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ABSTRACT

GPS tracking in a vehicle with immobilization capability through SMS is a
server based device attached to the vehicle ignition wire. The device can support
tracking and immobilization to the vehicle when a SMS code is received by the
server. For tracking, the server sends a command to the device to request for
the GPS coordinates and sends it back to the server via SMS. The SMS is parsed
to get the X and Y coordinates and compared it to the database. After
comparison, the server sends the exact location of the vehicle to the one
requesting. In case the location is outside NCR, the server will send a message
to the on requesting that the vehicle is out of coverage. For immobilization, the
program uses a SMS code to turn on and off the relay board which is connected
to the ignition wire. The request code changes the value of the EEPROM to save
its last state to avoid reset on the relay board. When the system boots up, the
first thing that the PIC will do is to check for the value of EEPROM. For engine on
request, the relay is turned on and the value of the EEPROM is 1 and for engine
off, request the value of the EEPROM changes to 0. Rebooting the system will
not affect the current state of the relay board not unless a SMS code for engine
off or engine on is sent.

KEYWORDS: (Short Message Service, Global Positioning System, EEPROM,
Server, NCR)
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Chapter 1

DESIGN BACKGROUND AND INTRODUCTION

This chapter contains the background of the design project, its basic

components, the history of the topic and its different features.

Background

Nowadays, technology is now offering the widest and powerful tools to
track or to locate a person, vehicle, roads and even the directions when
navigating the sea with the use of Global Positioning System (GPS) but this
doesn’t come with cheaper price. With the use of the free service of the 26 GPS
satellites made by the US Air Force, a device with GPS capability can track
anyone, anywhere with the use of the technology. Gadgets like cell phones,
PDA’s and computers are now capable of acquiring access to the 26 satellites of
the US Air Force but acquiring those gadgets would cost a lot. Tracking the
vehicle is not just the concern of the owner but also its security. The proponents
design a device that can track a vehicle with a device attached to it in which
tracking is done by sending a SMS message to the device and verifies the code
by the microcontroller to validate and perform its requested operation. The

device can also control the vehicles engine to turn off or on.



The design is intended to be used as a tracking system to vehicle carrying
the device. It is designed to track the vehicle with the use of a cell phone and a
PC and to secure the vehicle if it is tracked by sending a message to disable the
engine. The car can be turned on again when a requested engine on is received
by the device. The design is mainly composed of a GPS module, GSM module,
PC, relay and microcontroller. GPS module is used as a receiver to access the
GPS satellite and transmit the information gathered. Microcontroller is used to
verify the sent message received by the GSM module and parse it to check the
kind of operation to be done.

The feature of this design is tracking of vehicles from a cell phone to
computer by sending a SMS message to the computer and then to car and when
it is received and verified by the tracker unit, the GSM module will send the
location of the vehicle by its longitudinal and latitudinal position by SMS to the
computer. The computer will compare the coordinates received and display the
exact location of the vehicle through a map. The computer now sends a message
to the sender’s cell phone on the exact location of the car. When engine off is
requested, the relay will automatically open to cut the electricity supply to the

car. Engine on request will automatically close the relay.



Statement of the Problem

Vehicle tracking using modern devices available in the market doesn't
include immobilization on the vehicle. It is only capable to track the exact
location of the vehicle by sending its exact location on the GPS receiver and
through the owner.

In this scenario, the proponents introduced a way to track the vehicle on
its current location using a SMS triggered GPS tracking device that can track and
immobilize the vehicle where ever the owner’s location is by sending a SMS
message to the device attached to the car. Immobilizing the car is by cutting off
engine power with a SMS code decoded by the microcontroller to instruct the

relay connected to the ignition wire to open.

Objectives of this Design

The general objective of the design is to design a tracking and security
system to be implemented on a vehicle with the use of a computer and GSM
module that supports GPS for locating the target through SMS message and

implementing security by cutting the power source of the car using relay.

The following are the specific objectives of the design:

a.) To interface the device using ignition wire.



b.) To immobilize the vehicle by automatically disabling the car’s engine
through SMS.

c.) To locate the vehicle travelling within NCR region remotely using a cellular
phone.

d.) To create a database for tracking using mySQL containing locations in

NCR region.

Significance and Impact of the Design

Most of the existing vehicle tracking devices in the market does not
support immobilization. This design is intended to improve the existing vehicle
tracking system to perform vehicle immobility. The applied technology in the
design is based on the current and existing technology and still evolving
depending on its application. Car owners can use the design that travels within
the vicinity of National Capital Region (NCR). Car owners can not only track their
cars but they can also immobilize them. The design can give ideas to other
designers to improve and use the GPS tracking and immobility to its maximum
potential.

The impact of this design will open the local community in developing
more reliable tracking and security system for their vehicles. The design can
lighten up the work of the authorities that are searching for stolen vehicles

equipped with the tracking device. Globally, the design will contribute to



maximize the use of GPS and enhance existing design to perform more
accurately.

Scope and Delimitation

The design can only perform those that are listed below and the components
that are presented in the design. Scopes of the design are as follows:

a.) The design uses a GPS module in the device.

b.) A GSM module is used for both the device and to the computer terminal.

c.) A SIM card is used for both of the GSM modules.

d.) Request codes through SMS messages that are recognized by the
microcontrollers are pre defined by the programmers in who it will validate
and decide on what operation to be done.

e.) A SMS starting with <GPSREQ> format is used for vehicle tracking.

f.) A SMS starting with <ONENG> format is used to turn on the relay board.

g.) A SMS starting with <OFFENG> format is used to turn off the relay board.

h.) A Visual Basic.NET program installed in the computer is used to compare
the received coordinates, get its exact locations and send message to the
one requesting via SMS.

i.) Coordinates (longitudinal and latitudinal) are the output signal coming
from the GPS module that will be sent by the GSM module to the
computer.

j.) The input to be fed to the device in the vehicle is a SMS message

following a code depending on the request to be done.



k.) NCR map is attached in the software for viewing the vehicle’s location.

I.) The engine cannot be started when the relay is open (not energized).

The design’s delimitations are the things or conditions that it cannot perform

or function. Delimitations of the design are as follows:

a.) The computer cannot display the exact location of the vehicle outside the
NCR map.

b.) The target vehicle to be tracked when positioned in dead spot of the GPS
satellites is impossible to locate. (Example of dead spots are tunnels,
basement parking, and underwater)

c.) The displayed map in the computer for tracking will not be in real-time.

d.) GSM module can only accommodate 160 characters, it will only receive
the message if the number goes beyond, but it cannot decode the data
sent.

e.) One out of two SMS sent simultaneously will be processed.



Definition of Terms

1.) Differential GPS (DGPS) - is a technique for reducing the error in GPS-
derived positions by using additional data from a reference GPS.

Source: "Marine Differential GPS". Satellite Navigation. Trinity House.

2.) DTMF - Dual Tone Multi Frequency, signalling is used for telecommunication
signalling over analog telephone lines in the voice-frequency band between
telephone handsets and other communications devices and the switching center.
Source: IEEE Transactions on Consumer Electronics, Vol. 50, No.4 November

2004

3.) GNSS - Global Navigation Satellite Systems, is the standard generic term for
satellite navigation systems that provide autonomous geo-spatial positioning with
global coverage

Source: “A Beginner’s Guide to GNSS in Europe" by IFATCA.

4.) GPS - Global Positioning System (GPS) is part of a satellite-based navigation
system developed by the United States Department of Defense under its
NAVSTAR satellite program.

Source: GPS Overview from the NAVSTAR Joint Program Office. Retrieved

December 15, 2006



5.) GPS orbit - fully operational GPS includes 24 or more (28 in March 2006)
active satellites approximately uniformly dispersed around circular orbits with
four or more satellites each.

Source: GPS Overview from the NAVSTAR Joint Program Office. Retrieved

December 15, 2006

6.) GPS signals — each GPS satellite carries a cesium and/or rubidium atomic
clock to provide timing information for the signal transmitted by the satellites.
Source: GPS Overview from the NAVSTAR Joint Program Office. Retrieved
December 15, 2006

7.) ITS - Intelligent Transport System, are those utilizing synergistic
technologies and systems engineering concepts used to develop and improve
transportation systems of all kinds.

Sources: Monahan, Torin. 2007. "War Rooms" of the Street: Surveillance

Practices in Transportation Control Centers

8.) Radio Navigation - relies on radio frequency sources with known locations.
Sources: Global Positioning Systems, Inertial Navigation, and Integration

Mohinder S. Grewal, Lawrence R. Weill, and Argus P. Andrews



9.) Microcontroller - is a small computer on a single integrated circuit
consisting of a relatively simple CPU combined with support functions such as a
crystal oscillator, timers, watchdog, serial and analog I/0O etc.

Source : Jack Ganssle and Mike Barr ,"Embedded Systems Dictionary".

10.) SMS - Short Message Service, is a communication service standardized in
the GSM mobile communication system, using standardized communications
protocols and allowing the interchange of short text messages between mobile
telephone devices

Source: IEEE Transactions on Consumer Electronics, Vol. 50, No.4 November
2004

11.) Transceiver — is a device that can transmit and receive analog or digital
signals.

Source: A. J. Kloneck, "Simultaneous sending and receiving system”

12.) Ignition key - is the key used in a motor vehicle to turn the switch that
connects the battery to the ignition system and other electrical devices.

Source: Michael Bowler, “"The Great Book of Automobiles”.

13.) Relay - is a simple electromechanical switch made up of an electromagnet
and a set of contacts.

Source: L. Sinclair, J. Dunton, "Practical Electronics Handbook 6" Edition”



14.) UART - also known as Universal Asynchronous Receiver Transmitter, is a
piece of computer hardware that translates data between parallel and serial
forms. UARTs are commonly used in conjunction with other communication
standards such as EIA RS-232. Source: Dario ]J. Toncich, “"Data Communication

and Networking application for Manufacturing Industries”.

15.) Serial Port - is a serial communication physical interface through which

information transfers in or out one bit at a time.

Source: L. Sinclair, J. Dunton, "Practical Electronics Handbook 6" Edition”

10



Chapter 2

REVIEW OF RELATED LITERATURE AND RELATED STUDIES

The main concept of this design was established with the help of some
existing designs, studies, and principles while conducting this design. This
organized and synthesized collection of citations of related studies and principles

helps in achieving the design objectives.

Part of this idea came from the three companies in Singapore, namely
Comfort Transportation Pte Ltd., with its subsidiary Yellow-Top Cab, Trans-Island
Bus Services, and CityCab Pte Ltd. that implemented their taxi dispatching using
satellite-based Dispatch System. This technology implemented introduced the
Automatic Vehicle Location and Dispatch Systems or AVLDS. This new satellite-
based AVLDS comprises different features, like the interactive voice responses
(IVR), and computerized dispatch system (CDS) which are not included in the
proponents’ design, since the objective is to track and disable the vehicle’s
engine when it is carnapped from the owner. Another is the differential global
positioning system (DGPS) which is a wireless data communications (WDC).
According to the article written by Zigi Liao, an author of a book published in
IEEE Transactions on Engineering Management, “GPS dispatch systems will play
an increasingly important role in the further improvement of their operations and

services. The findings of this study should have practical implications to the
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development of sophisticated public transport system. Future studies can be
conducted to explore the implementation of on-board vehicle navigation systems

in different environments.”

Another idea came from the design of A. Alheraish, named, Design and
Implementation of Home automation System. The design used GSM cellular
communication network and integrated it to a microcontroller and a GSM module
for wide range of applications. The microcontroller acted like a brain in of the
system. It is used to communicate with the modules when there is a need to
access in sending or receiving data. GSM module acted as an interface between

the microcontroller and the GSM network

Nowadays, the mode of transmitting data by cellular networks is the GSM
or the Global system for mobile communication. One option in the GSM network
for transmitting data is the SMS or the Short Message Service. The designers
chose the SMS as a mode of transmitting the data. The designer also used a
microcontroller that acted as an interface between the GSM module and the
Personal Computer and GPS module and the automobile. The controller takes the
data from the GPS module and translates it to AT commands or the Attention
commands so the module can understand it. GSM module takes the AT
commands from the microcontroller. Figure below shows a GSM module circuit.

The module is composed of a SIM card holder, which holds the SIM to be used in

12



the module, GSM transmitter/receiver which transmits and receives the SMS
message and a GSM module that is connected to a microcontroller. GSM module
can be easily connected to any ports of a microcontroller and doesn’t need any

interface circuit for it to function normally.
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Figure 2.1 GSM Module Circuit

SMS Security System is a design made by some Mapuans where a
controller is used to control a cellular phone attached to a receiver box so that it
can send a message to the cellular phone carried by the owner when the
connected alarm security device is triggered. AT commands are used to control
the built-in modem in a cellular phone. AT is the abbreviation of attention. AT
commands are instructions used to control a modem. Every command line starts

with “AT”, a good reason why modem commands are called AT commands.
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Some of the AT commands used are: ATD (to dial), ATA (answer),
AT+CMGS (send message), AT+CMSS (send message from storage) and
AT+CMGR (read SMS messages). There are very large numbers of AT
commands but the designers chose to use a few commands and these are:
AT+CMGR for checking and reading the message and AT+CMGD to delete the
message. With these commands, the designers will know the location of the
vehicle being tracked. As for this design project, it aims to interface a GSM

module in the car system. The GSM module will send a SMS message that

contains information about the present location of the car. Table 2.2 below

shows a typical AT commands that are supported by some of the known GSM

modem manufacturers.

AT COMMAND DESCRIPTION SYNTAX
Most common AT
commands is used to
AT check if the GSM modem AT<CR>
is communicating with
the PC.
AT command is used to | AT+CMGS = “Receivers
AT+CMGS send a message. number” <CR> Message
<Ctrl-Z>
AT command is used to | AT+CMGL="ALL"<CR>
AT+CMGL read messages. Note: Shows all

messages.

AT command is used to

AT+CMGD="ALL"<CR>

14




AT+CMGD delete messages. Note: Delete all
messages.

AT command is used to

AT+CGMI know the modems AT+CGMI<CR>

manufacturer.

AT command is used to

AT+CGMM know the modems AT+CGMM<CR>

model.

Table 2.1 AT Commands
Table 2.1 only shows some of the AT commands that are available on
most of the modems available in the market. AT commands of GSM modems
vary depending on the manufacturer but there are still AT commands that are

common to every manufacturer.

Another prototype named SMS Commander Car Alarm System, made by
Kroby, was a good example to base our design project. It used a PIC32
microcontroller installed in the car system. It has a control on/off function via
SMS, where one can query the alarm system’s on/off status anytime. The
position of the car can be known by simply texting the car using a coded
message, and then the coordinates of its present location will be sent to the
owner’s cellular phone. The car movement can be followed on-line using GPRS
and a compatible software. The group’s design can be based on how the SMS

Commander enables text messages to be read and analyzed by the car. Other

15




commands such as stop or lock can be easily done by the car if they will be able
to make the car understand SMS messages.

The system in the article entitled, Real Time Tracking Management
System using GPS, GPRS and Google earth is composed of a GPS module, Goo-
Tracking firmware, Goo-Tracking server. The GPS module that the designers
used in their system is based on 8-bit AVR RISC microcontroller which is low
power MCU with 32k ROM and 2k RAM and has several peripherals such as
UART, SPI, 12C to connect GPS/GPRS module, MMC module and GPIO control

module.

The GPS module has two functions, the GPS locates the device position
and the GPRS transmits the device location to the server. The I2C interface is
connected to GPIO Control module which an I/O interface to control external
device such as car alarm or Electronic Control Unit (ECU) for vehicle

immobilization.

The Goo-Tracking firmware is the firmware that performs three phases,
the initialization, the GPS position reading, and the GPS data formatted and
transmitted to Goo-Tracking server via GPRS networks. The initialization phase
prepares the module for reading and transmitting location information. It is
composed of three functions. The first function is to initialize parameters on AVR

microprocessor for UART, SPI, GPIO and timer for GPS reading. The second

16



function is to initialize GPRS/GPS module to set up parameters to warm up GPS
engine, to make a connection to a GPRS network and to connect to the server
via TCP/IP socket. The third function is to initialize MMC module into SPI mode
for data read/write. In the GPS position reading phase, the MCU sends a series
of AT commands to GPRS/GPS module via the UART port. To acquire the current
location of the device, they issue the AT+WGPSPOS command to get the data in
NMEA standard format. This is an example of a circuit interface of microcontroller

to the GPS module.

Figure 2.2 RS-232 Driver Circuit

In Figure 2.2, the circuit includes a serial port female to be connected to
any serial port device and to interface it to the UART of microcontroller, you
need to put a MAX232 IC which is a Multichannel Driver/Buffer. In this way,

interfacing PIC or any MCU to the serial port is possible.
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In the GPS data formatted and transmitted phase, the NMEA-formatted
data is then parsed and convert to designed format. The format includes the
device ID, session ID, time in UTC format, flags, latitude, longitude, speed, date,
and reserved (Rsv) fields. Each line ended with the symbol (») represents one
sample of data from a GPS Tracking module in one session or fleet. Samples are
bundled together, ended with the character \n, and transmitted to the Goo-

Server,

Once the GPS Tracking Module is connected to GPRS networks, it
transmits position information to Goo-Tracking Server which is a commodity
personal computer running a Linux operating system with an open source
software such as Apache web server, PHP, and MySQL program. The server has
three functions to receive the information, to store information in a database,
and to display the information. The receiving function opens a non-blocking
socket to receive data from multiple GPS Tracking Modules simultaneously. The
storing function; formats the receiving data into our database that is designed to
provide real-time query response for real time tracks and to provide search query

response for the post analysis of vehicle tracks.
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Chapter 3

DESIGN PROCEDURES

This chapter contains the design procedures in making the system, block

diagram, and schematic design. It shows how the system works and how each

parts of the system is connected to the other parts.

Block Diagram:

RELAY
GPS MODULE
TX/RX
MICROCONTROLLER
GSM MODULE
TX/RX
POWER
SUPPLY

Figure 3.1 GPS/GSM Tracker Unit
Figure 3.1 shows the hardware block diagram of the system. The
hardware part is mainly the parts that are interconnected to each other by
interfacing the PIC to GPS module using Level Converter. Major hardware
components are the PIC microcontroller, GPS module, GSM module, relay and a

personal computer. GPS module is connected to the microcontroller via MAX232

19



while GSM module is directly connected to PIC. These are the parts attached to
the vehicle. Each of this part is designed to perform specific task especially for
the microcontroller to get the GPS coordinates received by the GPS module. The
software includes are the programs stored in the microcontroller and the
software in the computer. The codes in the microcontroller are lines of codes
that perform parsing of the received SMS message and commanding the GSM
module to send GPS coordinates. Codes for PIC are written in Basic using Proton.
AT commands are for codes used in the GSM module while NMEA command
format are used for the GPS control. Power supply is the source of the power for
the hardware components. This can be coming from the car’s battery or from the

cigarette lighter of the car.

Computer Server:

GSM USB COMPUTER
MODULE PORT
TX/RX

Figure 3.2 PC Server
The computer server which is shown in Figure 3.2 allows the GPS tracker
unit to communicate to each other. The server sends commands to the tracker
unit attached to the vehicle but it can only receive reply from the GPS tracker

unit if the code sent by the server is correct. In the computer server part, the

20



software used is written in Visual Basic.NET that can compare the received
coordinates sent by the device to locate the vehicle’s exact location. The
software provides a graphical view of a map of the National Capital Region
(NCR). After locating the exact location, the computer now sends the request
from the sender of the commands by sending the exact location of the vehicle.

Immobilization of the car is also through the PC server to the GPS tracker unit.

Data Gathering

The proponents gathered data on how to interface the microcontroller to
GPS and GSM modules. Knowing how to interface both of these modules can
eliminate the possibility of having a larger circuitry. Using the data acquired from
IEEE journals, the proponents learned that GPS is interfaced to the
microcontroller by means of a level converter (MAX232). The idea of interfacing
the modules to the microcontroller using a multichannel RS-232 driver/buffer to
adjust the voltage level of UART pins of the microcontroller came from the IEEE
Journal entitled “Real time Tracking Management System using GPS, GPRS and
Google Earth”. Microcontroller UART’s doesn't recognize 2.8V as a logic high
compared to other TTL pins of the microcontroller. It is because the UART pins
of the microcontroller use Schmitt trigger. The proponents also gathered data in
programming and configuring the GSM modules and the GPS module. The GPS
module can be configured directly to the computer by a software that supports

NMEA data protocol. Acquisition of location can be directly acquired only if there
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are a minimum of 3 open satellites for the module to use. Less than 3 satellites

open for the module will result with no output. The outputs of the GPS modules

are the longitudinal and latitudinal coordinates of the module which cannot be

directly used to software to show its location. The proponents need to convert

the raw data gathered to exactly locate the target using a map that contains the

location together with a direction.

Design Procedure

Data
Gathering

A

A

Review of
Related
Literature

A

Circuit

design

Testing

Data
Gathering
v
.| Data Analysis
v
Simulation Software
v
Programming
v
Testing
.| Software and Hardware
Integration
y
Design
Testing

A

Figure 3.3 Design Procedure Flow Chart

Hardware
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Figure 3.3 shows the graphical view of the design procedure used by the
proponents. In order to systematically create the proposed topic, the proponents
designed a procedure to follow. The procedure is divided into two parts, the
hardware, and the software.

A. Software

a. Data Gathering
The software part starts from the gathering of required data
including the hardware specifications of the modules to be used for
programming purpose. In this way, the proponents can decide on
what programming language is best to use in developing the
software part.
b. Data Analysis
Data analysis is done to evaluate and verify the hardware
specifications to identify and finalize the programming language to
use. This is also done when testing the finished prototype.
Gathered data are analyzed and verified if the output of the system
is correct.
c. Simulation
Simulation of algorithms or routines in the software is done
especially in the microcontroller programming which uses routines

like decoding SMS message and conversion of the GPS received
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coordinates to decimal degrees. This will reduce errors in
programming the hardware components.
. Programming

Programming of the whole system is done after the
simulation of routines or algorithms are verified and tested to be
correct. Programming of the whole system includes the
programming part in the server and microcontroller. Microcontroller
contains codes written in basic and Visual Basic.NET for the server.
The proponents used EEPROM of the PIC to save the status of the
relay board. The status of the EEPROM will only change if
<ONENG> and <OFFENG> are sent for request.
. Testing

Testing of the software is done after the hardware part is
finished. Testing of the software in the microcontroller is done by
sending a SMS message request code in the GSM module. Software
testing in the computer server is done by sending a SMS
coordinates to the GSM module to verify its output by using Google

Earth.
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B. Hardware
a. Data Gathering
This is the process of acquiring information about the
hardware components to be used. Information includes hardware
specifications, interfaces, configuration, and needed power supply.
b. Review of Related Literature
Reviewing related literature will form a foundation for the
proponents in designing the circuit diagram. The proponents can
gather information on the interfaces of the hardware components,
programming language applicable, problems encountered in
designing the circuit diagram and the expected output from each of
the components in the diagram. A review on the AT commands is
also done.
c. Circuit Design
After performing the procedures before circuit designing, the
proponents have already gathered vital information regarding the
design of the circuit diagram. The schematic diagram is composed
of GPS module, GSM module, PIC16F877A Microcontroller, voltage
regulator (78L05, RT9163), Level Converter (MAX232) and a relay.
The supply voltage of the circuit is 12V which is fed to the voltage
regulator to regulate the output to 5V for the microcontroller and

the level converter. Another voltage regulator (RT9163) which
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voltage output is 3.3V is used for the supply of the GPS module.
The module needs 3.3V of supply voltage to operate. A LED is
connected to the GPIO pin of the GPS module to indicate if the
module had acquired a signal to the satellites. A blinking LED
means the module is updating its location while a steady LED
means its not updating. High Speed diode is connected forward
biased to the GPS pin 21 (Real Time Clock and backup SRAM). A
Level Converter (MAX232) is used to convert voltage signal
(TTL/CMOS to RS-232) from the GPS module to be read by the

microcontroller’s UART pin.

Microcontroller uses 4Mhz of crystal oscillator for clock. Clock
is needed for the execution of programs in the microcontroller. A
crystal oscillator is precise compared to RC oscillator/resonator. 2
parallel 33pF capacitor connected to the crystal oscillator to limit its
frequency to 4MHz. The receiver pin of port c is connected to RS-
232 output of the MAX-232 and the transmitter pin of the GPS
module is connected to the transmitter input of the MAX 232 level
converter. The GSM module is directly connected to RD7 and RD6
pin of Port D of the PIC. Relay board is composed of a 12VDC 30A
Normally open SPST relay, 870 ohm resistor, PNP transistor, LED

and a diode. The resistor connected in series with the base of the
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transistor that limits the current passing from the microcontroller to
the transistor. A led is connected to the coil of the relay to indicate
if the contacts of the relay are open or close. The diode is used as
a protection diode to the circuit. It blocks current coming from the
coil of the relay when the coil de-energized when power supply is
turned off. This protects other components from sudden burst of
current. Transistor is used as a switch in the relay board. It is
configured as a common-emitter configuration. In this way, it can
have high current output to provide the coil in energizing.
d. Testing

Testing of the circuit can be done part by part or as a whole.
GPS module and GSM module can be tested first in a personal
computer using hyperterminal. Testing the whole system can be
done after all major components are tested to be working correctly
and have been transferred to PCB.

C. Integration of Hardware and Software
After the software and hardware are tested, integration

comes next to test the system as a whole.
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D. Design Testing
This is the last method to be followed. Required output of
the system must be obtained to validate the system’s performance.
Output of the system is analyzed to verify its reliability and
accuracy. Verification of the systems output can be checked using
Google Earth to verify the x and y coordinates received by GPS
module. Steps after data analysis are done if bugs or errors

occurred during the testing.
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System Flowchart:

De-energize Relay
(Open)

Read EEPROM

Re-energize Relay
(Close)

Initialize
GPS

Set message
Counter to 1

.

Read Message at
message counter

If message start with
<GPSREQ>

® G

Send coordinates to
Server

If message start with
<ONENG>

Re-energize Relay
(Close)

4

Send confirmation
to Server (Engine

On)

If message start with
<OFFENG>

De-energize Relay
(Open)

4

Send confirmation
to Server (Engine

Off)

Figure 3.4 GPS/GSM tracking unit flow chart

Increment
Message counter
by 1

Is message
counter = 4?

Delete Messages

Is the system
Ready?

29



Figure 3.4 shows the system flowchart of the GPS tracker unit attached to
the vehicle. The system starts with reading the EEPROM status, a value of 1 to
EEPROM of the microcontroller will close (re-energized) the relay and a value of
0 will open (de-energized). The value of the EEPROM will only change by valid
Off and On engine request (Value of 1 for ONENG, 0 for OFFENG). After reading
the EEPROM, the system initializes the GPS module. If the GPS is initialized, it
will set mCtr for reading the message from the SIM inbox. Reading of SMS
message starts from mCtr = 1 and parse the message for possible request code.
A SMS starting with <GPSREQ> allows the GSM module to send a SMS message
to the server containing the GPS coordinates. SMS starting with <ONENG>
activates the relay by supplying the coil of the relay. SMS starting with
<OFFENG> de-energized the coil of the relay disconnecting the contacts of the
relay to the coil thus, making the relay in open state. A SMS that doesnt start
with any pre defined codes by the system will be deleted. After verifying SMS
message, mCtr will increase by one and check it again for possible request code
until it reaches to mCtr = 3. Reaching mCtr = 4 will delete the messages in the
inbox then go back to mCtr = 1. If the GPS module is not initialized or the switch

is turned off, the flow of the system will end.
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Figure 3.5 is the PC server flow chart of the system. The software in the
server starts with initializing the port of the GSM module which is connected to
USB port. After initializing, the software will check if the on button is pressed or
not. Pressing the ON button will start the program to read and delete messages
and setting mCtr to 0. Starting from mCtr = O(which is the index of the message
in the SIM inbox), checks for possible request code. A SMS starting with
<GPSREQ> commands the server to send a SMS message to the GPS tracker
unit containing “<GPSREQ>" and saves the mobile number of the one
requesting. SMS starting with <ONENG> will also send a SMS message to GPS
tracker unit containing “<ONENG> and will also send a SMS message to GPS
tracker unit then save the mobile number of the sender. Likewise SMS starts with
<OFFENG> but will send a SMS to GPS tracker unit with <OFFENG>. SMS
containing GPS: is a SMS coming from the GPS tracker unit with GPS
coordinates. The message will be parsed and extract the longitudinal and
latitudinal coordinates. It will then be compared to the database stored in the
server. Depending on the result of comparison, a match result in the database
will show the exact location of the vehicle and then sends the exact location to
the one requesting, non-matching result will display to the server “The GPS
location is out of range or currently not available on the database”. After
verifying the SMS message, the mCtr will increase by 1 until it reaches mCtr = 4.
when mCtr = 4, the system starts to delete the messages stored in the inbox

then reads messages again starting from mCtr = 0.
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Circuit Diagram:
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Figure 3.6 Complete Circuit Diagram
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Figure 3.6 shows the schematic diagram of the whole system. It is mainly
composed of PIC16F877A, GPS module, GSM module, MAX232 and relay board.
GPS module, PIC16F877A and MAX232 are supplied by 5VDC using a 7805
voltage regulator. The circuit needs 12VDC of supply voltage to function. It is
connected to the input pin of the 7805 voltage regulator to lower it to 5VDC.
Capacitors from the MAX232 connected from C1 +/-, C2 +/-, V+ and V- are
specified by the manufacturer together with their values (0.1uF) because the
capacitors are impossible to be solved due to incomplete circuit presentation
from the datasheet. GPS module uses RT9163 as a voltage source because it

needs 3.6VDC of voltage source.

A high speed diode (1N4148) is connected forward biased from the output
of the RT9163 voltage regulator to the real time clock and SRAM backup pin of
the GPS module. A LED with 33 ohms resistor is connected in GPIO pin of GPS
module to indicate that the module is updating its location. The antenna of the
GPS is connected to the RF_IN and ground of the module. The transmitter pin of
the GPS module is connected to TTL/CMOS input of the MAX232 (T2IN). The
output of the level converter (T20UT) is then again set as input in RS-232 input
pin (R1IN) and then converted it to TTL/CMOS level (R10UT). This is done to
convert the voltage level of the GPS module from TTL/CMOS level to RS-232 and
then to RS-232 to TTL/CMOS. The output pin of the MAX232 (R10UT) can now

be connected to UART pin of the microcontroller which is port RC7. MCLR pin of
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the PIC16F877A is connected to 5VDC together with a 840 resistor to disable the
pin because it is an active low pin. Vss of the microcontroller is connected to
ground and Vdd is connected to 5V. A 4MHz crystal oscillator is used to
PIC16F877A as clock input for instruction cycle. The 2 33pF capacitors are
connected parallel to the oscillator to trim the oscillating frequency down to
4MHz. GSM module is directly connected to port RD7 and RD6 without any
interface. The relay board is connected to RD4. A LED in series with 430 ohms

resistor connected to RD2 indicates the reading of the GSM module.

The relay board circuit is controlled by the microcontroller because it is
connected to RD4 of the microcontroller. Whenever RD4 is in low state, emitter
of the transistor connected in ground is open and the supply voltage of the relay
is 12V thus, making it in open state. Whenever RD4 is high, emitter is close thus,
voltage supply of the relay changes to 12V-0V allowing the coil of the relay to
energize. A wire connected in output pin of the relay cuts the connection of the
ignition wire. The diode acts a protection to components that may be damaged
when the coil de-energized when supply is cut off. The PNP transistor is used as
(a switch that also has a high current gain due to its common emitter

configuration. LED indicates the status of the relay).
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Figure 3.7 4 Mhz Crystal Oscillator Circuit

Figure 3.7 shows the 4Mhz crystal oscillator connected to the
microcontroller. The crystal oscillator needs 2 parallel capacitors to trim the clock
resonance to desired clock frequency. Without oscillator capacitors, the clock
frequency can be higher than 4 Mhz. Load capacitance is usually given in the
datasheet of the crystal oscillator. The circuit only needs 4 Mhz of clock
frequency for the operation of the microcontroller that's why the proponents
need to compute for the oscillator capacitors. The formula for the capacitors is

C1=C2=(2 X Cload) — (Cparasitic — Cinput)

Where:
C1 & C2 — are the parallel capacitors in the oscillator.
Cload - is the capacitance load given by the crystal manufacturer.

Cparasitic — is the Capacitance parasitic, usually 5pF for computation.
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Cinput — is the Capacitance input.

The crystal oscillator datasheet requires 19pF of capacitance load and a
5pf capacitance parasitic. Since there is no capacitance input, the value for it is
0. Substituting the values to the formula given above indicates that:

Cl = C2 = (2 X 19pF) — (5pf — 0)
Cl1 = C2 = 38pF — 5pF

Cl=C2=33pF

33 /7
=MW

=,
P

LED
GND

Figure 3.8 Limiting Resistor for LED (RED)

Limiting resistor for LED is very important when using an LED in a circuit.
This resistor limits the current that will flow from the power source to the LED.
Connecting LED directly to power source may destroy the LED for it will exceed
its peak current especially for high voltage source. For Standard Red LED, the
maximum value of the Voltage Load is 2V. Computing for the required limiting
resistor for Standard Green LED is

R=(Vs—VI)/1I
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Where:

Vs — Voltage source.

VI — Voltage load usually given in the LED datasheet.
I — Current from source.

R — limiting resistor

The power source of GPS LED is 3.3V and the forward current for
standard red LED is 40mA based from its datasheet. Substituting to the equation
will result to
R =(3.3V-2V)/40mA

R = 32.5 ohms

Since the 32.5 ohms value for resistor is not available in the market, the

proponents used the nearest higher value which is 33 ohms.

4
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Figure 3.9 Limiting Resistor for LED (GREEN)
Figure 3.9 uses the same formula in Figure 3.8 to compute for the
value of limiting resistor from port RD2. The voltage source comes from the port

pin RD2 of the microcontroller which is 4.3V. Maximum Voltage load for standard
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green LED is 2.6V. The output current for RD2 is 4mA as shown in the
datasheet. Substituting the value
R=(Vs-VI)/I
R = (4.3V - 2.6V) / 4mA
R = 425 ohms
Since there is no 425 ohms value for resistor in the market, the

proponents used 430 ohm resistor.
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Figure 3.10 Transistor Base Resistor

The transistor base is connected in series with a resistor to limit the
current that will pass the base of the transistor when power is supplied. When
the current passes through the base of the transistor and if exceeds the
maximum allowable current for the transistor, the transistor will be damaged
that’'s why a resistor is connected to the base of the transistor. To compute for

the value of base resistor, the formula is

39



Rb = (Vin—Vbe) / Ib

Where:

Rb — Base resistor

Vin — Voltage input

Vbe - forward voltage from base to emitter

Ib — Base current

The output voltage of port RD4 is 4.3V and the maximum forward voltage
for silicon transistor is 0.85V and base current is 4mA that comes from port RD4,

substituting the values in the formula shows that:

Rb = (Vin —Vbe) / Ib

Rb = (4.3V — 0.85) / 4mA

Rb = 862.5 ohms

Since there is no 862.5 ohm resistor in the market, the proponents

considered the highest next value which is 870 ohms.
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Figure 3.11 Pull - Up Resistor in PIC16F877A

PIC16F877A uses pull-up resistor connected to MCLR to avoid the
microcontroller from resetting. Since MCLR pin of PIC16F877A is inverted,
hanging the pin without connection or simply making the input signal to 0 will
put the microcontroller to unable state. This resistor pulls up the MCLR pin to
almost ground level. Base from the datasheet of the microcontroller, the value of
pull-up resistor must be less than 40k ohms. The voltage source 5V comes from
the output voltage of the 7805 regulator and the output current is 6mA.
Computing for the value of pull-up resistor is given by Ohms Law.

R=V/I

Where:

R — Resistor value
V — Voltage source

I — Current passing to device

R =5V/6mA
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R = 833.33 ohms
Since there is no 833.33 ohm resistor in the market, the proponents used

840 ohm resistor.

PCB Layout:

Figure 3.12 PIC16F877A PCB Layout
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GPS Module:
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Figure 3.13 GPS Module PCB Layout

Relay Board:

Figure 3.14 SPDT Relay Board PCB Layout

43



Chapter 4

TESTING, PRESENTATION AND INTERPRETATION OF DATA

This chapter shows how the design is tested, presented, and interpreted the
gathered data from the prototype. This chapter also includes the validity and the

reliability of the designed prototype.

Testing the Whole System

Testing the GPS module is the part of the system to be tested first.
Reliability and accuracy of the module depends on the brand of the module.
Holux M-89 warm start at the average of 33 seconds and an average of 36
seconds cold start with less than 1 sec reacquisition time. Accuracy of the
module is a +/- 2 meters. Testing the module is required to verify if the module
can access at least 3 satellites. Failure to access at least 3 satellites will make the
module to standby. An initial testing for the GPS module is done through a PC
connected via serial port. Hyperterminal 7.0 (Windows Vista Version) is used to
see the information gathered by the GPS module. Once powered up and
connected to the serial port, continuous receiving of streams of data is acquired
by the module. Acquisition of the X and Y coordinates of the module starts when
the LED in the GPS module starts to blink. Blinking of the LED indicates that the

module is updating its location. A 2-row Serial LCD is used to show the output of
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the GPS module. The default or raw data that a GPS module receives are
continuous streams of data
($GPGGA,161229.487,3723.2475,N,12158.3416,W,1,0,9,0,M,,,,0000*18)  which
includes different information (altitude, velocity, position, time, number of
satellites used, etc.) in 1 stream of lines starting with a '$’ sign. The only data
that the proponents need is the longitudinal and latitudinal coordinates in a
$GPGGA format which is the number that is before the letter ‘N’ or 'S’ and after
‘W’ or ‘E’. A routine in the PIC program that parses the streams of data is needed
to extract the needed information regarding the GPS location. After extracting
the required information, it is now converted to decimal degrees value of
longitudinal and latitudinal format. The converted values can now be used as the
GPS position of the module and can be verified using Google Earth or Google

Maps. Below is a table that shows the testing of the GPS module in different

locations.
Vehicle Exact Coordinates GPS Server Server
Location Received response | response result
NandE time time location
Mapua Institute of Mapua
Techonlogy, Manila Institute of
Point 1 ( Near 14.5907 | 121.9779 | 62 seconds | 3 seconds Technoloy,
IEEE) Muralla Street
(Manila City)
Mapua Institute of Mapua
Techonlogy, Manila Institute of
Point 1 ( Near 14.5907 | 121.9779 | 42 seconds | 4 seconds Technoloy,
IEEE) Muralla Street
(Manila City)
Mapua Institute of Mapua
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Techonlogy, Manila

Institute of

Point 2 (Open 14.5905 | 121.9783 | 38 seconds | 5 seconds Technoloy,
Parking Near Muralla Street
Basketball Court ) (Manila City)
Mapua Institute of Mapua
Techonlogy, Manila Institute of
Point 2 (Open 14.5904 | 121.9784 | 54 seconds | 3 seconds Technoloy,
Parking Near Muralla Street
Basketball Court ) (Manila City)
Mapua Institute of Mapua
Techonlogy, Manila Institute of
Point 3 (Along 14.5909 | 121.9785 | 80 seconds | 3 seconds Technoloy,
Muralla Street) Muralla Street
(Manila City)
Mapua Institute of Muralla Street
Techonlogy, Manila Intramuros
Point 3 (Along 14.591 | 121.9784 | 56 seconds | 4 seconds | near Mapua
Muralla Street) Institute of
Technology
(Manila City)
Jollibee along Marcos
Marcos Highway, Highway near
Antipolo City 14.6216 | 121.1084 | 45 seconds | 3 seconds Sta. Lucia
(Marikina
City)
Jollibee along Marcos
Marcos Highway, Highway near
Antipolo City 14.6215| 121.1084 | 85 seconds | 3 seconds Sta. Lucia
(Marikina
City)
Jollibee along Marcos
Marcos Highway, Highway near
Antipolo City 14.6215 | 121.1084 | 40 seconds | 3 seconds Sta. Lucia
(Marikina
City)
Jollibee along Marcos
Marcos Highway, Highway near
Antipolo City 14.6216 | 121.1083 | 47 seconds | 4 seconds Sta. Lucia
(Marikina
City)
Jollibee along Marcos
Marcos Highway, Highway near
Antipolo City 14.6215| 121.1084 | 54 seconds | 5 seconds Sta. Lucia
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(Marikina

City)
Ayala Boulevard Ayala
corner San Boulevard
Marcelino, Manila | 14.5889 | 120.9846 | 30 seconds | 5 seconds corner San
City Marcelino
near SM City
Manila
(Manila City)
Ayala Boulevard Ayala
corner San Boulevard
Marcelino, Manila | 14.5889 | 120.9847 | 67 seconds | 5 seconds corner San
City Marcelino
near SM City
Manila
(Manila City)
Ayala Boulevard Ayala
corner San Boulevard
Marcelino, Manila | 14.5889 | 120.9847 | 55 seconds | 3 seconds corner San
City Marcelino
near SM City
Manila
(Manila City)
Ayala Boulevard Ayala
corner San Boulevard
Marcelino, Manila | 14.5888 | 120.9847 | 48 seconds | 3 seconds corner San
City Marcelino
near SM City
Manila
(Manila City)
Ayala Boulevard Ayala
corner San Boulevard
Marcelino, Manila | 14.5889 | 120.9846 | 50 seconds | 4 seconds corner San
City Marcelino
near SM City
Manila
(Manila City)
Aurora Boulevard Aurora
near SM City Boulevard
Centerpoint, 14.6064 | 121.0195 | 94 seconds | 4 seconds | near SM Sta
Quezon City Mesa. (Manila
City)
Aurora Boulevard Aurora
near SM City Boulevard
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Centerpoint, 14.6064 | 121.0195 | 56 seconds | 3 seconds | near SM Sta
Quezon City Mesa. (Manila
City)
Aurora Boulevard Aurora
near SM City Boulevard
Centerpoint, 14.6064 | 121.0197 | 67 seconds | 3 seconds | near SM Sta
Quezon City Mesa. (Manila
City)
Aurora Boulevard Aurora
near SM City Boulevard
Centerpoint, 14.6065 | 121.0198 | 53 seconds | 3 seconds | near SM Sta
Quezon City Mesa. (Manila
City)
Aurora Boulevard Aurora
near SM City Boulevard
Centerpoint, 14.6065 | 121.0195 | 55 seconds | 4 seconds | near SM Sta
Quezon City Mesa. (Manila
City)
Santolan Road EDSA near
corner EDSA, San | 14.6108 | 121.0547 | 89 seconds | 5 seconds | Camp Krame,
Juan Metro Manila San Juan
Metro Manila
Santolan Road EDSA near
corner EDSA, San | 14.611 | 121.0557 | 45 seconds | 4 seconds | Camp Krame,
Juan Metro Manila San Juan
Metro Manila
Santolan Road EDSA near
corner EDSA, San | 14.6111 | 121.0556 | 69 seconds | 3 seconds | Camp Krame,
Juan Metro Manila San Juan
Metro Manila
Santolan Road EDSA near
corner EDSA, San | 14.6109 | 121.0556 | 57 seconds | 3 seconds | Camp Krame,
Juan Metro Manila San Juan
Metro Manila
Santolan Road EDSA near
corner EDSA, San | 14.6108 | 121.0556 | 34 seconds | 3 seconds | Camp Krame,
Juan Metro Manila San Juan
Metro Manila
E.Rodriguez E. Rodriguez
Avenue corner Avenue cor
Katipunan Avenue, | 14.6145 | 121.0708 | 35 seconds | 3 seconds Katipunan
Pasig City Near Petron
(Pasig City)
E.Rodriguez E. Rodriguez
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Avenue corner Avenue cor
Katipunan Avenue, | 14.6145 | 121.0714 | 45 seconds | 3 seconds Katipunan
Pasig City Near Petron
(Pasig City)
E.Rodriguez E. Rodriguez
Avenue corner 110 Avenue cor
Katipunan Avenue, | 14.6146 | 121.0714 | seconds 4 seconds Katipunan
Pasig City Near Petron
(Pasig City)
E.Rodriguez E. Rodriguez
Avenue corner Avenue cor
Katipunan Avenue, | 14.6146 | 121.0716 | 68 seconds | 4 seconds Katipunan
Pasig City Near Petron
(Pasig City)
E.Rodriguez E. Rodriguez
Avenue corner Avenue cor
Katipunan Avenue, | 14.6146 | 121.0714 | 51 seconds | 3 seconds Katipunan
Pasig City Near Petron
(Pasig City)
Marcos Highway E. Rodriguez
corner Sumulong Avenue cor
Highway, Antipolo | 14.6253 | 121.1255 | 34 seconds | 3 seconds Katipunan
City Near Petron
(Pasig City)
Marcos Highway
corner Sumulong | 14.6255 | 121.1256 | 71 seconds | 4 seconds | Out of Map
Highway, Antipolo Coverage
City
Marcos Highway | 14.6255 | 121.1255 | 58 seconds | 3 seconds | Out of Map
corner Sumulong Coverage
Highway, Antipolo
City
Marcos Highway
corner Sumulong | 14.6254 | 121.1257 | 62 seconds | 4 seconds | Out of Map
Highway, Antipolo Coverage
City
Marcos Highway
corner Sumulong | 14.6251 | 121.127 | 51 seconds | 3 seconds | Out of Map
Highway, Antipolo Coverage
City
Peace Village, 14.6151 | 121.1915 | 62 seconds | 3 seconds | Out of Map
Antipolo City Coverage
Peace Village, 14.6151 | 121.1915 | 53 seconds | 5 seconds | Out of Map
Antipolo City Coverage
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Peace Village, 14.615 | 121.1915 | 74 seconds | 5 seconds Out of Map
Antipolo City Coverage
Peace Village, 14.6153 | 121.1913 | 66 seconds | 4 seconds Out of Map
Antipolo City Coverage
Peace Village, 14.6153 | 121.1915 | 42 seconds | 5 seconds Out of Map
Antipolo City Coverage

Table 4.1 System Testing

Table 4.1 shows different location acquired by the GPS. The tests are
performed in different locations with the server located at Antipolo, Rizal. Each of
the location is tested five times and gathered its GPS coordinates together with
the server response time to the request and GPS response time. GPS response
time corresponds to the time taken for the GPS device to reply to the server
while the server response time is the time taken for the server to reply to the
requesting party. In different locations, there are different GPS and server
response time. It depends on where the location of the vehicle is (open or closed
area), GPS response time takes longer when the vehicle is in a closed area and
faster when it is in an open area. The average time it takes to reply to the
servers is 57.4seconds. The server response time takes longer when the network
is having traffic but in normal operation, the server response time takes only
about 4.2 seconds. Adding both responses time will give the total time it takes to
receive the tracking request from the time a request is sent. Tests done in
locations listed above are tested in one spot. The table shows that there is a
difference between the coordinates that are tested in same location. This is due
to the GPS accuracy +/- 2m which is equivalent to a 0.0001 decimal in the GPS

coordinates.
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Testing of GSM module

Another major part of the system is the GSM module. This module can
also be tested in a PC using serial port and a Hyperterminal 7.0 (Vista Version).
First way to test GSM module is to use a hyperterminal and use AT commands if
it is supported. If the said module is supported by a certain command, it will
output an “OK” to a certain AT command sent to the module. Table below shows

an example of AT command testing.

AT Command Reply of the hyper terminal
AT OK
AT+CMGS=? OK
AT+CMGF=? OK
AT+CMGD=" OK
AT+CMGR=? OK

Table 4.2 AT commands reply table

The given AT commands in Table 4.2 are the basic commands that are
needed to send, receive, and delete messages. The reply “"OK” of the computer
only means that the computer is communicating to the GSM module. The

proponents used AT+CMGS = "09272872312" <CR> hello <ctrl+ Z>. for testing
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the module in sending a SMS message. The recipient 09272872312 received the
text message “hello” after commanding the GSM module in the hyperterminal.
The command “AT” with a reply of "OK"” means that the PC and the GSM module
are communicating to each other. AT+CMGF is a command that sets the GSM
module reading format. AT+CMGR is an AT command that shows the message in
a specified index. The proponents tested the GSM module by typing in the
hyperterminal AT+CMGR=0 and reply of "OK" is received. This means that, there
is no message saved located in index 0 of the sim card inbox. AT+CMGD is a
command that deletes a message depending on the specified index in the sim
card. AT+CMGD=0 deletes a message in index 0 of the sim card. The testing

shown above is also used in testing GLOBE Tattoo for using it as a GSM module.

Testing Engine Off/On Request

The system is also tested using the Engine Off/On capability. For safety
purposes, the test is done in a stationary vehicle in which the vehicle is turned
on. The proponents decided to perform this kind of test to prevent accident.
Even if the vehicle is stationary, the immobilization is still applicable. Below is a
table that shows the time it takes for the server to send a confirmation message

to the requesting party when Off/On engine is requested.
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Request | Vehicle Exact GPS Server SMS message
Code Location response response sent as
time time confirmation
<OFFENG> Mapua
Institute of 62 seconds 4 seconds Your vehicle is
Techonlogy, now
Manila Point 1 immobilized.
( Near IEEE)
<ONENG> Mapua
Institute of 79 seconds 5 seconds Your vehicle is
Techonlogy, back to normal.
Manila Point 1
( Near IEEE)
<OFFENG> Mapua
Institute of 54 seconds 3 seconds Your vehicle is
Techonlogy, now
Manila Point 2 immobilized.
(Open Parking
Near Basketball
Court)
<OFFENG> | E.Rodriguez
Avenue corner | 40 seconds 5 seconds Your vehicle is
Katipunan now
Avenue, Pasig immobilized.
City
<ONENG> E.Rodriguez
Avenue corner | 58 seconds 4 seconds Your vehicle is

Katipunan

Avenue, Pasig

back to normal.
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City
<OFFENG> | E.Rodriguez Your vehicle is
Avenue corner | 110 seconds 5 seconds now
Katipunan immobilized.
Avenue, Pasig
City
<OFFENG> | Jollibee along Your vehicle is
Marcos 85 seconds 3 seconds now
Highway, immobilized.
Antipolo City
<ONENG> | Jollibee along
Marcos 40 seconds 3 seconds Your vehicle is
Highway, back to normal.
Antipolo City
<OFFENG> | Jollibee along Your vehicle is
Marcos 47 seconds 3 seconds now
Highway, immobilized.
Antipolo City

Table 4.3 Engine Off/On Testing

Table 4.3 shows the testing in Engine Off/On request. The tests are done
together with the GPS request code. Parts of the GPS test are done with Engine
Off/On request. The proponents first tested the GPS request code and after
recording the data, some places are also tested for Engine Off/On request. The
GPS response time is the time taken by the GPS tracker unit to reply to the
server while server response time is the time taken by the server to send the

confirmation message to the requesting party. Adding both of the response time
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is the time taken by the whole system to relay the confirmation message to the
requesting party. The average time for the GPS response time is 64 seconds
while the average for the server response time is 4 seconds. The time taken for
these tests are dependent on the delay of the system in reading the SMS and the

delay caused by the network.

Requesting correct format for turning on the engine is the same as the

conditions in requesting the exact location and in turning off the engine.

Partial correct format is also the same for the correct format. Requesting

incorrect format to the server will not trigger the server to request to the GPS

tracker unit
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Chapter 5

CONCLUSION AND RECOMMENDATION

This chapter contains the overall conclusion regarding the design. This chapter
also includes the recommendation for the design to improve its function,

reliability, and accuracy.

Conclusion

The design, after several testing, has conformed to the stated objectives
that include the reliability, accuracy of the GPS module and security by means of
immobilization of the vehicle. The general objective is also met by the design.
The design can track vehicle using GPS module by sending a SMS message to
the GSM module. The immobilization of the vehicle is also met by cutting of the
electrical power to the engine by interfacing the design to the ignition wire. The
database made for the design is almost complete for NCR regions. The design is
also tested in different scenarios; still it performs its task. Accuracy of the design
in tracking is almost the same as the output of Google Earth which is taken from
the satellite which is very accurate. Overall the functionality of the design can
greatly contribute to resolving problems on carnapping in the country. Sooner or
later, the design will be introduced to the market as a reliable product for

tracking and security purpose for automotives.
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Recommendations

The proponents recommend to individuals interested to the design to
greatly improve the tracking functionality as well as the security functions.
Tracking of the vehicle as recommended by the proponents must be broader
than NCR to increase the reliability of the system within Luzon. In this way,
outside the NCR will not be considered to be a dead spot by the computer
server. For better and faster way to track the vehicle, the proponents also
recommend that the tracking must be done in real time. Furthermore, they
encourage that all interested researchers should find a way to minimize the
overlapping of messages when simultaneous testing is done. The proponents
also recommend that the interface between the design and the car must be done
using the ECU of the car. But this method is much complicated, costly, and affect

— dangerous - that - might the - cars - performance.
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APPENDIX A

LIST OF MATERIALS

Quantity Component Name Price per piece Total

1 SMS module PHP 4,500.00 PHP 4,500.00

1 HOLUX GR-89 GPS module PHP 4,500.00 PHP 4,500.00

1 MAX232 IC PHP 50.00 PHP 50.00

1 PIC16F877A PHP 175.00 PHP 175.00

8 0.1 uF Ceramic Capacitor PHP 2.00 PHP 16.00

3 35V — 22uF Electrolytic PHP 5.00 PHP 15.00
Capacitor

2 78L05 Voltage Regulator PHP 15.00 PHP 30.00

3 LED PHP 2.50 PHP 7.50

1 16V — 47uF Electrolytic PHP 5.00 PHP 5.00
Capacitor

4 2 pin female connector PHP 5.00 PHP 20.00

1 8 pin female connector PHP 22.00 PHP 22.00

2 4W 1k Resistor PHP 1.00 PHP 1.00

1 40 pin IC socket PHP 15.00 PHP 15.00

1 4Mhz Crystal Oscillator PHP 20.00 PHP 20.00

2 33pF Ceramic Capacitor PHP 2.00 PHP 4.00

1 16V — 470uF Electrolytic PHP 5.00 PHP 5.00

Capacitor
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1aW 22k Resistor PHP 1.00 PHP 1.00
12W 2.7K Resistor PHP 1.50 PHP 1.50
Black Casing PHP 175.00 PHP 175.00
Relay Board PHP 150.00 PHP 150.00
TOTAL: PHP 9,713.00
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APPENDIX B
PIC PROGRAM
Device 16F877A
Declare XTAL 4
DECLARE WATCHDOG = OFF
DECLARE FSR_CONTEXT_SAVE = ON

ALL_DIGITAL=TRUE

REMARKS ON

Declare LCD_DTPIN PORTC.0
Declare  LCD_RSPIN PORTD.0
Declare  LCD_ENPIN PORTD.1
Declare LCD_LINES 2
Declare LCD_INTERFACE 4

HSERIAL_BAUD = 4800
HSERIAL_RCSTA = %10010000
HSERIAL_TXSTA = %00100100

HSERIAL_CLEAR = On

DECLARE SERIAL_DATA 8
Symbol T9600 = 84 NO_LIST

Symbol T4800 = 188 NO_LIST
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dim ctr as byte, alertCtr as byte,UTC as byte

dim latWhole as word,latDec as word,latN as float
dim latl as byte

dim longWhole as word,longDec as word,longN as float
dim longl as byte

dim pfi as byte

dim RQCtr as byte

dim myMsg[80] as byte

dim mCtr as byte

dim idx as byte

dim mMode as byte

dim eStat as byte

TRISA=$FF
TRISB=$7F
TRISC=$80

TRISD=$A8

PORTB.7=0

PORTD.2=0

eStat=EREAD 0
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if eStat=1 then

PORTD.4=1
else
PORTD.4=0
endif
cls
Print At 1,1,"INITIALIZING"
Print At 2,1,"DEVICE..."

delayms 8000

PROG_MAIN:
cls
Print at 1,1, "GPS:Initializing"
pfi="0"
while pfi="0"
HSerIn [Wait("$GPGGA,"),UTC, Wait(","), DEC4 latWhole, DEC5 latDec,

latI, Wait(","), DEC5 longWhole, DEC5 longDec ,longI,Wait(","),pfi]

wend
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cls
Print at 1,1, "GPS: Init OK"

delayms 2000

while 1
gosub smsRead

wend

smsRead:
for mCtr=1to 3
for ctr=0 to 79

myMsg|[ctr]=32

next ctr
cls

Print at 1,1,"READING MSG ",DEC mCtr

msgGR:

PORTD.2=1

SEROUT PORTD.6, T9600,["AT+CMGR=",DEC mCtr,13]
SERIN PORTD.7,

T9600,3000,msgOE, [Wait(34), Wait(34), Wait(34), Wait("<GPSREQ>")]
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cls

Print at 1,1,"GPS REQ MSG ",DEC mCtr
delayms 2000

mMode=1

gosub WriteData

gosub smsSend

goto delSMS

msgOE:
SEROUT PORTD.6, T9600,["AT+CMGR=",DEC mCtr,13]
SERIN PORTD.?,
T9600,3000,msgNE,[Wait(34), Wait(34), Wait(34), Wait("<ONENG>")]
cls
Print at 1,1,"ON REQ MSG ",DEC mCtr
eStat=1
EWRITE 0,[eStat]
PORTD.4=1
delayms 2000
mMode=2

gosub WriteData
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gosub smsSend

goto delSMS

msgNE:
SEROUT PORTD.6, T9600,["AT+CMGR=",DEC mCtr,13]
SERIN PORTD.7,
T9600,3000,msgTO,[Wait(34), Wait(34), Wait(34), Wait("<OFFENG>")]
cls
Print at 1,1,"OFF REQ MSG ",DEC mCtr
eStat=0
EWRITE 0,[eStat]
PORTD.4=0
delayms 2000
mMode=3
gosub WriteData
gosub smsSend

goto delSMS

msgTO:
cls
Print at 1,1,"NO REQ MSG at"

Print at 2,1,"MSG ",DEC mCtr
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delayms 3000

PORTD.2=0

delSMS:

SEROUT PORTD.6, T9600,["AT+CMGD=",DEC mCtr,13]

delayms 3000
next mCtr

return

smsSend:
RQCtr=1
PORTB.7=1
delayms 3000

PORTB.7=0

startSending:
cls
Print at 1,1, "SENDING ALERT #", DEC RQCtr

SEROUT PORTD.6 , T9600, ["AT+CMGS=",34,"09052777430",34,13]
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delayms 1000
if mMode=1 then
SEROUT PORTD.6, T9600, ["GPS: " latI,": ",DEC4 latN

longN]

elseif mMode=2 then

SEROUT PORTD.6 , T9600, ["Engine ON"]
else

SEROUT PORTD.6 , T9600, ["Engine OFF"]

endif
delayms 1000
SEROUT PORTD.6, T9600, [26]

delayms 10000

'if RQCtr>1 then
' goto smsOut

‘else

' RQCtr=RQCtr+1

goto startSending

nn
rr oI

longl,

" ", DEC4
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'endif

smsOut:

delayms 1000

return

WriteData:

HSerIn [Wait("$GPGGA,"),UTC, Wait(","), DEC4 latWhole, DEC5

latDec, latl, Wait(","), DEC5 longWhole, DEC5 longDec ,longI,Wait(","),pfi]

cls

Print at 1,1, latI,": ",DEC4 latWhole,".",DEC4 latDec

Print at 2,1, longl, ": ", DEC5 longWhole, ".",DEC4 longDec

latN=IatWhole//100

l[atN=IatN + latDec/10000

latN=IatN /60
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End

latWhole=latWhole/100
latN=IatWhole+latN
longN=longwhole//100
longN=longN + longDec/10000
longN=IlongN /60
longWhole=longWhole/100

longN=longWhole+longN

cls

Print at 1,1, latI,": ",DEC4 latN

Print at 2,1, longl, ": ", DEC4 longN

Return
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APPENDIX C

SERVER SOURCE CODE

Imports System.IO.Ports
Imports MySql.Data.MySqlClient

' MESSAGE DELETING
Public Class Main
Dim mobile_no(4) As String
Dim message(4) As String
Dim messagelocation As Integer
Dim default_mobile_no As String = "09062884499"
Dim gps_mobile_no As String = "09396592140"
Dim nameloc As String = ""
Dim command As String
Dim MainSwitch As Boolean = False
Dim usbport As String = "COM3"
Private Sub Main_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load
MainStatusLabel.Text = "Initializing...."
Timer_Initial.Start()

End Sub

Private Sub btnSwitch_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles btnSwitch.Click
If MainSwitch Then
btnSwitch.Text = "ON"
ManualModeToolStripMenultem_Click(sender, €)
MainSwitch = False
Else
btnSwitch.Text = "OFF"
AutomaticModeToolStripMenultem_Click(sender, e)
MainSwitch = True
End If
End Sub

Private Sub Timer_Initial_Tick(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Timer_Initial. Tick
init_mes()
Timer_Initial.Stop()
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MainStatusLabel. Text = "Initializing.... Done"

End Sub

Private Sub ExitToolStripMenultem_Click(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles ExitToolStripMenultem.Click
Me.Close()
End Sub

Private Sub ManualModeToolStripMenultem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
ManualModeToolStripMenultem.Click

MainSwitch = False
ManualModeToolStripMenultem.Checked = True
AutomaticModeToolStripMenultem.Checked = False
Label2.Enabled = True

Label3.Enabled = True

txtGPSE.Enabled = True

txtGPSN.Enabled = True

btnUp.Enabled = True

btnDown.Enabled = True

btnLeft.Enabled = True

btnRight.Enabled = True

btnLocate.Enabled = True
Timer_AutomaticMode.Stop()
MainStatusLabel.Text = "System is off"

End Sub

Private Sub AutomaticModeToolStripMenultem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
AutomaticModeToolStripMenultem.Click

MainStatusLabel. Text = "Starting automatic mode.."

MainSwitch = True
ManualModeToolStripMenultem.Checked = False
AutomaticModeToolStripMenultem.Checked = True
Label2.Enabled = False

Label3.Enabled = False

txtGPSE.Enabled = False

txtGPSN.Enabled = False

btnUp.Enabled = False



btnDown.Enabled = False

btnLeft.Enabled = False

btnRight.Enabled = False

btnLocate.Enabled = False

Timer_AutomaticMode.Start()
End Sub

Private Sub AddCoordinatesToolStripMenultem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
AddCoordinatesToolStripMenultem.Click

Coordinates_Management.ShowDialog()
Coordinates_Management.Dispose()
End Sub

Private Sub init_mes()
Dim SMSPort As New SerialPort
Dim portdata As String
Dim msgctr As Integer = 0
Dim startCMGR As Integer
With SMSPort
.PortName = usbport
.BaudRate = 115200
.Parity = Parity.None
.DataBits = 8
.StopBits = StopBits.One
.Handshake = Handshake.None
.DtrEnable = False
.RtsEnable = False
.NewLine = vbCrLf
End With
SMSPort.Open()
SMSPort.WriteLine("AT+CMGF=1")
Threading.Thread.Sleep(100)
SMSPort.WriteLine("AT+CMGR=" & msgctr)
Threading.Thread.Sleep(100)
portdata = SMSPort.ReadExisting
startCMGR = portdata.LastIndexOf("+CMGR:")

SMSPort.Close()
msgctr = msgctr + 1
End Sub

Private Sub read_sms()
Dim startCMGR As Integer
Dim messagectr As Integer = 0



Dim portdata As String

Dim SMSPort As New SerialPort

With SMSPort
.PortName = usbport
.BaudRate = 115200
.Parity = Parity.None
.DataBits = 8
.StopBits = StopBits.One
.Handshake = Handshake.None
.DtrEnable = True
.RtsEnable = True
.NewLine = vbCrLf

End With

For index As Integer = 0 To 4
SMSPort.Open()
SMSPort.WriteLine("AT+CMGF=1")
'should delay
Threading.Thread.Sleep(100)
SMSPort.WriteLine("AT+CMGR=" & messagectr)
'should delay
Threading.Thread.Sleep(100)
portdata = SMSPort.ReadExisting

startCMGR = portdata.LastIndexOf("+CMGR:")

If startCMGR > 0 Then
"THERE IS A MESSAGE ON THE SELECTED SLOT
portdata = portdata.Remove(0, startCMGR + 19)
mobile_no(messagectr) = portdata.Remove(portdata.IndexOf(""","))

message(messagectr) =
portdata.Substring(portdata.LastIndexOf("""") + 3)
message(messagectr) =
message(messagectr).Remove(message(messagectr).LastIndexOf("OK"))
Else

'THERE are no message
End If

SMSPort.Close()

messagectr = messagectr + 1

If messagectr = 5 Then
messagectr = 0

End If
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Next

End Sub

Private Sub delete_sms()

Dim messagectr As Integer = 0

Dim SMSPort As New SerialPort

With SMSPort
.PortName = usbport
.BaudRate = 115200
.Parity = Parity.None
.DataBits = 8
.StopBits = StopBits.One
.Handshake = Handshake.None
.DtrEnable = True
.RtsEnable = True
.NewLine = vbCrLf

End With

For index As Integer = 0 To 4
SMSPort.Open()
SMSPort.WriteLine("AT+CMGF=1")
Threading.Thread.Sleep(100)
SMSPort.WriteLine("AT+CMGD=" & messagectr)
Threading.Thread.Sleep(100)
SMSPort.Close()
messagectr = messagectr + 1
If messagectr = 5 Then

messagectr = 0
End If
Next

End Sub
Private Sub Timer_AutomaticMode_Tick(ByVal sender As System.Object, ByVal
e As System.EventArgs) Handles Timer_AutomaticMode.Tick
Timer_AutomaticMode.Stop()
clear_messages()

MainStatusLabel.Text = "Reading SMS...."

Timer_ReadMes.Start()
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End Sub

Private Sub Timer_ReadMes_Tick(ByVal sender As System.Object, ByVal e As

System.EventArgs) Handles Timer_ReadMes.Tick
Timer_ReadMes.Stop()
init_mes()
MainStatusLabel.Text = "Reading SMS.... Done"

read_sms()
delete_sms()
MainStatusLabel.Text = "Checking SMS...."

'CHECK FOR TRIGERRING MESSAGE
For index As Integer = 0 To 4

If message(index) = String.Empty Then

ElseIf message(index).StartsWith("<GPS>") Then
'This is a gps request
'Send a appropriate sms signal to the device
default_mobile_no = mobile_no(index)
command = "<GPSREQ>"
Timer_SendingCommand.Start()
Exit Sub

ElseIf message(index).StartsWith("<ON>") Then
'This is a engine off request
'Send a appropriate sms signal to the device
default_mobile_no = mobile_no(index)
command = "<ONENG>"
Timer_SendingCommand.Start()
Exit Sub

ElseIf message(index).StartsWith("<OFF>") Then
"This is a engine off request
'Send a appropriate sms signal to the device
default_mobile_no = mobile_no(index)
command = "<OFFENG>"
Timer_SendingCommand.Start()
Exit Sub

ElseIf message(index).StartsWith("GPS:") Then
'Locate this location
'This is a reply message, send to proper requesting number
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messagelocation = index
Timer_Locate.Start()
Timer_SendingMes.Start()
Exit Sub

End If

Next
MainStatusLabel. Text = "No Command/Request found."

If MainSwitch Then
Timer_AutomaticMode.Start()
End If
End Sub

Private Sub Timer_Locate_Tick(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Timer_Locate.Tick
Timer_Locate.Stop()
MainStatusLabel.Text = "GPS Coordinate found..... locating"

Dim gpsN As Double
Dim gpsE As Double
gpsN = Val(message(messagelocation).Substring(8, 7))
gpsE = Val(message(messagelocation).Substring(20, 8))
locate(gpsN, gpsE)

End Sub

Private Sub locate(ByVal gpsN As Double, ByVal gpsE As Double)
Dim myConn As New MySqlConnection
Dim myCommand As New MySglCommand
Dim myData As MySqlDataReader
Dim xloc As Integer
Dim yloc As Integer
myCommand.Connection = myConn
myConn.ConnectionString = "server=localhost; user id=root;
password=dan; database=gps"

Try
myConn.Open()

Catch ex As MySqlException
MessageBox.Show("Error in opening database")

End Try

myCommand.CommandText = "select * from mapindex where gpsn=" &
gpsN & " and gpse=" & gpsE



myData = myCommand.ExecuteReader
If myData.HasRows = False Then

myConn.Close()

MessageBox.Show("The GPS location is out of range or currently not
available on the database.", "GPS Error", MessageBoxButtons.OK,
MessageBoxIcon.Error)

nameloc = "Your vehicle location is out of coverage or not on the
database"

Exit Sub

Else
MainStatusLabel. Text = "Location Found"

myData.Read()
LocationToolTip.ToolTipTitle = "N: " & myData(0).ToString & ", E: " &
myData(1).ToString
xloc = myData(2)
yloc = myData(3)
nameloc = myData(4)
myConn.Close()
draw_point(xloc, yloc, hameloc)
End If
End Sub

Private Sub draw_point(ByVal x As Integer, ByVal y As Integer, ByVal desc As
String)

Dim coor As New Point(x, y)

Dim mappage As Integer = 1
Dim mapx, mapy As Integer

mapx = Math.Truncate(x / 785)
mapy = Math.Truncate(y / 526)

If (mapx = 0 And mapy = 0) Then
PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._1
Elself (mapx = 0 And mapy = 1) Then
PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._2
ElseIf (mapx = 0 And mapy = 2) Then
PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._3
ElseIf (mapx = 0 And mapy = 3) Then
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PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._4
Elself (mapx = 0 And mapy = 4) Then
PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._5
ElseIf (mapx = 0 And mapy = 5) Then
PictureBox1.Image =
Global.GPS_Tracking_and_Security.My.Resources._6

End If
'‘convert x and y back to minimal values

X = X - (mapx * 785)
y =y - (mapy * 526)

coor = New Point(x, y)

If x=0Andy = 0 Then
MessageBox.Show("Your vehicle is at " + desc + ". But it is outside the
map area!", "Information", MessageBoxButtons.OK,
MessageBoxIcon.Information)
Else
LocationToolTip.Show("Your vehicle is at " + desc, PictureBox1, coor)
LocationToolTip.Show("Your vehicle is at " + desc, PictureBox1, coor)
End If
End Sub

Private Sub btnLocate_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles btnLocate.Click
locate(Val(txtGPSN.Text), Val(txtGPSE.Text))
End Sub

Private Sub Timer_SendingMes_Tick(ByVal sender As System.Object, ByVal e
As System.EventArgs) Handles Timer_SendingMes.Tick
Timer_SendingMes.Stop()
MainStatusLabel.Text = "Sending Location to " + default_mobile_no
Dim SMSPort As New SerialPort
With SMSPort
.PortName = usbport
.BaudRate = 115200
.Parity = Parity.None
.DataBits = 8
.StopBits = StopBits.One
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.Handshake = Handshake.None

.DtrEnable = False

.RtsEnable = False

.NewLine = vbCrLf
End With
SMSPort.Open()
SMSPort.WriteLine("AT+CMGF=1")
Threading.Thread.Sleep(100)
SMSPort.WriteLine("AT+CMGS=""" & default_mobile_no & """")
SMSPort.WriteLine("Your vehicle is at " & nameloc & "." & Chr(26))
Threading.Thread.Sleep(100)
SMSPort.Close()
MainStatusLabel. Text = "Message sent."

If MainSwitch Then
Timer_AutomaticMode.Start()
End If

End Sub

Private Sub Timer_SendingCommand_Tick(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles Timer_SendingCommand.Tick
Timer_SendingCommand.Stop()
MainStatusLabel. Text = "Sending commands to device..."

Dim SMSPort As New SerialPort
With SMSPort

.PortName = usbport

.BaudRate = 115200

.Parity = Parity.None

.DataBits = 8

.StopBits = StopBits.One

.Handshake = Handshake.None

.DtrEnable = False

.RtsEnable = False

.NewLine = vbCrLf
End With
SMSPort.Open()
SMSPort.WriteLine("AT+CMGF=1")
Threading.Thread.Sleep(100)
SMSPort.WriteLine("AT+CMGS=""" & gps_mobile_no & """")
SMSPort.WriteLine(command & Chr(26))
Threading.Thread.Sleep(100)
SMSPort.Close()



MainStatusLabel. Text = "Command Message Sent."

If MainSwitch Then
Timer_AutomaticMode.Start()
End If
End Sub

Private Sub clear_messages()

For index As Integer = 0 To 4
message(index) = String.Empty
mobile_no(index) = String.Empty

Next

End Sub
End Class
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APPENDIX D

SERVER SOFTWARE SCREENSHOTS

Server waiting for request:
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GPS Request:
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APPENDIX E

PROTOTYPE PICTURES

Front View:
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Top View:
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APPENDIX F
SYSTEM REQUIREMENTS

System Requirements:

OS - Windows XP or Windows Vista

Processor — 1.0 GHz or faster (XP) or 2.0 GHz or faster (Vista)
Memory - 1.0 GB RAM (XP) or 2 GB RAM (Vista)

Hard Drive — 20MB free space

Microsoft .Net Framework 3 or higher

Mysql version 6.0 or higher

Usb 2.0 port

Globe Tattoo GSM
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APPENDIX G
USER’S MANUAL AND INSTALLATION GUIDE

Part Names
System front

Serial

Relay Status Indicator
Message Reading

Fuse holder

ON/OFF Switch

DC IN connector

Relay connector
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System wiring

Negative (+) power
Positive (-) power terminal
Relay terminal

Relay terminal

Installation

1. Find a secured place in the vehicle where the device can be mounted.

2. Located the device wiring as shown above.

3. Connect the Positive (+) terminal to the vehicle’s positive power supply
that is directly connected to the vehicle’s battery.

4. Connect the Negative (-) terminal to any part of vehicle’s body. (Example:
bolts, screws, etc.)

5. Cut off the ignition wire of the vehicle that is coming to the ignition
switch.

6. Connect the other end of the ignition wire to a single relay terminal and

connect the other end to the remaining relay terminal.

Caution: Ask for a help to an authorize auto-electrician for locating the wire
needed to be cut off. Incorrect wiring connection could damage the vehicle
electrical operation.
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System Antenna

Note: System antenna must be connected outside the vehicle’s body and must
always be facing towards the sky.

Getting Started

1.
2.

3.

Turn on the system switch.

The relay status indicator will tell where the system is at ON or OFF
state.

Wait for about 1-2 minutes for GPS initialization.

When the device is ready the reading message indicator will lit up
every 3-5 seconds.

The system is now ready for any operation
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Software Installation

System Requirements:

OS- Windows XP or Windows Vista

Processor — 1.0 GHz or faster (XP) or 2.0 GHz or faster (Vista)
Memory - 1.0 GB RAM (XP) or 2 GB RAM (Vista)

Hard Drive — 20MB free space

Microsoft .Net Framework 3 or higher

Mysql version 6.0 or higher

Usb 2.0 port

Globe Tattoo GSM

Preparing your computer

1.
2.

U

Insert your Globe Tattoo GSM to any available USB port.

Extract the file GPS.zip to C:\ of the computer that will be used as a
server.

Run windows command prompt and input “mysql —u root —p
C:\GPS\gpsdata.sql and press enter.

Input a password if applicable.

Open the location C:\GPS\GPSstart.exe

The GPS locator program will now run.
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Getting Started
User Interface

W GRS Locane L=

[.aJ#+—— ON/OFF Button

Bs  Jptom  Hep

Map display

A

Irstiding . lione:
A

Status indicator
1. Click the On/OFF button.
The status indicator will display whether the system is on or off.
3. Once the system is on, the system will continuously read message from
the SIM inside the Globe Tattoo GSM.

N

Note: It is normal that map display is empty upon running the program for the
first time. Map will be display if the system recognizes the coordinate being read.
Note: The server’s texting number will be same as the SIM card number inserting
into the Globe Tattoo GSM.
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System Functions
GPS Request

Send a message to the server starting with <GPSREQ> to request
for the vehicle location.
A reply message indicating the vehicle’s exact location will be reply
to the requestor.

Engine OFF
Send a message to the server starting with <OFFENG> to request
for a vehicle engine off function.
A reply message indicating the vehicle’s engine off confirmation will
be reply to the requestor.

Engine ON
Send a message to the server staring with <ONENG> to request
for a vehicle engine on function.
A reply message indicating the vehicle’s engine on confirmation will
be reply to the requestor.

Note: Command messages can be only send if the program is on. Otherwise it
will not trigger any action.
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[f————
FAIRCH|ILD
S A ONOLIE TOEe Mey 2003
General Purpose Rectifiers
Features
« Low forward woltsga drop. ¢
+ High surge currant capabiity
DO
COLTE BAND DENCTES GATHODE
Absolute Maximum Ratings * T, - 25 unlass atheswiea nolsd
bol Pa i i Units
Sym - 3001 | 4002|3003 | 8004 | 2005 |4006 |4007 |
Vamy | Peak Repetifve Fevarse Voltags 50 | 100 | 200 | 400 | B0 | EOO | 10000 W
Iz |Average Rectfied Fosward Curard 10 A
375 " baad length @ Ty = 75°C )
lrgpy | Mon-Rapetifive Posk Forwerd Surgs Curant 20 A
8.3ms Singhe Hab-Sins-Wave -
it [Ratng for Fusing { t<8.3ms ) a7 A'sac
Tere | Storage Tempersthes Range -85 b3 4175 a0
Ty Cperating Junciion Tamperabure -55 10 4175 o]

* Thesa rafings are imiling values abowe which the sarviceabiity of any semiconducior device may by impaired.

Thermal Characteristics
Symbaol Parameter Value Units
P Power Dezzipation an )
Fa.a Thermal Resistanca, Junchon to Ambisnl 50 =G
Electrical Characteristics T, - 2550 unasz alheswise natad
Symbaol Parameter Value Units
Ve Foraard Vollage @ 1.04 11 L
e Maximum Full Load Feversa Curent, Ful
Oycle Ty 75C " rA
I5 Aeversa Cument @ Rated Vs Ty= 255G 5.0 wh
Ty = 1000 50 A
Ty Totaf Capacitanca Vg = 4.0V, 1= 1.0MHz 15 pF

& 2007 Fairchig! Som conduclor Copasian
AReE001 - 1RADIT Rene &F

WWW.Ial niceneLoom
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Typical Performance Characieristics

Figure 1. Forw ard Current Derating Curve
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1N4148; 1N44438
High-speed diodes

Product specification
Supersedes data of 1999 May 25

Bl TR
@

2002 Jan 23
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Philips Seméconductors

High-speed diodes

Product specification

ThN4148; 1N4448

FEATURES

Hermetically sealed kaded glass

SODI7 {DO-35) package

High swwiching speed: max. 4 ns
(Zeneral appfication
Continuous reverse woitage:

DESCRIPTION

The TN214E and 1M244E8 are high-speed swiching diodes fabncated m planar
technology, and sncapsulated in hemeticaly ssaled leaded glass SODZT
(D0-35) packapes.

max 75 W
» Repetitive peak reverse woltage: - " i
max 100V © ———] ————
« Repetitive peak forward curment -
max. 450 mé
Thes clieaiish are Typs b avied
i , Fig.1 Smplified ouine {30027, DO-35) and symbd
ig- ouffine {5 : Sjand 5 .
« High-speed switching : ; :
LIMITING VALUES
In accordance with the Absolute Maximiem Rating Systemn (IEC 50134 ).
SYMBOL FARAMETER CONDITIONS M. A UNIT
Vrru repetiive peak reverse witage : 100 m
Va continuous rewsrss woltage 5 v
I continuous fonward cument see Fig.2; mote 1 - 20d mé
leraa regetitive peak forward current - 450 ma
lrem nion-repetitive peak forsend cument | sguare wave; T= 25 C prior to
urge; see Figd
t=1ps - 4 A
t=1ms - i A
t=1s - 0.5 A
Pra total power dissipation Tiaemes =25 C; note 1 - 500 mvy
Tag siorage temperature ] +200 *G
T junction iemperature - 200 c
Nate

1. Device mounted on an FR4 printed circuit-board; kead length 10 mm.
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Philips Semiconductors Product specification
High-speed diodes 1N4148; TN4448
ELECTRICAL CHARACTERISTICS
T = 25 "C unless othenwise specified.
SYMBOL FARAMETER COMDITIONS MIM. | MAX | UNIT
Ve forward woltage =ee Fig.d
4143 [z =10 ma - v
14443 lr=5mA 042 072 v
= = 100 mA - i v
In MERErSE CLment Vr=20V,seeFgh il n&
V=2V, T,=130"C; see Fig.5 |- & wA
s reverse cument; 14448 Wr=20V. Tj=100"C; see Fig.5 |- 3 LA
Cy dinde capacitance f=1MHz; V5 =10; s== Fig6 - 4 pF
t MENErSS fecovery tme when switched fromi 1= = 10 mA to | - 4 ns
= =060 m4; R =100 0
rmeasured at I = 1 mé; see Fig.7
Vi forward recovery woltage when switched from lr =50 mé; |- 25 v
t =20 ns; see Fig B
THERMAL CHARACTERISTICS
SYMBOL PARAMETER COMDITIONS VALUE | UNIT
Raip thermnal resstancs from junction to fie-pont | lead length 10 mm 241 KW
Faia thermal resstance from junction fo ambient | lead length 10 e note: 1 350 KA
Mote

1. Device mounted an 3 printed circwt-board without metalization pad
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uA78L00 SERIES

POSITIVE-VOLTAGE REGULATORS

ELVEDDI = JBNUAR'Y 1578 - REWIEED LY 1995

# 3-Terminal Regulators [ FACKAGE
® Output Current up to 100 mA TR e
® No External Components ouTRuT [+ v 8 [| WeuT
¢ Internal Thermal-Owverload Protection coMMoN [z 7 [ COMMON
® Internal Short-Circuit Current Limiting COMMON [|3 & || COMMON
® Direct Replacements for Fairchild uATSLOD Nels sfne
Saries
M - B4a inf=rmal commecsion
description
LP PACKASE
This zenes of fized-voltage ntegrated-circuit MO VIEW)
upltage regulators is designed for a wide range of
applications. These applications include on-card INFUT
regulation fior elimination of noise and distribution COMMON
problems associated with single-point regulation. QUTAUT
In addition, they can be used with power-pass
elements fo make high-cument voltage regulators.
One of these regulators can deliver up to 100 mA TEmIEAA
of cutput cument. The internal Bmiting and BK BACKAGE
themal-shutdown features of these regulators [TOR VIEW)
make them essentially immuneto overload. When
used as a replacement for a zener diode-resistor ] mpUT
combination, an effective improvement in output
impedance can be obtained, together with kwer
bias cument. ] coumon
The .M?EL[IUC sefies is d'.lamctem.ed for 1 outeut
operation over the vitual junction temperature
range of 0°C o 125°C.
AVAILAELE DFTIZHE
PACKABED DEVICES
y EMALL OUTLIKE PLASTIC CYLINDRICAL BOT48 CHIF
1 “';f"'] i) iLP) {PK) FORM
QUTPUT VOLTAGE TOLERANCE i
B 10% B 10% B 10%
6 | pATELOZACD - PATELOZACLR | PATELOZCLF | pATBLOZACFK | wATBLOZCFY | paTeLozy
E EATELOSACD | pATELOSCD | pATBLOSACLR | ATELOSCLR | pATBLOSACSK | wATBLOSCRY | paTaiosy
52 | pATHLDSACD | pATELOSCD | WATELDSACLF | pATSLOSCLF | uwATELDSACFK | LATELDSCRS | wATBLOSY
rem| & EATELOSACD | pATELOSCD | pATBLOSACLR | pATELOSCLF | pATBLOBACSK | wATBLOSCFY | paraioey
| s RATELOSACD | pATELOSCD | pATELOSACLR | ATELOSCLR | pATBLOSACSK | wATBLOSCFY | paraiosy
10 RATELIIACD - PATELIDACLR | PATELIDCLF | pATBLADACSE | wATBLADCFY | paTaLiny
12 EATELIZACE | pATELI2CD | pATELAZACLR | pATELIZCLR | pATBLAZACEK | wATBLIZCRY | paTaLizy
15 pATELISACE | pATELISCD | pATBLASACLR | paTELISCLR | paTBLISACEK | paTELIsCRE | paTeLisy

[t and LP packages are avaliabie ped and resled. Add B sulflr R o the device type [e.g., pATSLOSACDR]. The PK package |5 only availabie
taped and reied (.0, PATELOZACPRR) Chip forms ane tesbed ak Ty = 25°C.
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wA78LO0 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVEN O] - SANLIARY 1078 - REVISED JULY 1000

electrical characteristics at specified virtual junction temperature, ¥ = 3V, I = 40 mA {unless

otherwise noted)

LATALORD
PARAMETER TEST COMDITIONS TJT URNIT
MIN TrF MAX
iy 25 2K 2.7
W= ATEViD IOV, Ig=1mAmddmA -
Coutput woitaige o i2seg | 148 175 v
Iy = 1 mA o 70 mA 0°C o 125°c | 248 278
ot requistion W =478 Vip HV - X {00 -
voiage | 5
V=SV I0V 1B 75
Ripple rejecion V=620, T=120Hz =T 41 3| [« 2|
Iy = 1 mA o 100 mA 12 50
Cruriput voitage reguivtion X =
I3 = 1 mA o 40 m& ] 25
Coutpurt nalse voitage Tw 10 Hz b 100 kHz =T L 1] i
Dropout woitage E=T 1.7 v
EC 16 B
Eriys current mA
128G 5E
V=StV 25
B current changE oo 115 i
Ig =1 mAto 40 mA 0.1

TFLI:-e-t::tr-; techniques maintsin T ) as cios to Ty a5 possibie. Themal effects mustbe taken v sccount separaiely. All characteristics ane
mexsured wih & 0.3342F capackor across S Inpet and 2 0.1-gF capacitor across the cutput.

electrical characteristics at specified virtual junction temperature, V) = 10 V, I = 40 mA {unless

otherwise noted)

WATELBES LATELORAT
PARAMETER TEET COMDITION 2 TJT UNIT
BIN TYF MAX| MIN TYF MAX
2570 ] -1 t4 48 -1 5.2
Vi=T¥®020V, lp=-1mAts0mA
Coutput woltaige o0°C fo 128G a5 sE| 4TE 525 W
o= 1 mAo 7O mA o0°C fo 128G a5 sE| 4TE 525
V=T Win20V iz 300 32 150
Input 25 i
volage requiation v =8V 120V 2 1= Z 100
Ripple rejecion Vi=8Vin18Y, f=120Hz 25°C £] 43 47 43 a8
= 1 mA b 100 mA 15 &0 15 &0
Cutput 2 25°C =
volage requiation | iy, = 1 mA e 20 mA H 3 -] kL]
Gmm ] i 1] [
noise yoitage = 10 Hz o 100 kHz 25°C 4z 42 B
Diropout woitage 25°C 1.7 1.7 W
25°C iz ] ¥} B
iy Cumrrent mA
128 £5 5.5
Eilxs VimBVin2V 158 15
B 1o 125%C mA
et CANgE 4o w1 A 20 mA 02 0.1

T Pulse-testing technigues mainkain T as cioss o T, 25 possbie. Thermal effects must be tiken ino S0count separatst. All Charcteristcs an
measured wkh a 0.33-uF capackor across B inpat and 2 0. 1-pF capacior across te cutpul.
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I9m. Roy 11; 303

MAXIN

+5V-Powered, Multichannel RS-232

General Description

The MAXZ20-MAK240 family of line driversireceivens s
ntended for 28 EIATIA-232E end V2824 communecs-
tions interfaces, paricufardy spplicatons whese £12W &=
nat avadable

These paris are especeally ussful in battery-powersd =y=-
tems, since their low-power shutdown mode reduces
power dissipation 1o less than 5uW. The MAXZES
MAN23E, MAX2ES and MAXZASMAN24EMAY2AT use
no exiemal components &nd ane recomrnended or appli-
catons whene printed circui bosrd space i crifical

Drivers/Receivers

Features

Superior to Bipolar

+ Dperste from Single 5V Power Supply
[+5W and +12V—MAXZI 1M AX2IT)

+ Low-Power Receive Mode in Shutdown
(MAX22AMAX2AZ)

+ Mest All EIATIA-232E and V.28 Specifications

+ Multiple Drivers end Receivers

# 3-5State Driver and Aeceiver Dutputs

+ Open-Line Detection (MAX243)

Applications Ordering Information
Computers BART TEMP RANGE PIN-BACKAGE
Lowr-F r Modems MAZ2DCPE OFC o 4 70FC 16 Plastic OIF
" i MAXFPOCSE OFC 1o 4 70FC 16 Narnow 50
Interface Transiation MARZPICWE [FC 10 +70°C 16 Wide 50
Bsftery-Powered A5-232 Systems MAXZZDCITD OFC 1o + 70T Dice
Mullidrop AS-232 Matworks MAXZEPE SAFCio +857C 16 Plastic DIF
MAXTAESE SA0FC 1o 48570 16 Merrow 50
MAIEFIEWE -A0FC 1o +85°C 16 Wide 50
MAXIOEIE SFC o 4857 & CERDP
MAXIZNLIE SEC o 41260 1& CERDIP
Ordering informetion cortinued &t end of &8 5 sheet.
"Coniact feciory for dios speafoeions
Selection Table
Fowar Ho. of Hominal EHON Ax
Fart Supply R5-232 Ko, ol Cap. Walus & Threg- Acthvain Dals Rass
Rermbar OriversBx Exi Stala SHIN Faabares
v -- 2 Tl A DOWGr, MLy S ST 0
WA +h az L o T - 2 Low-powar SLADoWT
RLAERE (AT 46 45 4 107013 Yo & 130 FEE 2 and movers acte n shuldosm
L +5 RE a i W 13 Fwaliania ir 50
MRS (WA 45 &0 Ll 1001 i - 120 & cifwars with shuldown
B | (NPT 45 and 2= B 10415 2 a) - 120 Elanoord - B LN o batnny supnbcs;
15483 same nchors o WMACIR
RARCELE AN 45 Mz & 101 Mo - 120 B4 Iectusiny samoord
WRAXCTAZA +a MZ L] ol 2 =] - =10 Highar sk ram, Sl Caps
MACETES (WA B NE a =] - 120 Mo 0o CHne
5 2T 1] i =] = =0 Ho oeoral cans, Dgh siow mis
I J L] 3 TOMET) 23] - Fepoos OHE
MAACTTE (WA B hE a Vo - 120 HNa e cans
RRRICEEE (MACDE) 45 41 L (Eaf 8 i s - 120 Shuicown, Brea sialo
MACET (WA +B a0 L] 10k 1) =} - 12D Compiononis EIW PC seral pod
WAL WACRDE] 45 a4 £ 107001 =} - 120 Regiaoes 403 and 1420
RAROCETRG (AR 5 and a5 2 10013 Rl - 130 Btanmiand « 564 12 o balany sunrias
iTED4+ 533 singopackane sciudion ko IBM PC sarigl pors
L] +h 55 £ 10 i - 130 ¥ or Ak paokane
WACE ] (AR R 45 4= ) 1001 ] 120 Campigle ElW PC =snial pot
WACEET +5 Flv ] ol s W 200 Sooaraie shulnown and anaiio
WA ] 20 L ol Mo - 200 Coaning commcion SToifios mng
W +h B L 1o Mo - 120 Hgh siow raiks
AR +h B ia Yo & 120 High siow mis, B Gaps, wo sSwitoen modes
WA +h B0 1] - i L 120 High siow mais, I GIos, theos Stk oS
WA b H% a - L] ¥ 1D HiGh siow e, Nt s, rirs Oraing mosas
LSy e w5 HE 4 1 fas w 130 High siow nils, seiocivo hailohip aratios
LR 21 EfD 4 10 s L 120 Avaiabio I ogued eipack packago
MAXeLwaA  MoimniegraedProduicls 1

6PCXVIN-OCTXVIN
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAXZ220/2220/232A233A/242/243

SLaph'\'nu:E-:'-':d
Inpet Yoltage
Tin
FIN i Em:\e:-' P.-'.ﬁ.'l';-'. Al
Fpy (MEROEEAT).....
Tiowrr [Except IM’;GF'}'"'I M:lIH.
T (MAXEAT)...
Ot Volisges
Tiodime.
Fk:'l.r

DriveriFecshver Cusmu Shor Cirouiled to GNE'

Continuoia Power Disspation (T = 2 TIFC)
1E4Fin Plestic OF (derals 1053mWEC above +TTPCL_842mW
18Pin Plastic D8P [derate 11.11mWPC above 2 T0FCH

Note 1z Inpul vollsge messured with Tgur in high-mpedance stais, SHO or Voo = V.

Micrte 2: For the MAKZE0, V4 and V- can hawve a maosmunm magnituds of TV, bu their abechuts dSsrence cannol sxcesd 13V,

D3V io 4BV 20-Pin Plaste DIF {dorsge 8 00mWEC sbove +T0°C) | 440miW
16-Pin Narrow 50 {densbe 8. 70mWEC abowve +T0PC)...C05mW
o ALEN 1 I-\Fn:,_. IZICI"' 1E-Fin Wide 20 [derale IE2mWEC sbhave 270FC) TE WY
L2200 18-Fin Wide 20 {derate 3 5PmWEC ahave <T0FC).... TEPmiY
L2IEY 20Fin Wide 20 {derate 10.00mW"C sbowe +70°C)..000mW
=16V 20-Fin 350F (dernie B O0mWPC shovs £ 70°C) . . BA0mWY
13 1E-Fin CERDIP {derate 10.00mWET showe + TOFC]. . B00mWY
18-Fin CERDIP {derate 10E3mWNET showe +70FCH B4 2mW
J— () Opeoratng Temperaiure ja"q‘:d
22 "n.' I.. ['.l'._n: + L3V} MAXZ AT MAN? C_ . PG o+ TOFC
Corsirauous MARNZ _AE _ MAXP E ARG 1o +85°C
MAXZ _n!-hl'_ - M _'A.'I_ - BRI 4 1257
Siorage Temperssure Hange ... AT 1o 4 160FT
AW Lepd Tempershore (soldsning, 10} 40T

Sinese bamndihare Idod g "Absaliln W rum Rgngs” mey mus parmananl demgge b e ovco. Theso aw sms mingr i and fure ol
geemional o dovco & thoma or gy alher conatfons bapand. hosa indoaind’ n o gporaional seclony of the goeckcgions o ngl ioplod. Exposum 1o
arauio marmuym ming mrElinE b sdaned sl moy At dovas shahity

ELECTRICAL CHARACTERISTICS—MAX220/222/232 A/233A/242243

e

Woo = 450 £10%, C1-C4 = 0.0, MACAD CF = 0MTuF, C2C4 = DE3pF, Ta = Togm to Traa, unfess othbermse roted )
PARAMETER | CONDITIONS | MIN  TYP  MAX |UNITS
RA%-232 TRAMSMITTERS
o Yokage Swing M trarsmidter outpais keded with Jkdd to GND =h +3 ¥
npee Logic Theeshold Low t.d 08 ]
AR dewices excogt MAXZ20 2 14
per Logic Theeshokd High ¥
ph Lo ivesiit g WMAXZ0 Voo = 6OV 74
i ki A expapd MAXFED, normal coeration 5§ 1] oy
Pudl Upfinpud Curnent —
A o T - OV, MAKZZ242, shusdown, MAKZZ0 00+
= ” Voo = 554, SHGH = V. Viour = 15V, MAXZZ2047 =101 +10
O Leaksge Cumen }
e i Voo - ST — OV, Vo = =157 om e
Datm Fale 200 186 | kbps
Trememigier Cutpat Resisianos Voo =Ye = Ve m OV, Vi =22V K1 108 i
Dot Bhort-Ceced Cumrenil Vo = &7 +77 ml
RE-23% RECEIVERS
RE-237 Inpui Vokages Opsrating Range +01] ¥
Al mxoeni MAXLT By o4 3
RE-232 nput Theeshold Low Vo =5 ¥
i W MAKA3 Py (hick 2] 3
Al mroeni MACILT Ry 1E 24
RE-232 lhput Theeshoid High Vop =5 L
i ! ': MARZ43 Rz (o 2] FTIEY
Tl W = BY, ro b =T 2 113 1
RS.232 tnput Hysieresis ﬂ.lcx::epnl RIS Noe = BV, o hysieress inshdn ] Y
MAKIAT I
FRE-237 npul Resisisnces | 5 T 1]
TTLCMOS Output Yoltage Low lour = 32mA L2 a4 ¥
TTLCKMOS Duiput Vohage High lggyp = -1.0mA 35 Wgo-02 ¥
it Soureang Your = GHD -2 10
TTLECMOE Cutpu Shan-Circust Cumment. (——— . 1 md,
Shrinkng Vour = Yoo pli} an
2 AMAXLAM
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232 A/233A/242/1243 (continued) z
Voo = 45V £10%, T1-CA = 00Tk, MAZ2D CF = 00T, G208 = 0U530F, Ta = T 1o Tagas, urfisss otharmse noted )
PARAMETER COMMMTIONS MiH TYP MAX | LINITS h
SHON = Yoo ar B = Vion (S0 = O lor MAX222
TTLICMOS Duput Leskage Current. [ =0~ Y250 EN = ¥or (SO = O jor MAXZI) 006 +10 | pA >
4% Mot = o
EM Input Threshold Low TEVEEH 14 0 v
EM Irpus Threshold High MAXIAD 20 14 v ?
Dperaging Supply Voltage R hE W
o MR D& 2 !
-y 2 0aT ™y e Lt & {7} Jrear
Voo Supply Corrent (SR = Yool MUK a0 AP AR A4S [] 0 - h
Figwe=E £ 11,18 et load AN 12 H
both mpais AN 22 AP EAAL 24E 16
T = 2570 oA 0 §
Ty = 0FC jo +70°C 2 &0
Shutdown Supply Current MA2 22243 T:': = -'.:“l:.-_::[-:’_.‘-': 5 T e 15 ]
Ta = GEC oo 3+ 125°C 5 00
T Inpus Leakesge Current MAKP P47 st bl
SHACH Threshold Low MANAF2EA2 14 08 W
T ThHreshold Highi MANZZ2R43 20 14 W
G = HpF o 2500pF
e P\ marzmanzzamaee | 2 @
Transzion Skew Hste Voo = B T = +25°C Wips
measured froem <3V | prasoan 1.5 3 i}
- or IV =Y ST =
s A2 AP EAAT 2 13 15
Transmitter Propagestion Deley FHLT [Tl ] 10
TLL &z AS-232 ¢ | Crzeration) - s
bt A A W22 7 AR AN A2 15 35
FLHT
i MAKER] 5 0
Py A2 AR AT A2 D& 1
Recesver Propegeton Delay Tt TR T T
AS-227 1o TLL (Normal Cperstion} SRR LR e -
C 5 IR R AT AP 2 S D& 1
Fipure =] ”::
g MANZAD oa 3
Azcemyer Propergaton Dielay LS [ e D& 0 5
AE-23 1o TLL (Shutdown), Figure 2 [ 0 MANZED 3 10 i
Recenver-Outpus Erable Time, Fgure 3 | g [t 1% 500 ns
Aecaiver Duipud Dissble Time, Fipoe= 3| DR A2 160 00 s
Trangmiter-Cuipul Enable Time MBSEFZRE 2 O uF caps e i
{ZHOM Goes High), Figare 4 {inchudas chenge-purmp star-up) 1 Hs
Transmitter-Chrtpet Disabla Time MAKEZEE4T, 1 10 caps B e
{EHIN Goes Low), Figere £ ol - T : -
Transmitter + a - Fropspatian TR AT AT A A G o0 ==
Dy Dfierence omel Operatian) |0 - ToH [ TREEd YT 5
Aecesver 4+ o - Fropagstion e 3 AT AT A S 10
Doy Dfterence [Nomel Operatin) | FHLA - FLHA MEANZAD 5 i
Mabe 3z MAKTA3 AZcin = querand=ad 1o be low when Ay is = 0V or is floaling.
AAXILIAM 3
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PIC16F87XA

Pin Diagram

POHP (40 pim)
MOLURA PR —= [T 1 Wt e [T =— mErfan
FRALEND e T2 2 [T e RESPLLC
RANAN1 +—= [ 3 33 [ — ras
REYANDNRET-JCVTET o [T 4 a7 T e FiEs
Rasamnatmgrs +—-[ 5 o [T =—s RESPOMN
BAATOCEUEIOUT —— T4 45 [T w— RECZ
RASAMATRCIOUT a—e [ 7 ﬁ 34 [T e RE1
REOMTUENES +— [T & E 35 [T = RESNT
RETANRIAMNE -—=[T0 = o [T = Voo
RENCEAMT -—[] 1 E | e —
Voo [T 11 P 33 [T s ROTPERT
WaS — [T 12 T e RO EPS
CESCLEIN—e ] 13 E 28 [T == ROSPEPS &
CEr AT o His T o Hae—a rOavaps E
RCTIGSONTICHE - [ 15 E w8 [T e RoTmaDT E:
RCUTICEVOCRE o [T 18 25 [T =—s FCATHACE
REHECF o [ 17 24 [T aa FOCSAED0 £ =E ag
BORECHECL +—[] 18 25 [T = HCSEDE0L FETRE ?H
ADSPERY e H 14 25 [ e P8 h?:'--=_-|-'°§ e
AOPER e O 28 34 [T e RGPS — EiééTEEEEEE
e
F'Lﬁli."l.hir.u_;our — I.I'-u"-r-r"u"u'=| — R
W:M} 20T o [Tk I e R
A s okae
1" ). [era—— -+ Ll
RESTHANT [T 1y PICIGFBTTA 3+ wo
e E}i PICI6FBTAA S5 TC Aifwers
DS — [T 14 ] w—— ROAPEPE
OECHCLROLT =——JT1£ 1Ll =—= RDAFEPE
th.-hl.‘-&a:ﬂ::m T e ilﬂu :gﬂ.;:i{r
: ‘eSS
% :;ﬁ' g
QDEEEEE;_E% “HH““
CEREEEEE e TS
LA E3 L D E C 6 R 5] & _I..-]'\-.'
0 O O O &I X X gﬁ"ﬂﬂﬁgg?!g
FP E-CEETEs
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L=}
o
EIRTEABERES 1
ACTRGOT =+ 1 =3 HC
ROAFERE —-— rd R == RCT O80T G
RLAFEPE =+ 5 ."-E—' ggEZJ.-L‘LF_-_I'JT
ROAFERE 4 3 —-— SUCLHIN
ROTFERT = £ PIC1GFETTA g%-— Vs
:E R q PICIGFETAA S p— :g,myfg
RBOANT = 4 i = RE1UANSINE
I.I.HP;I —_— : = =— ”‘HME-H_F
RED =i 18 2AHT == R MASEEICIOUT
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PIC16F87XA

17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

AT BEMPETBAUNE T DS ... oo -~55 10 + 126G
Siorage temperaiure ... . 5o 4is0C
Voitage on any pin with respemto Vas [Emem Voo, MCLR. and HM:- eemrensns 03V 10 (VDD # D3V
VOIE30E ON VOO W MESDECE 0 VBB ... oo snmssmneees -3 10 475V
Voitage on MCLR W FEEPEC 10 VEE [NOE 2] .o cmseesnmsemsssemsesne ) 10 1Y
VOIEI08 0N RAS WH FESPEEEI0 VB .o oo cmssesemrsesssnesene ] 1 $5.5V
Total power dssipation MO8 1) e L. T
MU CBTENE DUE DFVER PN oo 00 TR
MU CTEE I VDD BIN ..o 250 TR
Input ciamp curment, (i (Vi< 0 or Vi = Vo). . 20mA
Oulput clamp cument, Ik (Vo< 0 or Vo = Voo) ]
MZHMIU OULPUE CUTENE SUK DY A 10 PN 25 T
Maxmum output cuent scurced by any 1O pin ... R IS -1, | |
MaHmum clETent sk by PORTA, PORTE and PORTE .:mmune-:. [rinta 3|| e 300 TR
Maxlmum cuTent sourced by PORTA, PORTE and PORTE {combined) (Note ap:m mA
MU clETent sunk by PORTE and PORTD (comBIned) (NOtE 3} oo 200 TR
Maximum ciTent sourced by PORTC and PORTD (Comained) (NOt 3] ..o 200 MA

Note 1; Power dissipation Is calcutated as follows: Pdls = Voo x {Ioo- I lok) + T (VoD - Vow) X loH) + Z[Vai 1 loy)

2: Voltage splkes Delow Vs at the MCLR pin, nducing cuments greater than 80 ma, may cause aieh-up.
Thus, 3 series resistor of S0-100£ should be used when applying 3 “ow” level to the MCLR pin rather than
puling this pin directly fo Vas.

& PORTD and PORTE are nof Implemented on PIC18FET3AMTEA devices.

+ NOTICE: Stresses above thase listed under *Absoiute Maximum Ratings” may cause pemanent damage o the
device. This Is 3 5iTess rating only and functional operation of the device at thase or any ofmer conditions above those
Indicated In the operation Estings of this speciication |5 not Implled. Exposure th maximum rting condiions far
extended periods may aflect device rellablty.
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PIC16F87XA

171 DC Characterisfics: PIC16F8TIABTAABTEAIRTTA (Industrial, Extended)
PIC1GLFETIAMTAAMBTEABTTA (Industrial)

PICTELFATIA/ETAAIBTRAIATTA Standard Operating Condidons (uniass otherwize stated)
{Industia) Operaing iemperature 40°C < Ta £ #85°C for Rdustrial
Standard Operating Condlifons {unises otherwise stated)
thrfl;a;;g:;m:ﬂﬁmn Operatng femperature  ~40°C < Ta < #85°C for ndustrial
{ : -A0MC = Ta < +125°C far extended
Param Charactartaflc
No. | Symbol sy Min | Typt | Max | Unita condliions
Voo Supply Voltage
D401 1ELFETHA | 20 - 5.5 V| Al configurations
{DC to 10 MHZ)
D0 16FETXA | 40 - ] V| Al configurations
DDA VBoR 5.5 ¥ | BOR enabled, Fasn = 14 MHz™
D002 Vor RAM Data Retention — 1.5 = v
Woltagal™
D3 WroR | VoD Star Voltage o =r Ve e V| 2ee Section 14.5 “Powsar-on
ENEuna Insmal Power-on Ressl [POR]" o detzis
Resel signal
Dil0d SwoD | VoD Rlee Rale oensure | 0.0% - — | Wime | See Section 14.5 “Powsr-on
Intermal Powsar-on Resat Reast [PORJ" for detais
Eignal
D0 VeoR | Brown-gut Resat 388 | 40 | 435 WV | ECDEN b in configuralion word
violtage enabled

Lagend: Rows with standand voitage device data only are shaded for Improved readatiity.
£ Datan “Typ" column 15 at 5V, 25°C, uniess omenwise stated. Thess paramaters ana for design guidanca
only and are nof tested,
Mods 1: This is the lmit to which Voo 2an be lowered wihow osing RAM data.
2. The suppy cument ks malnly 2 funciion of the operating voliage and fraguency. Other Tackors, 5UCh as L0
pin inading, switching rate, oscillabor type, intemal code exacution pattem and lemperaiure, also have an
Impact on the cusTent consumabion.
Thie tes! canditions for all oo measurzments I actve operation mods are:
0561 = exbemal square wave, from ri-o-rall; ak 1o pins Ti-sated, pulled to Voo,
MCLR = Voo, WOT enabled‘dlsabled a5 specified.
4 Thepower-town cument i Sleep mode does nat depend on the osclliaion ype. Power-down cument s
measured with the part In Sleep mode, witn ail 110 pin In high-mpedance state and ted o Voo and Ves.
4 For RC 0sC configuration, clement throlgh REXT Is not Incudsd. The cleTent theotgh the resistor can be
estimated by the formuia Ir = VooZRexT (mA) with RexT In kil
5 Timeri ceciliaior jwhen enatied) adds approsimatsly 20 pA ta the specification. This vakie s from
characterization and s for design guidance only. This 15 not tested.
&2 TheA cument is the addfonal cument consumed when this penpheral 5 enadied. This curment snouid be
added to the biasa (oD o FD measEement
7: Whan BOR Is enabled, the savice will operate comaetly unill ihe Veom voltage trip point |s reached.
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PIC16F87XA

171 DC Characteristics: PIC1EFETIASBTAABTEAETTA (Industrial, Extended)
PICAELFETIAETAABTEARTTA (Industrial) (Continued)

PICIELFBTSAJBTAAIBTEAIETTA standard Operating Congitions {uniess otherwlzs atated]
fingusirial) Operating temperature  -40°C < Ta < +35"C for Indusinial
Standard COperating Conditions [unigss otherwlze atated)
F“:;ﬁﬁﬂl g ;:gr"?:d.:mm Qiperafing temperatire  ~40°C < Ta < +35°C for Industriai
' ~A0°C < Tw s +125°C for exiented
Param Characteriztic!
No. | Symboi Devics Min | Typt | Max | Units Conditions
ioo Supply Current™®
oo 16LFATMA | — | 06 | 20 | mA |XT, RC oscconfigurations,
Foec = 4 MHZ, Voo = 3.0V
Do 16FaTXA | — | 16| 4 | mA |XT. RC oscconfiqurabons,
Foec = 4 MHZ, Voo = 5.5V
DO10A 6LFaTsA | — | 20 | 35 | pA |LP oscconfiguration,
FoBC = 32 kHz, Voo = 3.00,
WDT msablied
D3 1EFETHA | — 7 15 | mA [HS oscconfiguration,
Fioec= 20 MHz, Voo = 5.5V
D015 |AscR | Brown-put — | 8 | 200 | pA |BOR enabled, Voo = 5.0
Resat Current™

Legend: Rows wih siantard voitage devica data only are shaded for Improved readabiify.
t Dat in “Typ" coiumn ks a1 5V, 25°C, unless offerwise siated. These parameters are for design guidance
only and are not tested
Mote 1 This is the imit to which Voo can be lowered without losing RAM data,
2. The supply cament s malnly a funcllon of the opsrating volage and frequancy. Oter fachors, such a5 1D
pin i:-au.‘-ng-. E-Wrtlﬁ'lhg raie, peckator tj'FIE. Intermal code execiiion pattam and temperatura, also hiave an
Impact on the cument consumpdion.
The test conditions for 2 100 measurements In 2ciive operation mogs ane:
501 = extemal SUaTe Wave, Trom rali-=io-r2d; all Ko _£||F$ Ir-siated, FILI?'|E"E o Voo,
MCLA = Voo, WOT enabledidisabled a5 specied.
3 The FI:IWEF-WH"'I cumend In EEEEFI mode doss nod IEFIE."'III o0 e ceciator t]l'FlE. Power-oown cument 15
measured With the part in Sieep mode, with 3l IO pins In high-impedance state and fied to Voo and Ves.
4, ForRC osc Wnﬂﬁﬁ!ﬂn. curment |.'|'1I'D!l'g'|"| RExT is not Incleded. The cumant ml'l:ﬁ.ﬁ'l the reslsior can be
estimated by ihe foMmua Ir = VoOZREXT (MA) Wih RexT In kil
5. Timer! csciliator [when enabled) adds approdmately 20 A to the spachieation. This valus ks from
characterization and s for design guidanca oniy. This i not tested,
E. The A cument i tha addilonal cument consumed whan his FIEﬂF-"IEE| |5 anabled. This cumant should be
added o the base (oD oF IPD Measurement.
7: When BOR s enabled. the devics will operate comaciy bl the VaoR voltage trip point is reached.
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PIC16F87XA

17.2 DC Characteristics: PIC1eFETIARTAABTEASTTA (Industrial, Extended)
PIC16LFATIABTAABTEABTTA (Industrial)

standard Operating Conditiona [unisss otherwlss stated)
Operatng lemperature  ~40°C < TA< +85°C  Sor Industrial
DC CHARACTERISTICS 407G < Tas +125°C for extended
Dperafing voliage Voo range as desciibed in DC specification
[Section 17.1)
Fﬂ:’“ Sym Charactariatic Min  [Typt| max |unte Conditions
WiL input Low Veitags
VO ports:
oo30 wih TTL buffer vaz | — |[n5voe| W |For entre Voo mnge
DO30A vas | — | OBV | ¥ |4Sv<vDD=55V
oo31 with Schmitt Trigger ufer vas | — |02wvoo| W
Doaz MICLR, 02C1 (in RS made) vez | — |02voo| W
DD33 OSC1 {InXT and LP modes) wes | — | oaw | v |{Note 1)
DSCH (In HS mods) vaz | — |[0avoo| W
Pofs RC3 and RC4: -
Do34 with Schmitt Trigger bufer waz | — |[0.3voo| W |For entre Vioo range
DO34A wih SMEus 45 | — | 0B | ¥ [Forvoo=45tassy
ViH Input High Voltage
VO ports: -
D040 WRh TTL berffer 20 | —| veo | ¥ |asvevop<ssw
DO40A g2svoo| — | woo | W |For entre Voo range
= DLEW
o041 wilh Schmitt Triggeroufter | 03%Woo | — | woo | ¥ |For entire Voo range
D42 MCLR cavoo | — | %oo | W
ooaza ©SC1 (InXT and LP modes) 15¢ | — | voo [ W |(Note 1)
DSC1 (in HS mooe) 07voo | — | woo | W
0043 OSC1 (In RC mode) psvoo | — | woo | W
Ports RC3 ant RC4
D044 wih Schmitt Triggeroufter | 07voo | — | Woo | ¥ [For entire Vioo range
D44 Wih SMEUS 14 | —| 55 | ¥ |Forvoo=45t055v
D070 (IFuRe  |[PORTB Weak Pull-up Cument 50 [250 | 400 | pA [Voo =5V, Ve = Vas,
-40°C TO +65°C
I Input Leakage Cumanii®
DOED V0 ports - - +1 1A [Wes < VPN < Voo,
pin at négr-lmpe-:ianne
DOE [MCLR, RA4TOCK] - - 5 | pA [Wes < VPN < Voo
DDE3 osCH - - 5 | pA [ves < VPN < VoD, XT, HS
and LP osc I:I:ﬂr-gh'ﬁﬂm

" These parameters are characterized but not t2sted.
+ DataIn Typ" column is @t 5, 25°C wnless otherwise stated. These paramelsss are for design guidance
paly and are nod tested.
Hote 10 InRC oscilator confguration, the CSCTACLE] pin 16 3 Schmifit TRgger Ingut [1is not recommendad that ihe
PIC16FBET XA be driven with external clock In RC made.
?: The leakage cwrent on the MCLR pn is stongly dependent on the apphed volage level. The specified evels
repres2mt narmal cperating conditions. Higher leakage cument may be measured 21 @Manent input voltages.
3. Megaiive current Is defined a5 cument sourced oy the pin.
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172 DC Characteristics: PICT6FETIABTAA/ETEAMBTTA (Industrial, Extended)
PICTELFETIAMBTAAIBTEAMATTA (Industrial) [Continued)
Standard Operating Condiions (unisss ctherwies statad)
Cperating temperature  -S0°C <Ta < +B5°C  for hdusinal
DC CHARACTERISTICS =-A0°C < Ta < +125°C for exiended
Operating volEge Voo range as gescribed In DT sp2cification
{Baction 17_1)
P::"‘ sym Charactaristic Min  [Typt| Max |units Conditions
VoL Cutput Low Voltage
DOG0 I’ poats == — (H] Vo |loL=8.5 mA, VoD = 2.5V,
-20°C %0 +85°C
DDa3 OSC2CLED (RC osc config) — — DG Vo lloL= 1.6 mA, Voo = 4.5,
-A0°C 1o +85°C
Voe  |Output High voliage
COa0 L8] |:|:ra!1:E~':=':I Voo -0.7| — = Vo |loH=-3.0 mA, Voo =4.5V,
-A0°C 0 +85°C
Doz OSCHCLKO (RC osc config) Voo-07| — _ Vo |loH=-1.3mAa, Voo =45,
-20°C W +85°C
0150 |voo  [Open-Drain High voltags = — | &5 v |RAZ pin
Capacitiva Loading Specs on
Cutput Pine
010D |Cosc2 |OSCZpin — —_ 15 pF |InXT, HS and LP modes when
ewiemal chock s used (o drive
oEC1
DDt |Ck» All VO pins and D502 (RC mode) — — =0 pF
Dinz |Ce SCL, S0A (FC mode) == = 4Dk pF
Data EEPROM Memary
D120 |Ep Endurancs 100K il — EAN |-20°C 1o +55°C
D121 |Voew |Vioofor read'wiie VAN === ] ¥ |Using EECON to readfwrita,
ViAN = Imiln. operating voltage
D122 |Toew |Erasefwrite cycie time _ 4 g ms
Program Flazh Mamory
0130 |EP Endurance P 100K _ EAN |-20°C o +85°C
D131 |veR  |Vooforread Vi | — 5. V  |Vian = min. operating voltage
Di132a Voo for erasefarie WRAN — 5 ¥V |Using EECOHN to readfwmiz,
VAN = min. operating woltage
D133 |Trew |Erase/Wrile cycie tme — 4 B ms
* Thess parametsrs are characherized but not tested.
+ Da@ in “Typ" column ks 3t 5, 25°C uniess othenalse stated Thess parameters are for oesign guidance
only and are not tested.
Note 1; In RC oscllator comfguration, the OSC1/CLE] pin s 3 Schenit Trigger input. It 5 not recommended that the
PIC1SFETHA De driven with exiemal cock in RC moda.
2 Theleakage cumsnt on the MILR pin i stongly depengdent on the applied voliage level. The specfied levels
regrasent nomal oparating condiions. Higher leakage cument may be measurad at diferent input volages.
3:  Megative cument & defined as cument sourced by the pin.
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RT9163

500mA Low Dropout Positive Voltage Regulator

General Description

The RTB183 is a positive bow dropout regulator designed
for applications requinng kow dropout performance at full
rated cument. The device is avadable in fixed output
voltage of 3.3W, 3.5V, and 5.0V, The RT2163 prowvides
excellent regulation over line, load, and femperature
variations

The pther features include low dropout performance at a
maximum of 1.4Y at 500mA, fast transsent response,
infermal curent limiting, and temal shutdown protecton
of the output devices. The RTE183 is a three-terminal
reguiator available in surface mount S0T-88, 30T-223,
and TO-252 packages.

Ordering Information
ATEIEE-00 0O T

Packags Type

ZL : TO-02 (L-Type)

X BOT-80

XL 5OT-58 {L-Type)

L:TD-252

G ; SOT-223 (Typa)

GL I S0T-223 (Type-l)

GT : SOT-223 Typedn)

GF : SOT-223 TypeIv}

L Cperating Temperature Range
P - PbFree with Commerclal Standard
G o Graen I:H-3|DgEﬂ Fres wlth Commier-

i3l Standard)

———Owiput Voliage

3:33V

35V

5OV

ENGad Bl
EN

Mote :
RIchTek Pb-ree and Green products are :
#ROHS compidant and compatinle with the curmant require-
ments of IPCAEDEC J-STO-020.
wEultabie for LSE N SnAb or Pb-frag SOMJENNG pOCECses
+100%matte 80 {Sn) plating.

Marking Information

Formarking information. contact our saes representative
dmectly or through a RichTek distnibutor kocated in your
arza, otherwise visit our website for detai,

Features

» Lovw Dropout, Mazimurn 1.4 at 300mA

= Fast Transient Response

=t &% Total Output Regulation
= 0.4% Line Regulation

» 1.4% Load Regulation

= TO-52, 50T-83, 50T-223, and TO-232 Packages

= RoHS Compliant and 100% Lead (Fb}-Free

Applications
« W te 3.3V Linear Regulator

« Low Voltage Microcontrolles, DSP. etc. Power Supply
« Linear Regulator for LAMN Card and CO-ROM

Pin Configurations

[TOF VIEW)
1 VOUT
z d =MD
i 1 Y]
RTZ1E3-00OCIL
To-02

IR

igl

YOUT GHRD  VIN WOUT
ITAB)
RT9163-000CK RTS163-000CKL
SOT-E9 SOT-E3

1 2 3
LI
EMD
(TAB
YouUT Wi
RTo1E3-00cCL
TO-252

i 2 3
WVOUT GHND WIN

| TAE]G
RT3153-000G
SO0T-223
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RT9163

:

2 3
GHD yoUuT
(TAB]
RT21E3-00CEL
SOT-223

Typical Application Circuit

Function Block Diagram

At il e

GHD WOUT ViN
{TAS)

RTS163-00CET
S0T-223

WIN WOUT

(]
I'— i
(=]

1 2 3
GND  VIN  VOUT

(TAE)
AToiE-00CGF
S0T-223

Buffer
Ampiner

T sl
Shuddown

Curment
Limitrg

Bensor

Functional Pin Description

Pin Function

Pin Name
MOUT Dutput Vicdtage
GMD Ground
VIN Power Input
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Absolute Maximum Ratings
* "Dﬂwtﬂw'

« Power Dissipation, Pp @ Ta=25°C
TOHE2

SO
SOT-223

TO-252

« Package Themmal Resistance (Mote 4)
TO-82, B

S0T-80, 8,
SOT-80,

SOT-223, 8
SOT-Z23 d,

TO-252, 6,

TO-252, b,

« Operating Junction Temperature Fange

« Storage Temperature Rangs

Electrical Characteristics
[Win= 5V, Ta= 25°C, uniess otherwlse speciiad)

15V

06250
05TIW
0.740W
14T1W

180°CAY
48°C/W
175°CAY
18°CW
135°CAY
TECMW
BACAN

—40°C to 125°C
—85°C to 150°C

Parameter Symbaol Test Conditions Min Typ Max | Units

RTB163-33 3235 | 3300 | 3385
E:::ETWQE RTB163-35 | Vour 3430 | 3500 | 3sm0| v

RTB163-50 Vi =TV 4900 | 5.000| 5100
P T e
' ' RTB163-50 Wi = 7V ~ 15V - 0.1 0.4
Load Regulation  [Mote 1) AW, oap |k = 0~ 500mA - 02 0.z e
Dropout Violtage  (Mote 2 Voror | &Vour=1% - 13 4 )
Current Limit IH"' Load = 10 Eilii] - - m&
Cuiescent Current Iz - 45 8 m&
Temperature Coefficient Tg - D.005 - =G
Temperaturs Stability Tz - 05 - g
RMS Output Moise  (Mote 3) - D.0:0c3 - gyt

Mote 1. Low duty cycle pulss tesied with Kaivin conneciions.
Mote 2. The drooout l'ﬂ"l\]m Iz defned 35 Ve -Vour, Which 5 measured when Vot 'U':._l'.m'_um,:\_: - 100my.

Wobe 3. BEandwidih of 10 Hz 10 10 kHz.

Hote 4. Bus [5 measured In the natural convectlon al Ta = 25°C on a low effective thermal conducilvily test board of
JEDEC 51-3 theymal measurement standard. The case point of . k5 on the center of the exposed pad.
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A @ K STC9014N
Semiconductor

NFN Silicon Transistor

Description
s General purposs application
# Switching application
Features
¢ Excellent hre linsarity 1 hee{Ic=0.1 mA) [ hee{lc=2 mA) = 0.95(Typ.)

s Complementary pair with STAS015N
Ordering Information
Type NO. Marking Package Code
STCSO14M STCS014 TO-92ZN

Outline Dimensions unif : mm
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PIN Connections
1. Emitter

2. Base

3. Collector

115



STC9014N

Absolute Maximum Ratings (Ta=15°C)
Characteriztic Symbal Rating Unit
Collector-base voltage Weno &0 v
Collector-emitter voltage Ve 30 )
Emitter-base voltage Vean 3 v
Collector current Iz 150 mA
Collector power dissipation P 500 i
Junction temperature Ti 150 oC
Storage temperature range Taig -33~130 =
Electrical Characteristics (Ta=15°C)
Characteriztic Svmbol Tezt Condition Min, | Typ. | Max. | Uit
Collector-emitter breakdown voltage | BVeo | le=1mA, Is=0 50 v
Collector cut-off current Topes V=00V, 1.=0 50 ik
Emitter cut-off current Tenc Ver=3V, Ie=0 100 il
DC current gain hye | Ver=35V, Ie=1mA 100 1000
Collector-emitter saturation voltage | Vi |lo=100mA, L=10mA o1 | ozs | v
Base-emitter voltage Vi V=5V, Le=1m 065 | 0.85 v
Transition freguency fr Vier=10V, Ie=10m# 200 fHz
Collector output capacitance Co |Va=10V, 1=0, f=1MHz 2 pF

* by rank /B 0 100~ 304, C: 200 ~ 600, D < 400 - 1000,
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MICROPROCESSOR CRYSTAL UNITS

RALTROI1]

#® FEATURES SERIES A, B, C
# EXCELLENT CLOCK SIGMAL GENERATOR FOR CPU's HCA49U, HC-54/U, AND UM-1
o WIDE FREQUENCY RANGE

# [NDUSTRY STANDARD PACKAGES
® SPECIFICATIONS

FREQUENDY RANGE 0,00 KHz TO 30000 MHz
A HO-E3U 100 MHZ TO 30000 MHE ' @
HOLDER TYRES FHOSIU 10,00 5iH T 400 Mz
£ LB B0 Wz T 30000 M
FREQIUENCY TOLERANCE AT 250 ,ﬁ;“ﬁﬁ.
FREQUENCY STAEILITY DVER TEMPERATURE =ﬁ m m

OPERATING TEMPERATURE RANGE

=20 "C TO-+TD "G ETANDARD

~40° ¢ TO+B2 "0 EXTENDED

ETORAGE TEMPERATURE RANGE

EECTO+12E"C

AGING 5 PP PER YEAR MAXRAA
LOWD CAPRCITANCE 10T 32 pF DR EERES
T CARACITANCE 7 EF MAIMUM
ECUTALENT SERIES RESISTANCE 550 SEE PAGE 11
DRIVE LEVEL n :_:""mm
e i R <= PPA MAKIMILE 75 o ORGP TEST I 3 AXES ONTO A HARD

SLEEACE OR 1000 o's & 0.5 e ¥ W SINEWANE [N 3 AXES

® FREQUENCY RANGE AND MODE OF OSCILLATION BY HOLDER TYPE

FUNDAMENTAL THIRD OWERTONE FIFTH OVERTOME EEVENTH OVERTONE HINTH OVERTONE
HOLDERTYPE = i a P
7 ECT) (20T {7 15T
TYPE A HC~23U 10OWM-ETO RSO GHZ | 20)00 WMHZ TO 5000 MHz | 5000 MHz TO 13000 MHz | 12500 &Hz TO 200 00 MH | 13000 MHE TO 300000 Wz

TY¥PE B: HC-51U $00U00 KHE TO 4000 MHr

TYFEC: U1 500 WHE TO S D0 AMHZ

ZE/00 WHT TO 50.00 MHz

B0.00 MHE TO 120.00 MHz

125.00 MHz T 20000 MHz | 12000 MHE TO 300,00 MHE

® PARTNUMBERING SYSTEM

TR EXTEMDED
HOLDER TYFE FREOLEMCY LOAD CAPACITAMNOE HOOE okl
FUND | FLNDWMENTAL
HE-480 || 207 | ™HRDocvERTONE
B HEE1L M 1""“?{5%&"?‘& a7 FIFTH OVERTOME EXT
c U+ TOT | SENENTH OVERTORE
20T | NINTHCVERTOME
MECHANICAL OFTIONS TAPE ASD REEL
THIRD LEAD g
THREE FIN BA3E ROy seacer | | suRE i
FH I 3P a
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Website: wenw gexinbucom
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M-80 HOLUX

PS5 Module senes THE PR AN B 0P

1. Introduction

1.1 Cemeral mmtreductions

M-89 15 an ulra mumizhoe 25,4 * 254 * 3 mm GPS enmine board designed by low
power consumpton MTE GPS soluton It provides supenor sensifivity up to
-139dBm and fast Tmme-To-Fust-Frx m navizahon apphcanon The stable
performance of M-89 15 vour best chowee to be embedded m your portable device
design. hke FDA ~ PND - mobile phone - Theital Camera for GPS serice.

1.2 Kev Features \/
- small form factor: 25.4 * 25.4 * 3 mm ,\\

FoHS WEEE compliant

High sensitraty - 1589dBm

Searching up to 32 Channel of satelhies %
Fast Posiion Fix < )

Low power consumption \

RTCM m ready.

For Car Mavigation,
Location-Based Servicag, Auio Pilot, Personal Mavigation or touring
devices, Tracki vices/ayatems and Mapping devices application

Smart phone, UMPC, PND, MP

119



M-89
(PS Module senes

HOLUX

2 Technical Description
2.1 Block Thagram

AMTEMNA
L& H SaW
EXTERMAL
LM&
Loo

MT33L8 TC

maPin Definition

3%

it
-

Pin| Pin Name

Function description

Groamnd

NC

Senial Data nput A

Serial Data Output A

Senal Data Output B

"v) 3.3 ~ 5V supply input
G
|
|
o
o
|

i

2 ND
Do

F

5 TXDA

i TXDB

T

B

g

THE P Ao B EE
I

RXDE Seral Data mput B
GPIOW 1 General purposs |10 flash at 1Hz when position s fized.
INTT D |General purpose 110
10 GND G |Ground
1 GND G | Ground
12 GND G | Ground
TOLUN | ECEnology, IBe.
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M50

G’PS- .“-Im Sergs THE PO B ahir & GFE

13 GND G |Ground

14 GND G |Ground

15 GND G |Ground

16 GND G |Ground

17 RF_IN 1 GPS signal inpast

18 GND | |Ground

18 V_ANT_IN 1 Antenna power supply input, 2

20| VCC_RF_O 3 |Antenna power supply, 2.8V

21| V. BAT | |RTC and backup SRAM power, 28 ~ 3.6 VDC

22 HRST | Reset, active low

23|  GPIOM VD |General purpose 1O N

24| GPIO2 VD |General purpose 1D Ny,

25| GPIO3 0 |Eeneral purpose 11O \

26| GPIO4 D |General purpose 1O -

27| GPIOS D |General purpose 1O ‘(

28| GPIOE VD |General purpose 10 & N N

2|  PPs o |1 PPS outut syn \%w?t— GPS time. TIME_MARK 1
PPS output, Tus/

| GND G [Ground W

1. 5pecification

Y’

Ceneral

o —

PS5 technolpey

GPS chipsat

-

P1€Qﬁﬂ.1i?i.4&ﬂi§
é-‘.-x |1 023MHZ chip rate

32 channels all mn view searchmg

k_ ﬂmiﬁul}

Batter than -15%dBm

"l ccuracy

Position

Without a2d:3.0 M 2D-EMS
DGPSOWAAS, EGHNOS, M3AS RETCM):2.5 M

Velocity

Without aad-0.1 M isec

Time

0.1 muerosecond. Syne GPS fiume

Datum

Dratum

WS4 Defanlt) total 219 datiom’ s

Time to First Fix

{(Follow MTE chip specificaton)

Hot start

1 sec average

HOCTN Tectmology, I
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M-89 HoLUX
G’PS }'.L:H'.'.'IJ_E eres THE FED HAME B OFE
Warmn start| 33 sec average
Cold start| 36 zac average
Beacqmsition| < 1sac
Protocol
NMEAQLBIGR3. 1) GGA GLL G5A GV EMC VIG
GES Onatput Data| Support Baud rate 4800096000, /3T600 bps (defanlt 48007,
Diata bat:8 Stop bat:1
Update Fata|l Hz(defanlt) “
Protocol Support| MBEA-0183

IPPS

Enable{]lHz pulse 10%% duty cvele)

Limitations -
Acceleration Limit | <4G N
Alntade Livoet <. 12000 meters ‘e
Velocity Limt <515 Misee N
Jerk Lumat 20 Misec®
Power

Crperation Cwrent| Acquisihon:635 mﬂi}&i

Crperation Curent| Tracking: <7 35m

VCC 3.0-
DC Input Fanpe

‘uli‘?"‘!‘ﬂ

Processing Core

\J

Processor Type

S

Processor Spm-:&'

4% MH=

Integra?a—ng‘bw
Flash

4 MH=

CMOS5 28V Level

-
Te:

GPE“IE.TJlg Temparature

40T to+85%.

Storage Temperzhoe

40% to+125%.

Crperating Humadity

3% to 93 No condensing

Phy=ical
Dimmension 204 * 254 * 3 mm.
Weight|3g.
HOCUN Tectmology, 1.
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THE PRI AT BN I FS
I

4 User Interface

W-8% provaides 2-wre digial TTART port for commumication of GPS posihon data
usmg NMEA protocol or MTE extension protocol. UART port 15 capable of 4800 to

115200 baud rate.

4.1 Protocol

M-89 15 default to suppert standard NMEA-0183 protocol. In addition, a smwe

MTE extensions (PRTE messages) have been developed that can be use
extended capabilifies commmon to many apphcations. \\

41.1 NAIEA Protocol

NMEA RECORD

M-89 1= capable of supporting followme MAMEA fa%
\Q’ciﬂn

GGA

P5 fix data

GLL

Ceozraphic

Q ENESS DHOP and active satellite

G5A
G@ GINES Satellite: in view

Fecommended mimmum specific G55 data

Course Over Ground and Ground Speed

Time&Data
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M-89
GPS Module senes

HOLUX

THE PR KA B 0P

4.1.2 MTE NAMEA Packet Format

Preamble | TalkerIDd

PlaTvpe

Diatafield

CHK1l | CHK: | CR | LF

Maztimum packet length 15 restmcted to 233 brvtes

Field Lenszth Tape I}
Prearnble | bvie Character
TalkerID 4 bvte Character strng
PhtTvpe ibvte Character simmg & decoder how to
the packet
% mst be inserted ahead
DataFisld Vanable data filed to help the decoder
process the Data Field
The star symbol 1= used to mark
¥ 1 byte _
the end of Data Field
CHEIl 2 bvte e sirin. checksum of the data between
CHK? - T Preamble %, and 37
sed to identify the end of
CR.IF 2 Binaydatn | oy meendena
packet
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