supported by the device. See the Microchip data sheet for the hardware
saral port baud rate tables and additional information.

HSERIN assumes a 4MHz oscilator when calculating the baud rate. To
maintain the proper baud rate timing with other oscilator values, be sure
1o DEFIKE the 0sC selting o the new oscillator value.

PicBasic Pro Compiler

An optional Timeout and Label may be included to allow the program
to continue if a character is not received within a certain amount of time.
Timeout is specified in 1 milisecond units. If no character is received
during the Timecut ime, the program will exil the HSERIN command
and jump to nabel.

The serial data format defaults to 8N1, 8 data bits, no party bitand 1 stop
bit. TE1 (7 data bits, even parity, 1 stop bit) or 701 (T data bits, odd parity,
1 stop bit) can be enabled using one of the following DEFINES:

* Use only if even parity desired
DEFIKE HSER_EVEN 1

* Use only if odd parity desirsd
DEFIKE HSER_ODD 1

* Uae @ bita + parity
DEFIKE HSEER_BITE Ll

The parity setting, along with all of the olhaer HSER DEFIKES, alfact bath
HERIN and HSEROUT

An oplional ParityLabel may beincluded in the statement. The
program will continua at this lecation if a character with a parity error is
received. Itshould only be used if parity is enabled using one of the
preceding DEFINES.

As the hardware serial port only has a 2 byle input buffer, it can easiy
overflow if characters are notread from iteflen enough. When this
happens, the USART slops accepling new characlers and needs lo be
resel. This ovedlow emor can be resel by wggling the CREN bitin the
RCSTA register. A DEFINE can be used Lo aulsmatically clear this error.
However, you wil nol know that an error has occurred and characlars
may have been losL.

DEFINE HSER_CLROEERR 1
To manually elear an overrun eror:

RCSTA.4 = 0
RCSTA.4 = 1
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5.32. HSEROUT
HSEROUT [ftem{, Ttem...}]

Send one or more Ttems to the hardware serial port on devices that
support asynchronous seral communications in hardware.

HSEROUT is one of several buill-in asynchronous serial functions. It ean
only be usad with devices that have a hardware USART. See the device
data sheel for information on the seral output pin and other parameters,
The serial parameters and baud rate are specilied using DEFINES

t receive register to recelver enabled
DEFINE HSER_RUSTAR S0h

* Set transmit register to transmitter enabled
DEFINE HSER_TXSTAR 20h

' get baud rate
DEFINE HSER_BAUD 2400

.

BRG directly (normally a
DEFIKE HEER_SFERG 25

by HSEE_BAUD}

HSER_RCSTA, HSER_TXSTA and HSER_SPBRG simply set each
mspeclive PICmicro MCU register, RCSTA, TXSTA and SPBRG lo the
hexadecimal value DEFIREd, once, al the baginning of the program. See
the Microchip data sheet for the device for more information on each of
these registers.

The TXSTA register BRGH bit (bit 2) contrals the high speed mode for
the baud rale generator. Certain baud rates at cerlain oscillalor speeds
require this bit to be set to operate properly. To do this, sel HKSER_TXSTA
1o 24h instead of 20h. All baud rates at all oscillator speeds may not be
supported by the device. See the Microchip data sheet for the hardware
serial port baud rate tables and additional information.

T adMHz llator when calculating the baud rate. To
maintain the proper baud rate timing with sther oscillator values, be sure
1o DEFINE the 05C selting to the new oscilator value.
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The serial data format defaulls to 8N1, 8 data bits, no parity bitand 1 slop
bit. TE1 (7 data bits, even parity, 1 stop bit) or 701 (7data bits, odd parity,
1 stop bit) can be enabled using one of the following DEFINES:

Y Uae only if even parity desired
DEFINE HEER_EVEK 1

v Uae only if odd parity desired
DEFINE HEER_ODD 1

‘' Use 8 bits 4 parity
DEFINE HEER_BITE 9

The parity selling, along with all of the olher HSER DEFINES, affect both
HERIN and HSEROUT.

Since the serial transmission is done in hardware, itis not possible to set
the levels to an inverted state to eliminate an RS-232 driver. Therefore a
suitable driver should be used with HSEROUT.

On devices with 2 hardware serial ports, HSEROUT will only use the first
port. The second port may be accessed using HSEROUT2,

HSEROUT supporls the same data modifiers thal SEROUT2 does. Referlo
the section on SEROUT2 for this information.

Modifier Operation

{I}{S}BIN{1..16} | Send binary digits
{I}{S}DEC{1..5} |Send decimal digits
{I}{S}HEX{1..4} |Saend hexadecimal digits

REP c\n Sand character ¢ repeated n times

STR ArrayVar{\n} | Send string of n characlers

‘' Send the decimal wvalue of B0 followed by a
linefeed ocut the hardware USART
HSEROUT [DEC B0, 10)
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5.39. LCDOUT

LCDOUT Ttemi,

Display I tems onan intelligent Liguid Crystal Display. PBP supports
LCD modules with a Hitachi 44780 controlier or equivalent. These LCDs
usually have a 14- or 16-pin single- or dual-row header at one edge.

Ifa pound sign (#) precedes an Icem, the ASCI representation for each
digit is sent o the LCD. LcpouT (on all devices except 12-bit core) can
also use any of the modifiers used with SEROUT2. Sea the secton on
SEROUT2 for this infarmation,

Modifier Oparation

{I}{S}BIN{1..16} |Send binary digils
{T}{s}DEC{1..5} |Send decimaldigils

{I}{S}HEX{1l..4} |Send hexadecimaldigits

REP ch\n Send character ¢ repeated nlimes

STR ArrayVar{\n} | Send string of n charactars

A program should wail for at least half a second before sending the first
sommand to an LCD. It cantake quite a while for an LCD to start up.

The LCD is inilialized the first time any character or command is sent to il
using LCDOUT. If it is powered down and then powered back up for some
reason during operation, an internal flag can be resel to tell the program
to reinitialize it the next time it uses LCDOUT:

FLAGS = 0

Commands are sent to the LCD by sending a SFE followed by the
sommand. Some useful commands are listed in the following table:
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Command Oparation
S$FE, 1 | Cleardisplay
§FE, 2 Reaturn home

$FE, $0C | Cursor off

$FE, $0E | Underline cursor on

$FE, $0F | Blinking cursor on
SFE, $10 | Move cursor lell ane position

SFE, 514 | Move cursor right one position

§FE, $80 | Move cursor to baginning of first line

SFE, $CO0 | Move cursor lo beginning of second line

$FE, $%4 | Move cursor to beginning of third line
SFE, $D4 | Mowe cursor to beginning of fourth line

Note that there are commands to move the cursor to the beginning of the
different lines of a multidine display. For most LCDs, the displayad
characters and lines are not consecutive in display memaory - there can
be a break in between locations. For most 16x2 displays, the first line
starts at $80 and the second line starts at $C0. The command:

LCDOUT $FE, $80 +4

sals the display to start writing characters atthe forth position of the first
line. 16x1 displays are usually formatted as 8x2 displays with a break
batween the mamaory kcations for the first and second 8 characlars. 4-
line displays also have a mixed up memaory map, as shown in the table
above.

See thae dala sheet for the particular LCD device for the sharacler
mamary lbcations and additonal commands..

LCDOUT SFE, 1, "Hello® Y Clear diaplay and show
"Hello®

LCDOUT SFE, 5C0, *World® ' Jump to second line
and show "World®

LCDOUT E0, #E1 * Display B0 and decimal
ASCII value of Bl




94

PicBasic Pro Compiler

The LCD may be connected to the PICmicro MCLU using either a 4-bit bus
or an 8-bit bus. If an 8-bit bus is used, all § bits must be on one port. Ifa
4-bit bus is used, the top 4 LCD data bits must be connected to either the
bottom 4 or top 4 bits of one port. Enable and Register Select may be
connected o any port pin. RAW may be tied to ground il the LCDIK

command is not used.

PBP assumes the LCD is connecled o specific pins unless told

olherwise using DEFIKES. It assumes the LCD wil be used with a 4-bit
bus with data lines DB4 - DBT connected to PICmicro MCU FORTA.D -

PORTA.3, Register Selectto PORTA4 and Enable to PORTB. 3.

Itis also preset (o inilialize the LCD 1o a 2 line display.

To change this selup, place one or more of the follbwing DEFIKEs, all in

upper-case, al the top of your PicBasic Pro program:

' et LOD Data port

DEFIKE LCD_DREG PORTA

atarting Data bit (0 or 4) if 4-bic
DEFIKE LCD_DBEIT [

LCD Regis
DEFINE LCD_REE PORTA

' et LOD Register Select bit
DEFIKE LCD_RSBIT 4

* et LCD Enable port

DEFIKE LCD_EREG PORTE

' Set LCD Enable bit

DEFIKE LCD_EBIT 3

' Set LCD bus size (4 or 8 bits)
DEFIKE LCD_BITE 4

* Bet number of lines on LCD
DEFIKE LCD_LIKES 2

* Set command delay time in us
DEFINE LCD_COMMANDUS 2000

* Set data delay time in us
DEFIKE LCD_DATAUS 50

T port

The following schematic shows one way to connectan LCD toa
PICmicro MCU, using the defaults:

bus
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APPENDIX F
AT Command
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Command Syntax Response
Bypass AT+ZV Bypass AT-ZV -BypassMode-
AT-ZV ConnectionDown
ChangeBaud | AT+ZV ChangeBaud [rate] AT-ZV Baudrate Changed
SPPConnect | AT+ZV SPPConnect [BD Addr] AT-ZV ConnectionUp

[Service]

AT-ZV -BypassMode-
AT-ZV SPPConnectionClosed




APPENDIX G
Programming for Child Monitoring System
(Child)
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*% * *% *% * *% * *

*

* Name : CHILD MONITORING SYSTEM (CHILD).BAS
* Author : AMIRAH AAINAA BINTI ABDUL JALIL

" Notice : Copyright (c) 2008 All Rights Reserved

%

" Date : 15/10/2008

" Version :1.0

* Notes :

*% *khkkkkkkkk *khkhkhkkkhkhkkkkkkkkkkkk *%

DEFINE OSC 10

DEFINE ADC_BITS 8

DEFINE ADC_CLOCK 3
DEFINE ADC_SAMPLEUS 50
DEFINE HSER_BAUD 9615
DEFINE HSER_RCSTA 90h
DEFINE HSER_TXSTA 24h
DEFINE HSER_CLROERR 1
DEFINE LCD_DREG PORTB
DEFINE LCD_DBIT 4

DEFINE LCD_RSREG PORTD
DEFINE LCD_RSBIT 2
DEFINE LCD_EREG PORTD
DEFINE LCD_EBIT 3

DEFINE LCD_BITS 4

DEFINE LCD_LINES 2
DEFINE LCD_COMMANDUS 2000
DEFINE LCD_DATAUS 50

UP VAR byte
CHILD VAR byte
TEMP VAR byte

LED VAR PORTC.0
BUZZER VAR PORTC.1

PORTA1=1
PORTC.0=0
PORTC.1=0
TRISD=0

ADCONO = %11001101
ADCON1 = %00000100

BYPASS:
HSERIN 10000, BYPASS, [UP]
HSEROUT ['2']

IF UP ="2" THEN

LOW PORTC.1

HIGH PORTC.0

LCDOUT $FE, 1

PAUSE 500

LCDOUT $FE, $80+1, "CONNECTION UP"
PAUSE 500

LCDOUT $FE, 1

PAUSE 1000

*kkkkkk * * *% * ** * *

'set crystal 10MHz

'set 8 bits in result

'set clock source 3MHz

'set sampling time in microseconds

'set baud rate

'set receive register to receiver enabled
'set transmit register to transmitter enabled
‘automatically clear overflow errors

'set LCD Data port

'set starting Data bit (0 or 4) if 4-bit bus
'set LCD Register Select port

'set LCD Register Select bit

'set LCD Enable port

'set LCD Enable bit

'set LCD bus size (4 or 8 hits)

‘LCD read/write pin bit

'set command delay time in us

'set data delay time in us

'set RA1 as input

'set RCO as output
'set RC1 as output
'set PORTD as output

'set PORTA analog & left justify result
'established connection

‘connection up

'test connection

'‘Buzzer Off

'LED On

'LCD clear

'LCD display

'LCD clear
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LCDOUT $FE, $80+4, "IN RANGE"
PAUSE 1000
GOTO TEMPERATURE

ELSE

LOW PORTC.O

HIGH PORTC.1

PAUSE 1000

LCDOUT $FE, 1

PAUSE 1000

LCDOUT $FE, $80+1, "NO CONNECTION"
PAUSE 1000

GOTO BYPASS

ENDIF

CONNECTION:
GOTO BYPASS

TEMPERATURE:
ADCIN 1,TEMP
PAUSE 100

HSERIN 10000, TEMPERATURE, [CHILD]
IF TEMP<=23 THEN

HSEROUT ['3'"]

LOW PORTC.0

HIGH PORTC.1

LCDOUT $FE, 1

PAUSE 1000

LCDOUT $FE, $80+3, "TAG IS NOT"
LCDOUT $FE, $CO0+5, "ATTACH"
PAUSE 1000

GOTO TEMPERATURE

ENDIF

IF TEMP>23 THEN
HSEROUT ['1']

HIGH PORTC.0

LOW PORTC.1

LCDOUT $FE, 1

PAUSE 1000

LCDOUT $FE, $80+3, "TAG ATTACH"
PAUSE 1000

ENDIF

GOTO CONNECTION
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'LCD display

'LED Off
'‘Buzzer On

'LCD clear
'LCD display

‘check connection status

'read channel 1

‘temperature less than 33 degrees

'LED Off
'‘BUZZER On
'LCD clear

'‘LCD display
'LCD display

'scan temperature

‘temperature greater than 33 degress
'tag is attach

'LED Off

'BUZZER Off

'LCD clear

'LCD display



