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ABSTRACT

Nowadays, there are lots of technologies growing in this world. Technologies
such as Global Positioning System ( GPS ), Global System for Mobile
communications (GSM) and Multimedia card ( MMC ) can make our lives more
comfortable. The Smart Vehicle Data Logger can track speed and location of the
vehicle travel using Global Positioning System (GPS) and store the information into
Multimedia Card. User is allowed to trace the location of the vehicle by SMS the
Data Logger. The system will send back the location of the vehicle through GSM
module. The controller for this prototype design is microcontroller system using PIC
18F452 and programmed using PIC C Compiler ( C Programming ) software. So,
with these technologies, we can create an excellent way for fleet owners and

managers to monitor their cars, trucks, or vehicles efficiently.



vi

ABSTRAK

Pada masa kini, pelbagai teknologi telah berkembang di dunia ini. Teknologi
seperti  “Global Positioning System ( GPS ), Global System for Mobile
communications (GSM) dan Multimedia card ( MMC )” membuatkan hidup kita
lebih selesa. “Smart Vehicle Data Logger” ini boleh mengesan kelajuan dan lokasi
kenderaan dan menyimpan data tersebut ke dalam “Multimedia kad”. Pengguna juga
boleh mengesan lokasi kenderaan dengan menerusi perkhidmatan “SMS”. Sistem
alat tersebut akan membalas kembali lokasi alat tersebut menerusi “GSM” sistem.
Sistem pengawal untuk prototaip ini adalah mikro pengawal PIC18F452 dan ia
diprogramkan menggunakan C program. Oleh itu, dengan adanya teknologi-
teknologi ini, pengguna kenderaaan lebih mudah mengawal system kenderaan

mereka.
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CHAPTER 1

INTRODUCTION

1.1  Project Overview

Nowadays, there are lots of technologies growing in this world. Technologies
such as Global Positioning System (GPS), Global System for Mobile
communications (GSM) and Multimedia card (MMC) make our lives more

comfortable.

Global Positioning System (GPS): A typical GPS receiver calculates its
position using the signals from four or more GPS satellites. Four satellites are needed
since the process needs a very accurate local time, more accurate than any normal
clock can provide, so the receiver internally solves for time as well as position. In
other words, the receiver uses four measurements to solve for 4 variables - x, vy, z,
and t. These values are then turned into more user-friendly forms, such as

latitude/longitude or location on a map, then displayed to the user.

Global System for Mobile communications (GSM) is the most popular
standard for mobile phones in the world. GSM is used by over 2 billion people across
more than 212 countries and territories. Its ubiquity makes international roaming
very common between mobile phone operators, enabling subscribers to use their

phones in many parts of the world.



The MultiMediaCard (MMC) is a flash memory card standard. MMC is
used as storage media for a portable device, in a form that can easily be removed for
access by a PC. For example, a digital camera would use an MMC for storing image
files. With an MMC reader (typically a small box that connects via USB or some
other serial connection, although some can be found integrated into the computer
itself), a user could copy the pictures taken with the digital camera off to his or her
computer. MMCs are currently available in sizes up to and including 4 GB with

8 GB models announced but not yet available.

As we all know, there are lots of car that produced by local company, but,
customer cannot detect the vehicle’s location. Customers also cannot log the history
of the vehicle travel. So, a product had been design which uses all these technologies

in order to make costumer more comfortable with the car.

1.2 Problem statement

As we all know, there are lots of vehicles that produced by local company.
But, there are something not available yet:

1. Owners cannot trace their vehicle’s location.

2. Owners also cannot log the history of the vehicle travel.

In order to these problem, a vehicle data logger will be design which can log

the history of the vehicle travel and trace the vehicle’s location.

1.3 Project Objective

The main objective of this project is to design a data logger that has ability to
log data of a vehicle. There are three others objectives to be achieved beside the main

objective stated above. The three objectives are discussed in the following paragraph.



First of all, design a controller that can read the data from GPS receiver and
analysis the data till get the certain protocol only. The protocol that had been
analyzed will show the time , longitude, latitude, date and speed of the receiver. To

show all the data is valid or not, the four characteristics will be display to user.

The second objective is to store all the data that had been analyzed into a
suitable storage. The storage must be large capacity because the data from GPS

always receive at every second.

Last but not lease, to make the system is more friendly user , there will be a
controller that can make two way communication between user and the system. With
this system, user can track the vehicle either send a SMS or make a phone call to the

system.

1.4 Project Scope

Few scopes and guidelines are listed to ensure the project is conducted within
its intended boundary. This is to ensure the project is heading to the right direction to

achieve its intended objectives.

The first scope is to design a controller that can control all the works in the
system. The controller can read the GPS data, store the data into a storage card,
display it at LCD and do transmit / receive to GSM module. In the other hand, the

controller is the brain of the system.

Second scope of this project is to analysis the data from GPS receiver which
can get the time , longitude, latitude, date and speed of the receiver. The data will be
display at LCD Display.



The third scope is to store the data from GPS receiver into a Multimedia
Card. All the time , longitude, latitude, date and speed of the GPS receiver will be

store into MMC card through the microcontroller.

The last scope of this project is to trace the location of the vehicle using
Global System for Mobile communications (GSM) (two way communication between
user and GSM Module) and Global Positioning System (GPS).

15 Thesis Overview

This thesis consist of seven chapters. The first chapter will give an overview

of the project as well as the objective of the project.

Chapter 2 covers the literature review or discuss about the research of the
data logger current project and the component that will be used for this project. From
this chapter, we can know all the protocol and characteristic of GPS Receiver, GPS

Modem and MMC Configuration system.

Chapter 3 covers the electronic overview of the project. It describes the
various modules developed, basic operation of each module. All five module are

describe briefly in this chapter.

The elaboration of the software development will be discuss in Chapter 4. All

the software used for this project will be describe briefly in this chapter.

The system implementation of the project will be discuss on Chapter 5. In
this chapter, the software and hardware combination will be explained briefly. The
hardware will be elaborates from the circuits and the programming of each modules

will be discussed by using flow charts.



Chapter 6 explains the testing and result of each module. The result system

effectiveness is also discussed.

Chapter 7 summarized the project outcome. A few suggestions are proposed

to enhance the current design.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, we will discuss about the research of the data logger current
project and the component that will be used for this project. From this literature

review, we can get the idea of the function and description of the modules such as

GPS module, GSM module and Multimedia card system.

This chapter is divided by two sections. One section is for current project and

the another section is about the research of module use in this project. The sub

section are listed as below :

I. Current Project

Shadow Tracker® Expert
CarChip Pro Automotive Data Logger

ii. Module research.

PIC18F452 Microchip Controller

Global Positioning System ( GPS)

SanDisk MultiMediaCard and Reduced-Size MultiMediaCard
LCD module

GSM Module



2.2 Review of current project

In this project, a research had been done about the system that already exist
that related in my project. There are two kind of product that had been create in

order to log the data of the vehicle. There are :

i. Shadow Tracker® Expert
ii. CarChip Pro Automotive Data Logger

2.2.1 Shadow Tracker® Expert

The Shadow Tracker® Expert serves as protection for your company against
employee time sheet fraud and unauthorized use of your vehicles. Using the latest
Shadow Tracker® mapping software, the Shadow Tracker® Expert displays actual

routes driven, number of stops, and amount of time spent at each site. [1]

Figure 2.1 : Shadow Tracker® Expert

Features and Benefits :
i.  USB connector with 921kbs download rate
i.  The 1MB of memory can store approximately 1851.9 hours of drive time*
iii.  GPS antenna sensing and Ignition on/off sensing for detection of tampering
iv.  Battery backup power off sensing
v.  Down to 2 mph speed recording for slow moving tracking
vi.  Optional rechargeable internal Lithium-lon battery provides approximately
25 hours of tracking without main power

vii.  Actively manage field personnel



vii.  Know where your mobile workforce is every day
ix.  Preventincidents of employee time sheet fraud
x.  Cut mobile fleet costs
xi.  Head off customer service complaints

* Based on a 120 second collection rate of actual drive time

According to this product, it do not have two way communication using GSM.

So, owner cannot trace the car on time.

2.2.2 CarChip Pro Automotive Data Logger

The Car Chip Pro Logger is capable of recording and logging driving, trip
and engine performance data. By attaching the CarChip to your vehicle's On-board
diagnostics (OBDII) port you get a detailed look at how the vehicle is driven, trip

details, emissions status and engine diagnostic codes.[2]

Figure 2.2 : CarChip Pro Automotive Data Logger

CarChip Pro Logger Features :
i.  Record up to 300 Hours of Trip Details
ii.  Trip Details includes: Date/Time, Distance Traveled and Speed
iii.  Provides Individual Graphs and Summary Reports
iv.  Records Extreme Acceleration and Braking
v.  Calculate Gas Mileage
vi.  Includes Software and USB Cable



CarChip Pro Logger Specifications :

Table 2.1 : Carchip pro logger specification

Operating
Range

Temperature

-40°F to 185°F (-40°C to 85°C)

Primary Power
(Connected to Vehicle)

9to 16 VDC, 80 mA with Vehicle Running, 17mA
with Vehicle's Power Off

Primary Power
(Connected to Computer)

USB Powered

Backup Power

Internal Battery, Minimum of 5 Years Total, with
Data Logger not Powered by Vehicle or Computer;
10-15 Year Life in Normal Use

\Memory

I512KB

Data Storage Capacity

300 Hours Maximum (Dependant on Interval and
Environment)

\Vehicle Interface

HlG-pin OBDII Connector

Alarm

Adjustable, Audible Alarm for Exceeding Speed,
Acceleration, and Deceleration Limits

Supported OBDII Protocols

J1859-41.6, J1850-10.4, 1SO9141, KWP2000 (ISO
14230), CAN (Control Area Network 1SO 11898)

Vehicle - Speed  Samplingl, 5 1 30 or 60 Seconds

Interval T

IDimensions 14.3" x 3.9 " x 0.78 " (109mm x 99mm x 20mm)
\Weight HGoz. (1699)

According to this product, it cannot log the location of vehicle. It just can log

the speed and the performance of engine of the vehicle. Otherwise, the data storage

capacity is too small. Only 300 hours storage.

2.3

List of research :

[ ]
e Global Positionin

Research of project module

PIC18F452 Microchip Controller

g System ( GPS)

SanDisk MultiMediaCard and Reduced-Size MultiMediaCard
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e LCD module
e GSM Module

2.3.1 PIC18F452 Microchip Controller

This powerful 10 MIPS (100 nanosecond instruction execution) yet easy-to-
program (only 77 single word instructions) CMOS FLASH-based 8-bit
microcontroller packs Microchip’s powerful PIC® architecture into an 40- or 44-pin
package and is upwards compatible with the PIC16C5X, PIC12CXXX, PIC16CXX
and PIC17CXX devices and thus providing a seamless migration path of software
code to higher levels of hardware integration. The PIC18F452 features a ‘C’
compiler friendly development environment, 256 bytes of EEPROM, Self-
programming, an ICD, 2 capture/compare/PWM functions, 8 channels of 10-bit
Analog-to-Digital (A/D) converter, the synchronous serial port can be configured as
either 3-wire Serial Peripheral Interface (SPI™) or the 2-wire Inter-Integrated Circuit
(I2C™) bus and Addressable Universal Asynchronous Receiver Transmitter
(AUSART). All of these features make it ideal for manufacturing equipment,
instrumentation and monitoring, data acquisition, power conditioning, environmental

monitoring, telecom and consumer audio/video applications.[3]

Program Mernary Type Flash
Program Mermary Size (kKhvtes) a2
FLAM 1,636
Diata EEPROM (hytes) 256
110} a4

Figure 2.3 : PIC18F452 Feature

2.3.2 Global Positioning System ( GPS)

The GPS Receiver Module provides standard, raw NMEAO0183 (National

Marine Electronics Association) strings or specific user-requested data via the serial
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command interface, tracking of up to 12 satellites, and WAAS/EGNOS (Wide Area
Augmentation System/European Geostationary Navigation Overlay Service)

functionality for more accurate positioning results.

The Module provides current time, date, latitude, longitude, altitude, speed,
and travel direction/heading, among other data, and can be used in a wide variety of
hobbyist and commercial applications, including navigation, tracking systems,

mapping, fleet management, auto-pilot, and robotics. [4]

23.2.1 GPS Technology Brief

GPS (Global Positioning System) is a worldwide radio-navigation system
formed by a constellation of 24 satellites and their ground stations. With an
unobstructed, clear view of the sky, GPS works anywhere in the world, 24 hours a

day, seven days a week.

The Global Positioning System consists of three interacting components:

1) The Space Segment -- satellites orbiting the earth.

2) The Control Segment -- the control and monitoring stations run by the United
States Department of Defense (not discussed in this documentation).

3) The User Segment -- the GPS signal receivers owned by civilians and military.

The space segment consists of a constellation of 24 active satellites (and one
or more in-orbit spares) orbiting the earth every 12 hours. Four satellites are located
in each of six orbits and will be visible from any location on each 95 percent of the
time. The orbits are distributed evenly around the earth, and are inclined 55 degrees

from the equator. The satellites orbit at an altitude of about 11,000 nautical miles.

Each satellite transmits two signals: L1 (1575.42 MHz) and L2 (1227.60
MHz). The L1 signal is modulated with two pseudo-random noise signals - the

protected (P) code, and the course/acquisition (C/A) code. The L2 signal only carries
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the P code. Civilian navigation receivers only use the C/A code on the L1 frequency.
Each signal from each satellite contains a repeating message, indicating the position
and orbital parameters of itself and the other satellites (almanac), a bill of health for

the satellites (health bit), and the precise atomic time.

The receiver measures the time required for the signal to travel from the
satellite to the receiver, by knowing the time that the signal left the satellite, and
observing the time it receives the signal, based on its internal clock. If the receiver
had a perfect clock, exactly in sync with those on the satellites, three measurements,
from three satellites, would be sufficient to determine position in three dimensions
via triangulation. However, that is not the case, so a fourth satellite is needed to
resolve the receiver clock error. With four satellites, a GPS receiver can provide very
accurate clock (time, date) and position information (latitude, longitude, altitude,

speed, travel direction/heading).

Note that position data and accuracy are affected or degraded by the satellite
geometry, electromagnetic interference, and multipath, an unpredictable set of
reflections and/or direct waves each with its own degree of attenuation and delay.
Primarily due to satellite geometry, measuring altitude using GPS may introduce an
accuracy error of 1.5 times the receiver’s position accuracy (in the case of our GPS

Receiver Module, this corresponds to about +/-20 meters in the vertical direction).

GPS signals work in the microwave radio band. They can pass through glass,
but are absorbed by water molecules (wood, heavy foliage) and reflect off concrete,
steel, and rock. This means that GPS units have trouble operating in rain forests,
urban jungles, deep canyons, inside automobiles and boats, and in heavy snowfall -
among other things. These environmental obstacles degrade positional accuracy or
make it impossible to get a fix on your location.

Most GPS receivers output a stream of data so that it can be used and
interpreted by other devices. The most common format (and used by our GPS
Receiver Module in “Raw Mode”) is NMEAOQ183 (National Marine Electronics
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Association, http://www.nmea.org/), developed for data communications between
marine instruments. Some receivers also have proprietary data formats which are
used (in the case of navigation receivers) to transfer waypoint lists, track logs, and
other data between the GPS and a computer. Such proprietary formats are not
covered by the NMEA standard.

The NMEAO183 is provided as a series of comma-delimited ASCII strings,
each preceded with an identifying header. The data is transmitted as a 4800bps string
of 8-bit ASCII characters. Thus, any microcontroller with a serial port can extract
data from a GPS module. But, modules do not produce "plain text" location

information. Instead, they create standardized "sentences," such as:

$GPGGA,170834,4124.8963,N,08151.6838,W,1,05,1.5,280.2,M,-34.0,M,,,*75
$GPGSA A 3,19,28,14,18,27,22,31,39,,,,,1.7,1.0,1.3*34
$GPGSV,3,2,11,14,25,170,00,16,57,208,39,18,67,296,40,19,40,246,00* 74
$GPRMC,220516,A,5133.82,N,00042.24,W,173.8,231.8,130694,004.2, W*70

Programmers can parse these strings to obtain their desired information,

including time, date, latitude, longitude, speed, and altitude.

There are three standard notations for displaying longitude and latitude data:

* GPS Coordinates (degrees, minutes, and fractional minutes), ex: 36 degrees,
35.9159 minutes

» DDMMSS (degrees, minutes, seconds), ex: 36 degrees, 35 minutes, 55.3
seconds

» Decimal Degrees, ex: 36.5986 degrees

In “Smart Mode,” the Parallax GPS Receiver Module transmits latitude and
longitude data to the user in GPS Coordinate format (degrees, minutes, and fractional
minutes, see the “Communication Protocol” section for more details). Conversion to
the two other notations, DDMMSS (degrees, minutes, second) and Decimal Degrees,

is trivial and demonstrated in the example code below.
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To graphically display your GPS position using Google Maps (in map,
satellite, or hybrid view), simply go to http://maps.google.com/ and enter in your
decimal coordinates in the "Search" field (for example, "36.5986, -118.0599" without
the quotes).

To graphically display a track or series of waypoints, GPS Visualizer
(http://www.gpsvisualizer.com/) is a free, easy-to-use online utility that creates maps
and profiles from GPS data. GPS Visualizer can read data files from many different
sources, including raw NMEA strings (such as those captured directly from the
Parallax GPS Receiver Module in “Raw Mode”) or tab-delimited or comma-

separated text of relevant GPS data.

2.3.2.2 GPS Electronic Connections

@ I] HWLE 10 —
ﬁg (o
Bvec o) 9
Serial VO e |] §§
= | )
Vas %_"
@ — @

Figure 2.4 : GPS Module

Table 2.2 : GPS Electronic Description

Pin Pin Type Function
Name
1 GND G System ground. Connect to power supply’s
ground (GND) terminal.
2 VCC P System power, +5V DC input.
3 SIO 1/0 Serial communication (commands sent TO

the Module and data received FROM the
Module). Asynchronous, TTL-level
interface, 4800bps, 8 data bits, no parity, 1
stop bit, non-inverted.
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4 IRAW I Mode select pin. Active LOW digital
input. Internally pulled HIGH by default.
When the /RAW pin is unconnected, the
default “Smart Mode” is enabled, wherein
commands for specific GPS data can be
requested and the results will be returned
(see the “Command Structure” section for
more details). When /RAW is pulled
LOW, the Module will enter “Raw Mode”
and will transmit standard strings, allowing
advanced users to use the raw GPS data
directly.

2.3.2.3 GPS Status Indicators

The GPS Receiver Module contains a single red LED (light-emitting diode) to
denote system status. The LED is located in the lower-right corner of the Module. A
white overlay on the Module’s printed circuit board is used to reflect the light from
the LED, making it easier for the user to see. The LED denotes two states of the
Module:

1) Blinking (both fast and slow): Searching for satellites or no satellite fix
acquired

2) Solid: Satellites successfully acquired (a minimum of three satellites is
required before the Module will begin to transmit valid GPS data)

Upon power up of the GPS Receiver Module in a new location, the Module may
take up to five minutes or more to acquire a fix on the necessary minimum number of
four satellites. During this time, the red LED on the Module will blink. When enough
satellites are acquired for the Module to function properly, the red LED will remain
solid red. Due to a variety of conditions, the number of satellites may vary at any
given time. If the LED is OFF, there may be a problem. Please check your wiring
and configuration of the Module.
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2.3.2.4 GPS Mode Selection

The /RAW pin allows user selection of the GPS Receiver Module’s two

operating modes:

» Smart Mode: When the /RAW pin is pulled HIGH or simply left unconnected
(the pin is internally pulled HIGH), the default “Smart Mode” is enabled,
wherein commands for specific GPS data can be requested and the results

will be returned. See the “Communication Protocol” section for more details.

* Raw Mode: When the /RAW pin is pulled LOW, “Raw Mode” is enabled in
which the Module will transmit standard NMEAOQ0183 v2.2 strings (GGA,
GSV, GSA, and RMC), allowing advanced users to use the raw GPS data
directly. For more information on NMEAO0183 data, see the “GPS

Technology Brief” section.

In either mode, data is transmitted at 4800bps, 8 data bits, no parity, 1 stop bit,
non-inverted, TTL-level.

2.3.25 GPS Electrical Characteristics

Absolute Maximum Ratings

Table 2.3 : GPS Electrical Characteristic

Condition Value
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +100°C
Supply Voltage (VCC) +4.5V to +5.5V
Ground Voltage (VSS) ov
Voltage on any pin with respect to | -0.6V to +(Vcc+0.6)V
\%

SS
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2.3.3 SanDisk MultiMediaCard and Reduced-Size MultiMediaCard

2.3.3.1 Introduction

The SanDisk MultiMediaCard and Reduced-Size MultiMediaCard (RS-
MMC) are very small, removable flash storage devices, designed specifically for
storage applications that put a premium on small form factor, low power and low
cost. Flash is the ideal storage medium for portable, battery-powered devices. It
features low power consumption and is non-volatile, requiring no power to maintain
the stored data. It also has a wide operating range for temperature, shock and

vibration.

The MultiMediaCard and RS-MultiMediaCard are well suited to meet the
needs of small, low power, electronic devices. With form factors of 32 mm x 24 mm
and 1.4 mm thick for the MultiMediaCard and 18 mm x 24 mm x1.4 mm for the RS-
MultiMediaCard, these cards can be used in a wide variety of portable devices like

mobile phones, and voicerecorders.

To support this wide range of applications, the MultiMediaCard Protocol, a
simple sevenpinserial interface, is designed for maximum scalability and
configurability. All device andinterface configuration data (such as maximum

frequency, card identification, etc.) are stored on the card.

The SanDisk MultiMediaCard/RS-MultiMediaCard interface allows for easy
integration into any design, regardless of microprocessor used. For compatibility
with existing controllers, the card offers, in addition to the card interface, an alternate
communication protocol, which is based on the Serial Peripheral Interface (SPI)

standard.

The MultiMediaCard/RS-MultiMediaCard provides up to 256 million bytes
of memory using SanDisk Flash memory chips, which were designed by SanDisk

especially for use in mass storage applications. In addition to the mass storage
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specific flash memory chip, the MultiMediaCard/RS-MultiMediaCard includes an
on-card intelligent controller which manages interface protocols and data storage and
retrieval, as well as Error Correction Code (ECC) algorithms, defect handling and

diagnostics, power management and clock control.

_ < Data InfOut >
Sanlisk SanDisk

»  Single Chip
Controller Control > Flash Cards

MMCISPI Bus
Interface
-«

SanDisk MultiMediaCard/RSMultiMediaCard

Figure 2.5 : Multimedia Card Block Diagram

2.3.3.2 MMC Features

The SanDisk MultiMediaCard/RS-MultiMediaCard features include:
i.  MultiMediaCard Protocol compatible
ii.  SPI Mode supported
iii.  Targeted for portable and stationary applications
iv.  Voltage range
a. Basic communication: 2.7 t0 3.6 V
b. Memory access: 2.7 to 3.6 V
v.  Maximum data rate with up to 10 cards
vi.  Correction of memory field errors
vii.  Variable clock rate 0 - 20 Mhz

viii.  Multiple cards stackable on a single physical bus
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2.3.3.3 MMC Functional Description

The MultiMediaCard and RS-MultiMediaCard contain a high level,
intelligent subsystem as shown by the block diagram in Figure 1-1. This intelligent
(microprocessor) subsystem provides many capabilities not found in other types of

memory cards. These capabilities include:

* Host independence from details of erasing and programming flash memory

» Sophisticated system for managing defects (analogous to systems found in
magnetic

disk drives)

* Sophisticated system for error recovery including a powerful error correction code

» Power management for low power operation

2.3.34 Flash-Independent Technology

The 512-byte sector size of the MultiMediaCard and RS-MultiMediaCard is
the same as that in an IDE magnetic disk drive. To write or read a sector (or multiple
sectors), the host computer software simply issues a read or write command to the
card. This command contains the address. The host software then waits for the
command to complete. The host software does not get involved in the details of how
the flash memory is erased, programmed or read. This is extremely important as flash
devices are expected to get more and more complex in the future. Because the
MultiMediaCard and RS-MultiMediaCard uses an intelligent on-board controller, the
host system software will not require changing as new flash memory evolves. In
other words, systems that support the SanDisk MultiMediaCard/RS-MultiMediaCard
today will be able to access future cards built with new flash technology without

having to update or change host software.
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2.3.4 LCD module

Liquid crystal display ( LCD ) is another common output device. There are
various type and model of LCD available in market. The type of JHD 162A LCD
will be used in this project. The role of LCD here will display the user information

such as username, time and date.

Some features of LCD are:
e 16 character x 2 row
e 7x5dots
e Reflective with EL and LED backlight
e LED/4.2VDC

LCD is divided into two register bits which are Control Register and Data
Register. The Control Register is used to control the operation of LCD while the data

register is used to display the character. The figure 2.6 show the LCD display device.

WELCOPME HOME

JHD 162A 1£151413121110%87654321

R R 22 12Y

Figure 2.6 : LCD Display

2.3.5 GSM Module
235.1 Introduction
This part describes the hardware of TMAS GSM/GPRS Terminal. The

information is intended for users or developers who design and build wireless

cellular, M2M or other data telemetry applications. The scope of this part includes
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interface specifications, mechanical characteristics of TMAS GSM/GPRS Terminal
and power supply issues. TMAS GSM/GPRS Terminal is a compact GSM modem
terminal for the transfer of data, SMS and faxes in the GSM networks.
Cinterion/Siemens MC52i/MC55i/MC39i/TC35i GSM engine is embedded to
provide good quality and reliability of data transfer. Terminal design is also based
the industrial standard interfaces and an integrated SIM card reader to allow ease of

use to the users.[6]

Module benefit :

i. Low cost

ii. CE Certified, Reliable and Quality with approved GSM/GPRS
modules from Cinterion (a.k.a. Siemens)

iii.  Non Proprietary Accessories, i.e. standard power adapter and standard
modem cable

iv.  (You can have the option to purchase these standard accessories in
your country or from TCAM or from any cheaper source)

v.  Compact and nice stylish silver casing

vi.  Flexible mounting: Rail fixing or side mounting plates.

2.35.2 GSM Interface Description

TMAS GSM/GPRS Terminal provides the following connectors for power

supply, interfacing and antenna:

 2.1mm DC power connector (center/inner pin is positive)
* 9-pin (female) D-SUB plug for RS-232 serial interface

» SMA connector for antenna (radio interface)

* SIM card holder
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Radio Interface RS-232 Interface

-

kL

Status LED SIM card holder Power Connector

Figure 2.7: GSM Interface

2.3.5.3 GSM Operating Modes

The table below briefly summarizes the various operating modes of TMAS
GSM/GPRS Terminal.

Table 2.4: GSM Operating Mode

Mode Function
SLEEP Various power saving modes set by AT+CFUN command.

Software is active to minimum extent. If the Terminal was registered to the GSM
network in IDLE mode, it remains, in SLEEP mode, registered and pageable from
the BTS.

Power saving can be chosen at different levels. The NON-CYCLIC SLEEP mode
(AT+CFUN=0) disables the AT interface. The CYCLIC SLEEP mode AT+CFUN=5,
8, 7 and 8 alternatively activate and deactivate the AT interface to allow permanent
access to all AT commands.

GSM IDLE Software is active. Once registered to the GSM network, paging with BTS is carried
out. The Terminal is ready to send and receive.
GSM TALK Connection between two subscribers is in progress. Power consumption depends on

network coverage individual settings, such as DTX off/on, FR/EFR/HR, hopping
sequences, antenna.

GPRS IDLE Module is ready for GPRS data transfer, but no data is currently sent or received.
Power consumption depends on network settings and GPRS configuration (e.g. DRX
settings).

GPRS DATA GPRS data transfer in progress. Power consumption depends on network settings
(e.g. power control level), uplink / downlink data rates and GPRS configuration (e.g.
used multi-slot settings).
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2354 GSM RS-232 Interface

Via RS-232 interface, the host controller controls the TMAS GSM/GPRS
Terminal and transports data. The figure below shows the pin assignment of RS-232
(D-SUB 9-pin female).

Figure 2.8 : GSM RS232 interface

The table below illustrates pin assignment of 9-pole D-SUB (female) RS-232.

Table 2.5 : GSM Rs232 Pin Assignment

Pln no Signal name VO | Functlon

1 /DCD O | Data Carrier Detected
2 {RXD 0O | Receive Data

3 {TXD | Transmit Data

4 /DTR | Data Terminal Ready
5 GND - Ground

5 /DSR O | Data Set Ready

7 /RTS | Request To Send

8 /CTS O | Clear To Send

9 /Rl 0O | Ring Indication

* Pin TXxD @ application sends data to TxD of TMAS GSM/GPRS Terminal
* Pin RxD @ application receives data from RxD of TMAS GSM/GPRS Terminal
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The RS-232 interface is implemented as a serial asynchronous transmitter and
receiver conforming to ITU-T V.24 Interchange Circuits DCE. It is configured for 8
data bits, no parity and 1 stop bit, and can be operated at bit rates from 300bps to
115Kbps. Autobauding supports bit rates from 4.8Kbps to 115Kbps. Hardware
handshake using the /RTS and /CTS signals and XON/XOFF software flow control
are supported. In addition, the modem control signals /DTR, /DSR, /DCD and /RING
are available. The modem control signal RING (Ring Indication) can be used to
indicate to the cellular device application, that a call or Unsolicited Result Code
(URC) is received. There are different modes of operation, which can be set with AT

commands.

2.35.5 SIM Interface

The SIM interface is intended for 3V SIM cards in accordance with GSM
11.12 Phase 2. The card holder is a 5- wire interface according to GSM 11.11. A

sixth pin has been added to detect whether or not a SIM card is inserted.

Push the button here to
gject the SIM card holder

Figure 2.9 : SIM Interface



2.3.5.6 Mechanical Characteristics and Mounting Advice

The table below illustrates the mechanical characteristics:

Table 2.5: GSM Mechanical Charateristic

25

Weight 82g
Dimension Bemmx54mmx25mm
Temperature range -20°C to +66°C
Air humidity Maximum 80% relative humidity
Casing material Aluminum alloy
54
458

Figure 2.10 : GSM Schematic
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CHAPTER 3

ELECTRONIC OVERVIEW

3.1 Microcontroller Unit (MCU )

The microcontroller chip that has been selected for the purpose of controlling
the data logger is PIC18F452 manufactured by MicroChip . This chip is selected
based on several reasons:

I. It has internal FLASH and RAM and its memory capacity is large enough
for programming to control the data logger.

ii. Its size is small and equipped with 34 general-purpose 1/0 lines.

iii. It is portability and current consumption.

iv. It supports serial interfacing with the GPS module and GSM Module.

3.1.1 Key features of the microcontroller

The PIC18F452 features a 'C' compiler friendly development environment,
256 bytes of EEPROM, Self-programming, an ICD, 2 capture/compare/PWM
functions, 8 channels of 10-bit Analog-to-Digital (A/D) converter, the synchronous
serial port can be configured as either 3-wire Serial Peripheral Interface (SPI™) or

the2-wirelnter-
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Integrated Circuit (12C™) bus and Addressable Universal Asynchronous Receiver
Transmitter (AUSART).

Table 3.1 : Key features for PIC18F452

Features PIC18F242 PIC18F252 PIC18F442 PIC18F452
Operating Frequency DG - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K 18K 32K
Program Memory (Instructions) 81492 16384 8192 16384
Data Memory (Bytes) 768 1538 768 1538
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 18 18
110 Ports Ports A, B, C Ports 4, B, C Ports A, B,C, D, E | Ports A,B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 2 2
MSSF, MSSF, MSSP, MSSP,
Senal Communications Addressable Addressable Addressable Addressable
USART USART USAAT USART
Parallel Communications — — Psp psp
10-hit Analog-to-Digital Module Sinput channels | Sinputchannels | 8inputchannels | &input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
RESETS (and Delays) Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow | Stack Underflow
(PWRT, O5T) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Programmable Low Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Resst Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
. L 40-pin DIP 40-pin DIP
Packages Eif?'”s%ﬁ; 2 F'”S%FC 44pinPLCC | 44-pin PLCC
pin RN 44-pin TQFP 44-pin TQFP




3.1.2 MCU Block Diagram
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Figure 3.1 : PIC18F452 Block Diagram




3.1.3 MCU Pin Diagram

MCLRNVPP —= [
RAVAND == ]

RA1/AN] =—=[]
RA2/AN2/VREF- == []
RAYANIVAEF+ =[]
RAHTOCK! = [
RAS/AN4/SS/LVDIN =[]
REQ/RDVANS =—=[]
RE1/WR/ANE =—[]
REZTSANT =[]

VI — O

L) - p——

OSC1/CLKI — ]
OSCZCLKOVRAS =[]
RCOTIOSOTICK! =—=[]
RCHTIOSICCPZ® = =[]
RC2/CCP a—e[]
RCYSCK/SCL =—[]
RDO/PSPD = [

ADI/PSP1 == ]

[= =Rt B I I O e L )

= =
[=]

1
12
13

15
16
17
18

20

PIC18F442
PIC18F452

40
34
34
a7
36
35
34
3
32

30
29
28
27
26
25
24
23

21

[ =+—= RB7/PGD
[] =—= RB&PGC
] =—= RES/PGM
[ =—-= RB4

[] =—= RBICCPZ"
[] =—= RB2/NTZ
[ =—= REA/ANTA
[1 =—= REO/NTO
[ =—— VOD

] VES

[ =+—= ROT7/PSPT
[ =—= RDEPSPE
[] =—= RD&PSPS
[] =—= RD4/PSP4
[] =—= RCTRXDOT
[] == RCETXCK
[] == RCESDO
[ =— RCA/SDISDA
[] == RDIPSP3

] =——= ROZPSP2

Figure 3.2 :

PIC18F452 Pin Diagram
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3.1.3 Memory Organization

PC<20:0= |
CALL,RCALL, RETURN][ 21
RETFIE,RETLW [
Stack Level 1
Stack Level 31
BESET Vactor 00o0h
High Pricrity Trterrupt Vector [ ooosh
Low Priorty Interrupt Vector [0018h
Cn-Chip
Program Memaory g
iy
g
E ¢—
a2
=3
TFFFh |
aoooh |2
Read 0"
1FFFFFh
200000k

Figure 3.3 : PIC18F452 Memory Diagram

There are three memory blocks in Enhanced MCU devices. These memory

blocks are:

* Program Memory
» Data RAM

» Data EEPROM

Data and program memory use separate busses, which allows for concurrent

access of these blocks.
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3.2 Module Interface

For this project, the connection between microcontroller unit ( MCU ) and

modules are using three type of interface features in PIC18F452. There are:

i. Serial Communication Interface (SCI ) for interfacing GSM Module and
GPS Module.

ii. Serial Peripheral Interface ( SPI ) for interfacing Multimedia card holder
to the MCU

iil. Parallel Communication Interface for connection to the LCD.

3.2.1 Serial Communication Interface ( SCI)

One of important features available in this MCU which is useful in this
project is  Serial Communication Interface ( SCI ). With this function,
communication between MCU and the GSM and GPS module can be established.
Therefore, the command can be delivered to microcontroller trough IC namely MAX
233. The SCI transmitter and receiver are functionally independent but use the same

data format and baud rate.

The PIC18F452 features a full duplex ( separate receive and transmit registers
) Universal Asynchronous Receiver and Transmitter (UART ). The USART
Asynchronous module consists of the following important elements:
i. Baud Rate Generator
ii.  Sampling Circuit
iii.  Asynchronous Transmitter

iv.  Asynchronous Receiver
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3211 Serial Communication Interface ( SCI ) between MCU and GPS
module
GPS PIC18F452
TX »| RX
RX X

Figure 3.4 : Serial Communication between GPS Module and MCU

3.2.1.2 Serial Communication Interface ( SCI ) between MCU and GSM
module
GSM MAX 233 PIC18F452
X » TXi TXo »| RX
RX RXo RXi [« TX

Figure 3.5 : Serial Communication between GSM Module and MCU trough MAX
233

3.2.2 Serial Peripheral Interface ( SPI)

The second communication features that used in this project is Serial
Peripheral Interface ( SPI). This type of interface used to communicate between
MCU and Multimedia Card.
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The SPI mode allows 8-bits of data to be synchronously transmitted and
received, simultaneously. All four modes of SPI are supported. To accomplish
communication, typically three pins are used:

i.  Serial Data Out (SDO) - RC5/SDO
ii.  Serial Data In (SDI) - RC4/SDI/SDA
iii.  Serial Clock (SCK) - RC3/SCK/SCL/LVDIN

, Internal
T/ Diata Bus
Risad ﬁf e Wit

SSPBLUF reg

FC4/SDUSDA
Rog/sDo bW

RAGSEANA 55 Control
Enable

Edgs

S8PSEA reg

shift
clock

o

Clock Select

SESPMZ:S5PMO

— SMF':'C;KE ab {M;MM
SCLAVDIN i

Frescaler|TOSC
lades

N 4
- Data to TX/RX in SSPSR

- TRIS bit

Figure 3.6 : Internal SPI Block Diagram in PIC18F452



34

PIC18F452 MMC
SDI »| SDO
SDO SDI
SCK [« » SCK

Figure 3.7 : Serial Peripheral Interface between PIC18F452 and Multimedia Card

3.2.3 Parallel 1/0O Interface

The last communication features that used in this project is Parallel
Communication Interface. In this project, | used parallel 1/0 port from PIC18F452 to
send data to the LCD Module. The data is to be transfer by 4 bits parallel port. The

circuit for this connection will be discussed on the next chapter.

3.3 Voltage Regulator

One method to reduce voltage of a power supply is to run it trough a linear
voltage regulator, such as LM 7805. For all voltages within the regulator’s pre-
scribed limits (a minimum of 7.5 volts to a maximum of 25 volts ), the output of a
7805 will be even 5 volts.
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Figure 3.8 : 5 Volts voltage regulator




CHAPTER 4

SOFTWARE OVERVIEW

4.1 Introduction

This project has utilized C programming language. The whole program to the
microcontroller unit (MCU) is compiled under basic ¢ language. This chapter will

discuss about all the software that used in order to make this project successful.

All the software has its own description such as for simulation, setting the GPS
module and programmed the MCU. There are list of the software and its description:

I. PIC C Compiler Software ( Write the High Level Language for MCU )

ii. Proteus 7 Professional ( Simulation for the whole project )

Ii. Mini GPS ( software that use to read data from GPS and to separate the GPS
NMEA Protocol )

iv. PIC kit 2 ( software to burn data from PC to MCU )
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4.2 PIC C Compiler Software

This software is used to write the ¢ programming language to the MCU. The
compiler contains Standard C operators and built-in libraries that are specific to the PIC

registers. Access to hardware features from C. Features include:

i. 1,8, 16 and 32 bit integer types and 32 bit floating point.
ii.  Standard one bit type (Short Int) permits the compiler to generate very efficient
Bit oriented code.
iii.  #BIT and #BYTE will allow C variables to be placed at absolute addresses to
map registers to C variables.
iv. Bit Arrays
V. Fixed Point Decimal
vi.  Constants (including strings and arrays) are saved in program memory.
Vii. Flexible Handling Of Constant Data
viii. Variable Length Constant Strings
ix.  Address mod Capability To Create User Defined Address Spaces In
Memory Device

The CCS C Compiler for PIC10, PIC12, PIC14, PIC16, and PIC18
microcontrollers has over 180 Built-in Functions to access PIC® MCU hardware is easy

and produces efficient and highly optimized code.

The compiler can handle inline or separate functions, as well as parameter
passing in re-usable registers. Transparent to the user, the compiler handles calls across
pages automatically and analyzes program structure and call tree processes to optimize
RAM and ROM Usage.
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The compiler runs under Windows 95, 98, ME, NT4, 2000, XP, Vista, or Linux.
It outputs hex and debug files that are selectable and compatible with popular emulators
and programmers including the MPLAB® IDE for source level debugging.

3 PCW —mi= ...
B
@.‘ Project  Edit Search  Options ‘Compile\ View Tools Debug Document UserToolbar
PRI A o[
N : Files
Compile  Buyld  BuildAl  Clean Lookyp Part Frogram  7ohug
smark_v1.c x
— 1I
]
5
Ll
o
3,
-
u
A=) 1
= H ".".“.'!"‘1:1 Insert Pit: Parallax GPS C:\Documents and Settingst, . \smart_v1.c

Figure 4.1 : Interface of PIC C Compiler software

4.3 Proteus 7 Professional Simulator

For this project, this Proteus 7 Professional software is used to do the simulation
of the project. To make sure that all the system is running based on the theoretical side,

the simulation is very important to this project.



39

According to that, all kind of connection will be design in this software first
before assemble them in electronic design. The programmings for the MCU also will be
simulated in this software before apply it to the real MCU to make sure that the

programming is correct.

GPS - ISIS Professional

File Yiew Edit Tools Design Graph Source Debug Library  Template  Swstem  Help
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Figure 4.2 : Interface of Proteus 7 Professional Simulator



4.3 Mini GPS

This software is used to test the GPS receiver either it valid or not. From this
software, we can change the protocol of the GPS receiver that we want to use. For this

project, | used this software to get the RMC protocol only from the GPS receiver.

This software also available to test the signal of GPS receiver. This software can

be download from the Sparkfun web site at:

http://www.sparkfun.com/datasheets/GPS/MiniGPS 1.32.zip

Mini GPS

Chatus | Setup | ﬁhanneli Test | About ]

Date - 2007/946
Time ;: 4566200
Lat - N 33081217
Lon : W 77.61230°
Al 181.Em
Fix Type : 3D DGPS
Spd (kmdhe] : 0.0
Track : 'El,d?
PDOP; 90
HODOP : 2.2
YDOP : 84
7]
2 12
L HotStart |
| - _j [.__ . _j o

Figure 4.3 : Mini GPS Module Status
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$GPGEGA, D44506.200,3304. 844567 N 077 36.7. 36731 W1

W

Figure 4.4 : Mini GPS Data Status

Figure show that the protocol from GPS Receiver output using the GPS receiver.
We can choose any protocol that we want.

4.4  PIC Kit 2 Programmer

UICOOA offers low cost yet reliable and wuser friendly PIC USB
programmer solutions for developer, hobbyist and students. It is designed to program
popular Flash PIC MCU which includes PIC12F, PIC16F and PIC18F family. It can also
program 16bit PIC MCU. On board ICSPTM (In Circuit Serial Programming) connector
offers flexible method to load program. It supports on board programming which
eliminate the frustration of plug-in and plug-out PIC MCU.
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This also allow user to quickly program and debug the source code while the
target PIC is on the development board. Since USB port have become a popular and
widely used on Laptop and Desktop PC, UICO0A is designed to be plug and play with
USB connection. This programmer obtained it power directly from USB connection,
thus O external power supply is required, making it a truly portable programmer. This
programmer is ideal for field and general usage. UICOOA offers reliable, high speed
programming and free windows interface software.

For this project, PIC Kit 2 Programmer is used to program the .hex file into
MCU Unit. Figure 4.4 shows the PIC kit 2 Programmer interface in Microsoft Windows
XP operating system.

" PICkit 2 Programmer

Fle  Device Family  Programmer Took  Help *+—1— Menu Bar
Midizange Configuration
Device:  PACIEFSPEA Configuiabior:  2FCF . Device
UsetDs  FFFFFEFF Configuration
Checksum;  OFCF
FICKit 2 faund and connected \ —  Status Window
FIC Device Found,
i —— DD Taget 1 Status Bar
- [] Check
| Ress || wite || veity || Evsse || Blarkchesk | O mcir “+— Device Vpp
Program Memory
Enabled | Hew Oriy w | Source: Nong [Emply/Erased) . — Memory
ooon  3FFF 3FFF 3FFF 3FFF  3FFF 3FFF  3FFF  3FFF & Source
oone  3FFF 3FFF 3FFF 3FFF 3FFF  3FFF  3FFF  3FFF
ooL0  3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  3FFF  3FFF
oola  3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 39FFF  3FFF
o020 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  9FFF  3FFF
ooze  3FFF 3FFF 3FFF 3FFF 3FFE, 3FFF  3FFF  3FFF
Program

0030 3FFF 3FFF  3FFF  3FFF  3FFF  3FFF  3FFF  3FFF
ooss  SFFF SFFF 3FFF 3FFF 3FFF 3FFF  3FFF  3FFF Memory
0040 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  3FFF  3FFF
0048 3FFF 3FFF SFFF 3FFF 3FFF 3FFF  3FFF  3FFF
0050 3FFF 3FFF  3FFF 3FFF 3FFF 3FFF  3FFF  3FFF
0056 SFFF 3FFF  SFFF 3FFF 3FFF  3FFF  3FFF 3FFF

EEPROM Data

] Aulo Impeit Hex
Enabled | Hex Only W +'wWike Device
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF # Read Device +
10 FF FF FF FF FF FF FF FF FF FF TF FF FF FF FF FF Evpert Hex File
20 FF FF FF FF FF FF FF FF FF FF fF FF FF ¥F FF FT == EEPROM Data
30 Fr FF FF FF FF FF FF P fF fF pE bF fF fF FF PF o | PICKIt 2 Memorv

Figure 4.5 : PIC kit 2 Programmer interface



CHAPTER 5

SMART VEHICLE DATA LOGGER SYSTEM
(PROJECT IMPLEMENTATION)

5.1 Introduction

This chapter will explain how this project is implemented using hardware and
software. The hardware is consist of microcontroller PIC18F452, GPS receiver,
GSM Modem, Multimedia card and LCD Module.

5.2 Hardware setup

Microcontroller PIC18F452 is the brain of the hardware, used to
communicate GPS data to MMC, LCD and GSM Modem. The system can be

describe trough the block diagram below on the next page.

i. GPStoPIC
All data from GPS Module will be extracted by PIC. The speed and the coordinate
can be detected by GPS module through the command from PIC.
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ii. PICtoLCD
The LCD will be display the speed and location of the vehicle by the data from GPS
Module.

iii.  PIC to Multimedia Card ( MMC)
The data from GPS will be store in MMC card through the command from PIC. It
can be write by using MMC data writer.

iv.  Two way communication using GSM
Input from user, SMS , that had been sent to the GSM module will be read in PIC.
PIC will take the data ( location and coordinate ) from GPS and send the data back to

user’s cell phone using GSM Module.

a @

Two way
communication system

GPS Modul GSM Module

PIC 18F452

e
A
.

Microchip

Liquid Crystal . .
Display (LCD) —> processor — Multimedia
card (MMC)

i

S
@, .

Figure 5.1a : System Block diagram
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Figure 5.1b : System Overall Circuit

Figure 5.1b show the overall circuit for the system. The connection of the
circuit are designed based on the configuration of MCU and the modules connection
types such as Serial Communication interface ( SCI ) and Serial Peripheral Intrface (

SP1). The pin connection of each module will be discuss on the next sub topic.
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5.2.1 Microcontroller Setup

2
[
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A
R5 1
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20MHz 10p
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MCLRAPE  RCUTIDSHCCR2A (—10
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=1 ratan RCA/SDNSDA —o
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REZICSIANT [—2
FIC1GFa52

Figure 5.2 : The PIC18F452 schematic

Figure 5.2 shows the microcontroller PIC18F452 schematic. The schematic
include the crystal circuit and reset circuit. Port D is used to connect the LCD
Module. Pin CO and Pin C1 are for serial communication to the GPS Module. Pin C6

and Pin C7 are for serial communication to the GSM Modem.



5.2.2 GPS receiver setup
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Figure 5.3 : GPS receiver circuit

Figure 5.3 shows that the connection of GPS receiver to the MCU. Pin CO
from PIC18F452 had been set to be RX pin for serial communication. Then, TX pin
from GPS receiver is connected to it. The output system from GPS receiver is 5
volts, so it is compatible to the MCU. According to this, the serial connections

between them are directly connected without using RS232 circuit.
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5.2.3 GSM Modem setup

For this system, the GSM modem and MCU are connected using serial
communication. The connection from GSM modem to MCU is trough IC namely
MAX233. The function of MAX233 IC is to convert voltage from GSM Modem
which is 12 volts data to become 5 volts data that can be read by microcontroller

unit.

The figure 5.4 shows that the connections of GSM modem and MCU through
MAX233 system. We also can use MAX232 IC for this system, but for this IC , there

are no built in capacitor.

iy
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10p
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=1 o
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20MKz 10p
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S RagiANaTSE LN @ S 12m T20u1 18 XD
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Figure 5.4 : GSM Modem circuit



5.2.3 Multimedia card setup

For Multimedia card, the connection is using Serial Peripheral Interface ( SPI
). Pin RC2 from MCU is connected to the CS pin in MMC. Pin RC3 is connected to
CLK, Pin RC4 is connected to DO and pin RCS5 is connected to DI in MMC. The

table below show that the SPI connection.

Table 5.1 : SPI connection

MCU PIC18F452 Pin

Multimedia Card Pin

RC2 CS ( Chip Select)
RC3/SCK CLK
RC4/SDlI DO
RC5/SDO DI
hdultimedia
1 1 .
1 1| &
1 J
— o o o o
W _od
[ [ |
|11 | L
13 15
= DSCUCLKL RCOTADSDITCK [—=
MCLRAFF  RCUTAOSVCCPZA ——
RC2/CCPY —L
g— RADMAND RC3/SCHISCL ;g
== RN ROWSDLSDA
g— Raz/aHz W REF- RCS/SDO gg
—=—1 RAZ/ANIMREF+ RCB/TARCK [—2=
—— RAHTOCK RCTIRADT ==
% RASIAMNNSSILVDIN 13
—— RASMISCZICLKED ROOPSFD f—
- RO1/PSPA %
22 RBONTO ROZ/PSFPZ |——
22 REaaNTA RDPSPE |2
% REZ/ANTZ ROP 5P %
2= RES/CCFPZE ROS/PSPS =
% RE4 ROE/PSPE %
2= RES/PGM ROT/PSPT |——
2 reeipoc L
) Re7ipeD REQ/RDIANS %
RE1/WRIANG f——
RE2/CSIANT |—2
FIC15Fa52

Figure 5.5 : SPI communication between MCU and MMC
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5.2.4 LCD Module setup

In this project, Parallel 1/O port is used to connect MCU to the LCD Module.
Port D parallel port is used to connect it. This LCD module just used 4 data bit line
for the data transfer. The data pins are RD4 to RD7. The connection is shown at

Figure 5.6.
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1
=13 1
% HI | l
20MHz 1op LD
— Lh0 6L
12
13 1 0sciicld RCTAOSO/TICN —o e
1 WELRAFRE  RCUTAOSICCRZA %
) reziccp (I
2 RaDiAND REBSCKISCL (—2 BeH =
== 3 — | Rat/ANT RC4/SDISDA (22 288 PEw EnHBZEER
& | RAZIANZAREF- RCS/SDO 22
EZ3 qur g— RASINIARER  RCGBTHICK % rH m‘ o r~| UD| m|'c._‘ edols
2 RediToCK_ RCTRADT 28
| RASIANAISEILVDIN "
RASIOSCZ/CLKD  RDOPSFO (13
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4 22 ReaiNTy RD2IPSF2 (—Zib
2 RBANTY RD3PSF3 (—22
25 Re2iNT2 RD4PSP4 (2T
25| resicceze RDSIPSPS 22
27| rpg ROB/PSFE
% RES/F Gh RO7/PSFT |20
2o resipor - .
80| RETPGD REDDIANS |2
RE1AIRIANS 2
REZ/CGNT [0
AREES

Figure 5.6 : LCD connection

5.3  Software setup

For microcontroller to function, Program Flash Memory has to be loaded
with program. The program is basically used to analysis data from GPS receiver ,
store the data in MMC module and last but not least control the GSM module. The

overall source code for MCU will be shown at Appendix A.



51

5.3.1 GPS receiver source code

START

A

Get serial data

A\ 4

A

From pin CO

oD

If data
header is
SGPRMC

Analysis Data

A 4

Store in memory
(string)

Figure 5.7 : GPS Module Flow Chart

Data from GPS receiver will be sent to MCU at Pin CO using serial
communication. The program will scan the $GPRMC header and analysis the data.

Then, the data will be store in memory in string type.
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5.3.2 GSM Modem source code

START

A
Initialize GSM
"| Modem by using AT

Command

No

Check call
(Pin C6 &
C7)

Set AT Command

Data

A 4

Send Message to

User Number

Figure 5.8 : GSM Modem Flow Chart

The GSM Modem system is using AT Command to operate it. There are two

step to initialize the GSM Modem system using AT command:

AT+CMGF=1
AT+CSCA="+60120000015"

After initialize the GSM Modem, the system will check the string ‘RING’
from Pin C6 of the MCU to check the call from GSM Modem. If there is a call, the
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system will send two AT command to the GSM Modem to send SMS. The At
command for sending SMS are :

AT+CMGF=1
AT+CMGS="(Number Reciever)”

5.3.3 MMC source code

START

¥
Initialize SPI
Connection

Get GPS Data

\ 4
Store to MMC

Figure 5.8 : MMC Source Code Flow Chart

Serial Peripheral Interface (SPI) is used to communicate the MMC system to
the MCU system. The system will store 512 bytes of data at one time into the
memory card. Figure 5.8 show how MCU operation step to get the 512 bytes data
from GPS and store it into MMC. The system will always store the GPS data when
there are any data received from GPS reciver.



CHAPTER 6

RESULT AND ANALYSIS

6.1 Introduction

In this project, there are several stages that will be construct. For the first
stage , the GPS Evaluation Board had been design to get the data from GPS

Receiver. For the second stage, the real hardware development.

First stage :

i.  GPS Evaluation Board (Interfacing GPS to Hyper Terminal using RS232
DB9 connection.)
ii.  Simulation connection of GPS, PIC 18F452 Microcontroller and LCD

Module using ISIS 7 Professional Software.

6.2  GPS Evaluation Board (Interfacing GPS to Hyper Terminal using RS232
DB9 connection)

This circuit is using MAX232 IC to interfacing data from GPS / Rx and
Tx input to DB9 connector. Please refer to Appendix B for the Max232
Datasheet.
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The GPS receiver module is Parallax GPS receiver Module. Please refer to
Appendix C for the Parallax GPS receiver Module Datasheet.
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Figure 6.1 : GPS Evaluation Board Diagram for Interfacing Circuit

Figure 6.5 : GPS Evaluation Board Hardware Design
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6.2.1 Result from Hyper Terminal

Table 6.1 : Output from Hyper Terminal

$GPGSV,3,1,12,24,77,238,37,23,66,148,40,13,64,160,,20,56,084,38*7A
$GPGSV,3,2,12,04,40,296,39,07,30,232,,25,25,052,32,11,15,143,*7F
$GPGSV,3,3,12,01,09,042,,02,09,306,33,30,03,013,,05,02,317,*7A
$GPRMC,143252.99,A,5459.8219,N,00141.4886,W,000.0,010.8,020406,003.5,W,A
*30
$GPGGA,143252.99,5459.8219,N,00141.4886,W,1,06,03.1,00096.5,M,0048.2,M,,*
44

$GPGSA A,3,24,23,20,04,,25,,02,,,04.8,03.1,03.70C
$GPGSV,3,1,12,24,77,238,37,23,66,148,40,13,64,160,,20,56,084,38*7A
$GPGSV,3,2,12,04,40,296,39,07,30,232,,25,25,052,32,11,15,143,*7F
$GPGSV,3,3,12,01,09,042,,02,09,306,33,30,03,013,,05,02,317 *7A
$GPRMC,143253.99,A,5459.8220,N,00141.4886,W,000.0,010.8,020406,003.5,W,A
*3B
$GPGGA,143253.99,5459.8220,N,00141.4886,W,1,06,03.1,00096.8,M,0048.2, M, *
42

$GPGSA A,3,24,23,20,04,,25,,02,,,04.8,03.1,03.70C
$GPGSV,3,1,12,24,77,238,37,23,66,148,40,13,64,160,,20,56,084,38*7A
$GPGSV,3,2,12,04,40,296,39,07,30,232,,25,25,052,32,11,15,143,*7F
$GPGSV,3,3,12,01,09,042,,02,09,306,33,30,03,013,,05,02,317 *7A
$GPRMC,143254.99,A,5459.8221,N,00141.4886,W,000.1,010.8,020406,003.5,W,A
*3C
$GPGGA,143254.99,5459.8221,N,00141.4886,W,1,05,04.6,00097.2,M,0048.2, M, *
ac

$GPGSA A 3,24,23,20,04,.25,,,,,,08.7,04.6,07.4*0A
$GPGSV,3,1,12,24,77,238,37,23,66,148,40,13,64,160,,20,56,084,38*7A
$GPGSV,3,2,12,04,40,296,39,07,30,232,,25,25,052,32,11,15,143,*7F
$GPGSV,3,3,12,01,09,042,,02,09,306,32,30,03,013,,05,02,317,*7B
$GPRMC,143255.99,A,5459.8222,N,00141.4887,W,000.1,010.8,020406,003.5,W,A
*3F
$GPGGA,143255.99,5459.8222,N,00141.4887,W,1,06,03.1,00097.5,M,0048.2, M, *
4B

6.2.2 GPS Data Analysis

By using hyper terminal, the output from GPS receiver can be display.

$GPGSV,3,3,12,01,09,042,,02,09,306,32,30,03,013,,05,02,317,*7B
$GPRMC,143255.99,A,5459.8222,N,0141.4887,W,000.1,010.8,250108,003.5,W,A*
$GPGGA,143255.99,5459.8222,N,00141.4887,W,1,06,03.1,00097.5,M,0048.2,M,,*
$GPGSA A, 3,24,23,,20,04,,25,,,,,,08.7,04.6,07.4*0A
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In this project, two protocols were used to get the coordinate, speed, real time
and date. Table 6.2 and Table 6.3 show RMC Protocol Data Format and GGA

Protocol Data Format.

Table 6.2 : RMC Protocol Data Format

Name Example Units Description
Message ID SGPEMC RMC protocol header
UTC Position 161229 487 hhmmss sss
Status A A=data valid or V=data not valid
Latitude 37232475 ddnmm mnmmm
N/5 Indicator N N=north or S=south
Longitude 12158 3416 dddmm mmmm
E/W Indicator W E=cast or W=west
Speed Over Ground | 0.13 Knots
Course Over Ground | 309.62 degrees | True
Date 120598 ddmmyy
Magnetic Variation! degrees | E=east or W=west
Checksum *10
=CR=<1F= End of message termunation

! SiRF does not support magnetic declination. All “course over ground” data are geodetic

WGS-84 directions.
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Table 6.3 : GGA Protocol Data Format

Name Example | Units Description
Message ID HEPGGA GGA protocol header
UTC Position 161229 487 hhmmss sss
Latumde 37232475 ddpum marmm
N/S Indicator N N=north or S=south
Longitde 12158 3416 dddmm nmnum
E/W Indicator W E=east or W=west
Position Fix Indicator | 1 See Table 1-3
Satellites Used 07 Range 0 to 12
HDOP 1.0 Horizontal Dilution of Precision
MSL Alsitude’ 9.0 meters
Units M meters
Geoid Sepamtionl meters
Umnits M meters
Age of Diff. Corr. second | Null fields when DGPS 1s not used
Duff. Ref. Station ID 0000
Checksum *18
=(R=<1F= End of message termination

! SiRF does not support geoid correction. Values are WGS-84 ellipsoid heights.
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From RMC protocol

Latitude : ddmm.mmmm

a) Coordinate N/S Indicator : N=north or S=south
5459.8222,N,0141.4887,W | Longitude : dddmm.mmmm

E/W Indicator : E=east or W=west

So, the location is 54 degrees 59.8222 minutes to the
North and 01 degrees 141.4887 to the West from

GMT
b) Speed Means the speed is 0.1 knots ( 0.1 miles per hour)
0.1
c) Date Date : ddmmyy
250108 Means the date is 25 January 2008
From GGA protocol
a)Real Time UTC Position : hhmmss.sss
143255.99 So, the time is 14 : 32 : 55.99 but, in Malaysia
is +8 hours from GMT
b) Satellites Used Means that there are 6 satellites used to get the
06 data.

6.3 Simulation connection of GPS, PIC 18F452 Microcontroller and LCD
Module using ISIS 7 Professional Software.

The simulation is using ISIS 7 Professional Software. The overview of the
software had been discussed on the Chapter 4. This topic will discuss about the result

of the simulation.
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6.3.1 Circuit Diagram
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Figure 6.3 : Circuit diagram for connection of GPS, PIC 18F452
Microcontroller and LCD Module in ISIS 7 Professional Software.

6.3.2 Source Code for PIC18F452 Microcontroller / C Programming for
PIC18F452

In this stage, we use high level language for programming the PIC18F452
Microcontroller. Refer Appendix A for the source code for the microcontroller for

this simulation.
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6.3.3 Input From Virtual Memory in the Simulation

In this simulation, there is virtual memory can be put as GPS receiver input.

The input had been paste as below to the virtual memory.

Table 6.4 : Input for Virtual Memory in ISIS Professional 7 Simulation

$GPRMC,165208.000,A,0345.445734,N,10311.309269,E,1.284,0.00,200108,,,A*50
$PMTKCHN,30382,01302,22332,31312,32302,14001,29001,02001,16001,05001,20001,28031,1103
1,18001,06001,19001,07001,09001,25001,08001,13001,10001,03001,04001,27001,26001,15001,170
01,12001,00000,00000,00000*49

,17001,12001,00000,00000,00000*49

$GPVTG,0.00,T,,M,1.155,N,2.140,K,A*3A
$GPGGA,165212.000,0345.446176,N,10311.309491,E,1,4,2.11,244.074,M,-4.132,M,,*41

$GPGSA A 3,30,01,22,31,,,,,,,,,2.33,2.11,1.00*%03
$GPGSV,1,1,04,22,65,137,33,31,37,343,31,01,28,003,30,30,15,037,38*78
$GPRMC,165212.000,A,0345.446176,N,10311.309491,E,1.079,0.00,200108,,,A*59
$PMTKCHN,30382,01302,22332,31312,14001,29001,02001,11001,16001,28001,05001,20031,1803
1,06001,19001,07001,09001,25001,08001,13001,10001,03001,04001,27001,26001,15001,17001,120
01,00000,00000,00000,00000*49

$GPVTG,0.00,T,,M,1.079,N,2.000,K,A*30




6.3.4 Output shown from the circuit in the ISIS 7 Pro software
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Figure 6.4 : First output from simulation

Figure 6.4 show that the first output for the simulation. It shows that the

signal from Virtual Memory is valid and there is four satellites in coverage.
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Figure 6.5 : Second output from simulation

Figure 6.5 show that the second output for the simulation. It shows that the

latitude and longitude of the GPS receiver.
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Figure 6.6 : Third output from simulation

Figure 6.6 show that the third output for the simulation. It shows that the real

time and date.
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6.4  Result on hardware development

According to the whole circuit, all the module had been assembled. The result
of the real hardware is same like the simulation. Figure 6.8 show that the real

hardware connection.

Figure 6.7 : Hardware Design

According to the hardware development, the result are listed below :

i. Result from LCD Module.

Figure 6.8 show the result of LCD Module while the system is running. The
result is same as simulation.
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Figure 6.8 : LCD Module result

ii. Result from MMC Module

Figure 6.9 show that the file of GPS data on the MMC when open it from the

window operating system. The data had been write successfully.

cardimage - Notepad
File Edit Format Yiew Help
EPRMC,165221. 000, A, 0345. 446187, M, 10311 . 310482, E,1. 2]

[ —1 |_-H_
Ln 1, Caol 1

Figure 6.9 : MMC file output
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iii. Result from GSM Modem

The system will send a message to the user that want to know the location of
the hardware. The SMS will show the latitude and the latitude of the hardware. The

programming of the system is show in Appendix A.



CHAPTER 7

CONCLUSION AND FUTURE RECOMMENDATION

7.1 Conclusion

Smart Vehicle Data Logger is a data logger project using GPS Receiver,
GSM Modem and Multimedia Card. The Smart Vehicle Data Logger can track
speed and location of the vehicle travel using Global Positioning System (GPS) and
store the information of the GPS receiver. User is allowed to trace the location of the
vehicle by SMS the Data Logger.

The system will send back the location of the vehicle through GSM module.
The controller for this prototype design is microcontroller system using PIC 18F452

and programmed using PIC C Compiler ( C Programming ) software.

Due to the result from Smart Vehicle Data Logger prototype , we can know

that kind of information below by using RMC Protocol;

e The real time and date.
e The coordinate
e Speed

e Satellites used
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All the data had been shown in MMC Module and had been displayed at LCD
Module . Since the project is based on microcontroller system, the development of
software plays a major role in develop the system. The high level language ( C

Programming) is used to programming the MCU.

Last but not least, the system is considered achieved the main point of this
project because it was fully functioning. The MCU can communicate with the other
device in good condition. The program to control the system can follow the
instruction given. The integration of the whole system is successfully working as the

objective of the project.

7.1 Future Recommendation

Due to this project , there are a variety of enhancement that could be made to

this project to make it more user friendly.

I. Using Double Layer PCB

By using the double layer PCB, the size of circuit board can be
reduced. The product can be more smaller than this prototype in order

to commercialize it.

ii. Brand of GPS Receiver

The brand of GPS receiver is important to this project. Either the
receiver is take time to valid or less time to valid. The Parrallax GPS
receiver takes about 10 minutes to 30 minutes to valid. This can

interrupt the system stability.
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7.3 Costing and Commercialization

The overall of the whole project is based on hardware development. As
discussed in previous chapter, the hardware consist of five main module ; GSM
Modem, GPS receiver, MultimediaCard , LCD Module and the microcontroller.
Therefore the cost of the project nearly depends on type of electronic devices. Table

7.1 shows the list of the components and its price.

Table 7.1 : Price of component

No | Component Price

1 | GPS receiver RM 780
2 | GSM Modem RM 500
3 | MMC Holder RM 200
4 | Multimedia Card 1GB RM 48

5 | PIC18F452 Microcontroller RM 40

6 | LCD Module RM 32

Total RM 1600

For this prototype, the estimate cost is about RM1600. The cost is considered
compared to the GPS data logger that is available in market. The price will become
much lower if the devices are bought in high volume. Since the product are highly on
demand nowadays, it is highly recommended that the prototype to be upgraded so

that it can be commercialized in near future.



70

REFERENCES

[1] Shadow Tracker® Expert
14 March 2008
http://www.advantrack.com/hw_Shadow_Tracker_Expert.htm

[2] CarChip Pro Automotive Data Logger
25 Mei 2008
http://www.microdag.com/davis/automotive/carchip_logger.php

[3] PIC18F452 Microchip Microcontroller

12 Jun 2008
http://www.microchip.com/stellent/idcplg?ldcService=SS_GET_PAGE&nodeld=13
35&dDocName=en010296

[4] Global Positioning System
Title Global positioning systems, inertial navigation, and integration /
Author Grewal, Mohinder S.

[5] Multimedia Card
MMC-RS Product manuall.3
Author SanDisk Corporation

[6] GSM Module
TMAS GSM/GPRS Terminal Hardware User Manual Ver 3.0
Author TCAM Technology Pte Ltd



71

APPENDIX A

MICRO CONTROLLER SOURCE CODE

L11777777777777777777777777777777777777777777777777777/7/7//7//7/77/77777
// SMART VEHICLE DATA LOGGER V1

// Details: 1. Data from GPS (GPRMC) will be store into MMC card
// 2. When recieve a phone call from user, data from GPS

// will be send back to user number.

// Module : 1. GPS reciever ( ETEK )
// 2. MMC Development kit
// 3. GSM Tx/Rx Modem

L17777777777777777777777777777777777777777777777777777//7//7/7/7/7/7/77777

//Microcontroller Configuration
#include <18F452_h>

#include <stdlib._h>

#fuses hs, nowdt, nolvp, noprotect
#use delay(clock=20000000)

#use rs232(baud=4800,xmit=PIN_C1,rcv=PIN_CO,PARITY=N, stream= GPS)
#use rs232(baud=19200, xmit=PIN_C6, rcv=PIN_C7,stream=GSM)

//Multimedia Card Configuration
#define MMC_CLK  PIN_C3
#define MMC_DI PIN_C4
#define MMC_DO PIN_C5
#define MMC_CS PIN_C2
#DEFINE _CS PIN_C2

#DEFINE MAX_FILES 2

#DEFINE MMC_BUFF_SIZE 32
#include<mmcdos.c>

//L.CD Configuration
#include<lcd.c>
#include<math.h>

const unsigned int Mon[] = {0,31,28,31,30,31,30,31,31,30,31,30,31};
int year, month, day;



char timed_getc(){

long timeout=0;
do{

timeout++;
Iwhile(Ykbhit() && timeout<50000); //500m second

if(kbhit(Q){
return(getc(Q));

}else{
return("?");

void MakeSplit(int32 data ,char *p)

{

int a,b,c,l,m;
int32 d;

(int)(data - floor(datas/100)*100);
(int) (floor(datas100) - floor(datas10000)*100);
(int) (floor(datas10000));

(int32)(a)*10000 + (int32)(b)*100 + (int32)(c);
toa(d,10,p);

c
b
a
d =
i

for(1=0;1<6; 1++)
if(p[1] == "\0")
t Ffor(m=5;m>0;m--)
i pLm] = p[m-11;
p[0] =

void main(){

char c,i,j,g

char rlng[lo] {"RING"};
int p;

int8 buf[80],term[3],*ptr;
int8 _code[7];

int8 _time[11];

int8 _latitude[12];

int8 _longitude[13];

int8 _dLat[2];

int8 _dLong[2];

int8 _valid[2];

int8 _sv[3];

int8 _day[3];

int8 _month[3];

int8 _year[3];
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float _lat,_long;
int _gmt;

int32 _timefull;
int32 datefull;
int8 _dfull[7];

i=0;
_gmt = O;

set_tris_c(0b10000000);

lcd_init(Q);
lcd_putc("STARTING...");
delay_ms(1000);
lcd_putc('\f");
Icd_putc(* SMART VEHICLE \n DATA LOGGER™);
delay_ms(1000);
lcd_putc('\f");
lcd_putc(" Autorized by \n Amir Haris");
delay_ms(1000);
lcd_putc('\f");
lcd_putc(" Supervisor - \n Mohd Zamri™);
delay_ms(1000);
lcd_putc('\f");
Icd_putc(* SMART VEHICLE \n DATA LOGGER™);

do{
c = timed_getc();
if(c == "$7)
{
do{
c = buf[i++] = timed _getc();
if((c == *,") && (buf[i-2] == *,") && (i>2))
{ buf[i] = *,";
buf[i-1] = "0";
i++:
}
Jwhile(c = "*" && i < 80);
i=0;

//Multimedia card Write Operation

setup_adc_ports(NO_ANALOGS);
setup_adc(ADC_OFF);
setup_psp(PSP_DISABLED);
SETUP_SPI(SPI_MASTER | SPI_CLK DIV_16 | SPI1_H TO L
ISPI_XMIT_L _TO_H );
setup_wdt(WDT_OFF);
setup_timer_O(RTCC_INTERNAL);
setup_timer_1(T1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);
setup_timer_3(T3_DISABLED|T3_DIV_BY_1);
setup_oscillator(True);

set_tris_c(0b10010011);
output_high(MMC_CS);
p=init_mmc(10);
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SET_BLOCKLEN( 512);

rotected=false;
LOCK( 0, buf, 512)

O'O

//GPS Data Seperation

strcpy(term,',;");
ptr = strtok(buf term);

strcpy(_code, ""GPRMC™) ;
if(Istrcmp(ptr,_code)) //if msg header = "GPRMC"
{

ptr = strtok(0,term); //time

strcopy(_time,ptr);
_timefull = atoi32(_time);

ptr = strtok(0,term); //data validity
strcopy(_valid,ptr);

ptr = strtok(0,term); //latitude
strcopy(_latitude,ptr);

ptr = strtok(0,term); //latitude sector
strcopy(_dLat,ptr);

ptr = strtok(0,term); //longitude
strcopy(_longitude,ptr);

ptr = strtok(0,term); //longitude sector
strcopy(_dLong,ptr);

ptr = strtok(0,term); //speed over ground
ptr = strtok(0,term); //course over ground
ptr = strtok(0,term); //date

_day[0] = ptr[O];
_day[1] = ptr[1];

_month[0] = ptr[2];
_month[1] = ptr[3];
_year[0] = ptr[4];
_year[1] = ptr[5];

day = atoi( _day);
month = atoi(_month);
year = atoi(_year);

_lat (atol (_latitude) / 100)*100 ;
lat (atof(_latitude) - (float)_lat)/60;
“lat = (float)(atol( latitude) /7 100) + _lat;
|f(_dLat[0] == "S"%)
_lat *= :

_long = (atol(C_longitude) / 100)*100 ;
_long = (atof(_longitude) - (Ffloat)_ Iong)/60;
_long = (float)(atol(_longitude) /7 100) + _long;
if(_dLong[0] == "W=)
_long *= -1;

//Check validity of signal
ifCvalid[0] == "A" )

printf(lcd_putc,'\fSignal:valid™);



_gmt = ceil((_long+7.5)/15); //360deg
divide 24hrs = 15 time band
}

else
printf(lcd_putc,'\fSignal :Not Valid™);

printf(lcd_putc,'\nSat view:%s",_sv);

delay_ms(1500);

//Latitude & longitude
printf(lcd_putc, ' \fLat:%f", lat);
printf(lcd_putc,'\nLng:%f",_long);

delay_ms(1500);

//time & date local time adjustment
if(Cgmt = 0)

_timefull += (int32)_gmt*10000;
if(timefull >= 240000)

_timefull -= 240000;

//date adjustment

if(((year®4==0 && year%100 !=0)|]]year®%400==0) &&
i =1; // <- leap year offset for February
day++;

month == 2)

Ef(day > (Mon[month]+i1))

day -= (Mon[month]+i);
month++;

1
1=0;
if(month > 12)

month -= 12;
year++;
}
3
3

_datefull = (int32)(day)*10000 + (int32)(month)*100 +
(int32) (year);

//time & date
MakeSplit(_timefull, _dfull);
printf(lcd_putc,' \fTime:
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% - Yhcthe s %ehe2%d' , _dFul I[0],_dFfulI[1],_dfull[2],_dfulI[3],_dfull[4]

,_dfull[5], gmt);
MakeSplit(_datefull,_dfull);
printf(lcd_putc,'\nDate:

Y%cthe/%che/Y%che, dful I[0], dful I[1], dfull[2],_dfull[3],_dfull[4], d

full[5]);
delay_ms(1500);

//GSM Configuration
g = fgetc(GSM);
if(Istrcmp(g,ring))
{
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fprintf(GSM, ""\f"");

delay_ms(3000);

fprintf(GSM, "AT+CMGF=1 \r");
delay_ms(3000);

fprintf(GSM, ""AT+CSCA=\""+60120000015\"" \r'");
delay_ms(3000);

//Sending text message SMS
fprintf(GSM, "AT+CMGF=1 \r");
delay_ms(3000);
fprintf(GSM, "AT+CMGS=\""+60179507229\"" \r'");
delay_ms(3000);
fprintf(GSM,"This Message is from Smart Vehicle Data Logger.
Your car Coordinate is : Latitude:%f and Longitude:%f %c
", _lat, _long,0x1A);
b

else
{
H

//Reading text message SMS
//fprintf(GSM, "AT+CMGF=1\r"") ;
//delay_ms(1000);

o}

strcpy(_code, "GPGGA™) ;

if(Istrcmp(ptr,_code)) //if msg header = "GPGGA"
for(J=0;j<7;j++)
ptr = strtok(0,term);
strcopy(_sv,ptr);

while(l);
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28/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Parformance RISC CPU:

& compller optimized archieciure/ingtruction ast
- Bource code compatiole with fie FICTS and
FIC17 Inatruction asta
« Linzar program memary 2ddresang o 32 Koyiea
« Lingar dats memory 2ddresangio 1.5 Koyisa

On-Chip Program
Memary On-Chip| Data
Davice RAM |EEFRCH
FLASH | # EingleWard | motes) | foytes)
\bytes) | Instructions

RiCERag | 18 8132 TEA 25
ek 1838 1538 25
AiCERL | 18 8152 TEA 258
Lo - 18382 153 2588

* Upio 10 MIFa operaton:
- OG- 40 MHz oac./clock Input
- & MHz - 10 MHz oac /ol input wih FLL acthe
# 15-bil wida instructiona, 8-pit wade data path
+ Priorty levela for intermupia
« By & Single Cycle Hardware Multiplisr

Pariphéral Faaturas:

 High current ainkfaounce 23 mAZI mA

s Tnree exlemal inleruot ping

s TimerD module: &-bit/1 6-oit timer/counter whh
£t programmatie preacaler

s Timer! module: 16-0it timericounter

s Timerz module: 8-bit tmer/counter with &-bi
peniod regigier [ime-paas far FWM)

« Timer3 module: 16-oil timericounier

Secondary oacilator ciock opton - Timert Timer3

+ Two Caplure/Gompare/FW i (CCF) modulea.

GOGF pinathat can be configured aa:

- Capture input capture i3 160,
max. reashuiion £.25 na (Tov/16)

- Compare ba 16-bit, max. reasiution 100 na (Tov)

- FWM output: FWM reaolution i3 1- 1o 10-bi,
max. FiWM freg. @ &-bitreanhulion = 135 kHz

10-0i reaciution =38 kHz

Master Synchronous Senal Fonl (MS5F) module,

Two modea of operation:

- 3-wire SFI™ (aupponaal 4 SF| modea)

- FC™ Magterand Siave mods

Paripharal Faatures (Continuad):

+ Agdreazaple LSART moduls:
- Buppora RS-483 and RS-232
+ Faralel Slave Fort [FSF) module
Analog Faaturas:
+ Compatible 10-pif Analog-io-Dighal Converter
module (A/D) with:
- Fagtaamping rate
- Gonveralon avaliable during SLEEF
- Linearity €1 LS
+ Programmable Low Vollage Daection (FLVD)
- Suppora imerrupt on-Low Votage Detecton
+ Programmable Brown-out Reast [BOR)

Spacial Mierocontrollar Faaturas:

00 erasewiile cycle Enhanced FLASH
DIoQram memary ypica

000,000 erase’wiiie cyce Dats EEFROM
memary

FLASH Dets EEFROM Retention: = 40 yeara
Seil-reprogrammatie under anfiwars contio
Fower-on Reast [FOR), Fowsr-up Timer [FWAT)
and Gacliator Stan-up Timer (O8T)

Walchdog Timer (WOT) with is own On-Chip RS
Craciiator for rediable aperation

Frogrammabile code proection

Fower aaving SLEEF mode

Selectabis pacliator opthona inciuding:

- 4 Phaas Lock Loop |of primary cacilaior)

- Secondary Cacliaior (32 kHz) chock Input

s Single supply 3% In-Circull Senal Programming™
(IGSF™) va two ping

Im-Cirzuit Debug {15 0) wa two pina

CMOS Technalogy:
 Low power, high speed FLASHEEPROM
iechnology
+ Fully atatic dealgn
+ \Wide operating voitage range (20V 10 5.5V)
+ |nduatriz! and Exfended femperature ranges
* Low power conaumption:
- 2 1.6mA typical @ 5V, 4 MHz
- 25 pAdypeal @ 3V 32 kHz
- = 0.2 WA typical standoy current
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PIC18FXX2

4.9  Data Memory Organization

Tne datz memaory & implemented a3 gatic AAM. Each
myater in ine datz memory na3 2 12-01 addreag,
alipwing up 1o 4095 bytea of dal memory. Figurs 4-5
and Figure 4-7 ahow the data memary organization for
he FIZ18FEKZ devicea,

The datz memory map & dvided into 23 many 23 18
tenks et contan 255 pyleasach. The lowsr 4 oia of
e Band Select Regater [BSR<3:0) aslect which
oank wil oe acoegasd. The upoer 4 pitatorthe BSR ars
not implemanted,

The dats memory containa Special Function Registers
[8FRA) and General Purpose Feglaters (GFF). The
5FRa are uasd tor control and aiatus of the controlier
and peripharal functiona, whils 3FRa are uasd for data
atorage and acraich pad operaiiona in the uasr'a apol-
cation. The 5FRa alar ai the laal location of Bank 15
{0 FF} and exiend downwards. Any remaining apace
peyond tne SFRs In the Bank may be implemented a3
GFFa. GFRa aian a1 he firat locztion of Bank 0 and
grow upwanda. Any read of anunimplemenied location
il read a3 e

Tne entire dais memary may be accessed directly or
indirectry. Direct addreaaing may require 1he uae of 1he
BSH regiater. Indirect sddresang requires e uss of &
File Select Reglater (FSRAn) and a correaponding Ind-
rct File Operand (INDFn). Each FSR nhoids a 12-bit
adreaa vaiue 1nat oan be uasd 1o aoceaa any looation
nihe Dai Memory map without banking.

The inatruction 88t and anchileciure aliow operabons
Ac1oa3.al panka. Thia may be accomplianed by indirect
andreaaing or by 1he uas of 1he MOVE 7 ingtruction. The
MOVEE Inatruction i a MG%GI‘G"lWG{'&'CE natnuction
nat moved 3 valus thom ong regaier 1o another.

T engure al commonty uasd regiatena (8FR3 and
=leo! GFF3) can be accesssd I 2 angle oyols,
rEgardieas of 1ng current BSR values, an Accesa Bany
Bimplemented. A aegment of Bank 0 and 2 asgment of
Bank 15 compras ihe Access RAM. Section 410
prowddesa a defalied description of the Accesa RAM.

441 GEMERAL PURPOSE REGISTER
FILE

Theregigter{ie can be scceassd stner discty orind-
rectty. Indirect addresang operates uaing 2 Fle Bsect
Regiater and comeaponding Indirsct File Operand. The
operation of indirect addressing 8 ghown
Section 4,12,

Ennanced MOU devicea may have banked memary in
ine GFR area. GFRs are not infiaized by & Fower-on
Feastand are unchanged on 2l other RESETS.

Dztz AAM 2 2vaispe for uae 33 GFF registen oy &
natructiona. The fop hall of Bank 15 (0xF80 1o CxFFF)
coniaing 5FFa. Al other banka of dais memory contain
@FR regiatera, starting with Bank 0.

482 SPECIAL FUNCTION REGISTERS

The Specal Function Regatera (SFRa) are regigtens
uaed by 1he GPU and Penpgneral Modules for control-
ng 1he dealred operation of the device. Theas regia-
iera are Implemenizd 23 gislc RAM. A et of theas
regiatera’a gven in Tagle 4-1 and Tabie 4.2,

Thne SFFa can os casadied ino two 2213 thoas 2330-
clated with the “core” functon and thoas related to the
peripheral functiona, Thoas registers reéted 1o the
“core” ars deacriped In thiaaection, while 1hoas related
fo he operalon of e perpneral festurss ane
dzacriosd In the aection of that perpneral feature,

The 5FR3 are iypically daifribuisd among the
peripherala whoas functiona they control.

The unused SFR locationa will be unimplementsd and
readas Ta. Bee Taole 4-1 for addreaasafor tne SFRa.
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FIGURE 4-T: DATA MEMORY MAP FOR PICIBF252/452
BSR=3:0= Data Memary Map
= BAB G 00| Acceas RAM
————» Bank 0
e Bank 1
Bank 2 aFR
FFh FFh
amas iy 300h
—" & Bank 3 aFR
FFh FFh
4000
Banx 4 GFR Acceag Bank
aren 'y 0oh
R 00h = Acceas RAM low -
———% Banx 3 ar | k= = — — 7Fh
— _— Acoeaa FAM nign | B2
h p 4
&aan (=ShAE) FFh
=il ’ Whena =0,
————% Banxs | lnuged the BSF i3 ignored and 1ne
= 1118 o 7 Read 00R" M Acceas Bany = uaed.
= Bank 14 Tnetirat 128 Dylea are Gensrz
Punpoas FMAM (from Bank o).
Tneascond 128 Dytes ars
Specisl  Function  Registera
EFFn firom Bank 15).
=111l an Unused E—T,E.. /
———%  BEam 13 [ ——— — Faon
N - BOh
FF =R FEFR

Winena =1,

e BSA i3 vasdio apecty the
RAM location thal 1he
natrucBon use:
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5.0 FLASH PROGRAM MEMORY

Tha FLASH Program Memary is readable, writable,
and srasabia during normal aparasion aver the amine
VoD ranga.

A raad fram program meamary is axacutad on ona byl
& a Sma. A writa g program meamary is axacutad an
Blacks of @ bytas & aSme. Program mamary is arased
nBlacks af B4 bytas ata Smea. A bulk arass gparadian
may nat ba issuad fnam usar coda.

‘Wiiting ar arasing program mamary will Saasainsirus-
fion fachas uil the apara$ian is completa. Tha pra-
gram mamary cannatl be accassad dunng T8 win
arasa, haradars, Gads Sannat axasuta. Animamal g
gamming Smar anminatas pragram mamary writes
and arages.

A valus wiitian fo program méamany doss not naed o be
& walid instruction. Execung a program  memary
guafian that foms an invalid instrucSion resus in &
ol =

FIGURE 5-1: TAEBLE READ OPERATION

51 Table Reads and Tabla Writes

n andar o raad and wnla program mamary, Sarg ana
fwd aparafions that allaw e prosassar fa mave byies
betwaan $a program mamary space and $ha data
Rl

= Tabla Write (T }

The pragram memary space is 16-b% wide, whils fa
data AAM space is 8-bits wids. Table Aaads and Tabla
Writet mave data batwaan thats twd mémary Spaces
through an 8-bit ragistar (TABLAT).

Tabla Asad cpérafians refnéve data fram pragram
mamary and places i inta Se data AAM spaca.
Figura &1 shows e oparatian af a Tabla Raad with
pragram mamary and data RaM.

Tabla ‘Writa oparafians siare data fram e data mam-
ary spacs intd halding registent in program memary.
Tha pracadura ta writa the soeants of e halding reg-
s%ars Mo pragram mamary s detalad in Sactan 85,
"WriSing % FLASH Program Mamary™. Figura 52
shows The aparafan af a Tabia 'Write with program
mamary and data RAM.

Tabia cparations waork with byte antiias. A table block
cartaining data, rather than program instruclions, is nat
requirad %o be word aligned. Thareiore, a table block
can stariand and at any byte address. F a Takbia Write
& baing used o write executable code inda program
mamary, pragram instruciions will need o be wand
alignad.

FEtucion: TELRD"

ey

Mote 1! Tabh Foirter DObosto @ e [N pRogim mmory
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&5  Writing to FLASH Program
KMamary

Thaminimum pragramming biadk is £ wands ar § bylas

Ward ar byta programming is natsuppartad

Tatia Writas ara usad intamally ta laad $ha halding rag-

siars naedad % program $a FLASH mamary. Thara

ara B halding ragisians usad by $ha Table 'Writes far

pragramming

Sinca tha Tabia Lash (TABLAT) is only a singla by,
TELWT imstrusian has % ba axacutad 8 Smas far

aach programming aparafion. Al of fe Table Wrisa

aparationwil aszardaly ba shart writas, bacauss anly
tha halding ragistars are wiittan. A2 the and of updating
8 ragstans, e EECONT ragister must ba writan ig, ta
start fha pragramming aparation with a lang write
Thelang write is nacssaary far pragramming the inar-
nal FLASH. InstrucSian axacutian is halted whila in a
ang wiite cyche. Tha lang writs will ba sarminatad by
tha intamal programming Smar

Tha EEFRCM arechip Smer cotrals e wiits Sme
Tha writafarata valiagas aré ganarated by an an-chig
changs punp rated fa oparate avar fa walaga ranga ol
the davica for byla or ward oparations.

FIGURE 5-5: TABLE WRITES TO FLASH PROGRAM MEMORY
wew
t. |8 Ll & &
+. e, )
TELFTR w sa0omx? TELFTR w soomxxl ™= LE=-=C TELFTR w somxxT
|—{ R T | Soidhy Sea st | 'XT] ioldta Segiste

Program Mémary

FLASH FROGRAMMEMORY WRITE
SEQUENCE

Tha saquance of evears far programming an intama
pragram mamany ksslian should be:

1. Raad 84 bytasinia RAM

2. Upda%s datavaluas in AAM a8 nacassary

3. Load Tabla Paimar with addrass baing arasad

4. Dotharow arasa pracadure

5. load Tabe Panter with addrass of first byta
baing writian

&

‘Wiita tha fins? @ byles irta the hading registans

TELWT+

with auid-incramant [TELWT
7. Sat EEPGD b pain fa pragram mamary,
claar tha CFGES bit to acscess pragram mamary,
and &4 WREN 3 énabla byla writes
Disabla infarnups:
9. 'Writa 85h ta EECON2

10 ‘Write Adh s EECON2

11. 5& $ia WA bil. This will Bagin tha writa cycla

12 Tha CPU will siall far durasion af tha writa {sbaut
2 mé using infamal Smar)

13, Re-ansbbs irtanups

14 Rapaat staps &14 seven fmasg, 23 wrhita
B4 hyms

18, Varidy $ha mamary (Tabla Raad)

This procaduna will raquira st 18 ms fa updats ana

row af B2 bytes of mamary. An axample of S raquired

oada is givean in Exampla 5-3

Note: Bedora safing the WH b2, $ha table paimar
address nasds to be witin S intendad
addrass range af the @ byles in e hading
ragisians.
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GPS PROTOCOL

GPS Protocol
Reference Manual

PiM: BBO-0330-4
Revisicn 1.30

[\ Leadtek"

We Make Dreams a Realivy

Leadtek Research Inc.
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GPS Protocol Reference Mamnal

Chapter I  NMEA Input/Output Messages

The unit may alse ovtput data in NMEA 0183 format a5 defined by the National
Marine Electronics Association (NMEA), Standard For Interfacing Marine
Electronics Devices, Version 220, January 1, 1997,

1.1 ~ NMEA Output Messages

The unit sutputs the following massagas as shown below {Table 1-1):

Tabig §-1  WMEA-DI83 Output Messages

MMEA Record Deeseripting

GGA (lobal pesitioning systam fixed data

GLL Geographic position - latitude/lengitude
(184 (INSS DOP and activesatellites
Gev (GNEE satellites in view

[ [ Recommendad minimwm specific GNSE data

VTG Course over ground and ground speed




Leadiek Research Ine,

LI

GGA - Global Positioning System Fixed Data

Table 1-2contains the values for the following example:

HPGGA, 161220 480 3032478 W12 158 3406, W, 107, 10,900

Tukie 1-2

GiGA, Drata Format

0000 1

Mg

E xample

Units

Deseriptiom

Massage [[

WPGGA

GG protocol header

UTC Position

161 229487

Latitude

a4

ddmum mmmm

WIS Indicaior

M

N=naorih or S=a0uih

Longituda 2158 418 deddmim ki
EMW Indicatar W E=amt or Wewest
Position Fix [ndicator | | See Tabla 1-3

Satallites Usad

Fange (o 12

HEGOPR

Horizontal Dilution of Precision

MSL Altitude

melers

Units

melers

(raoid Separation

melers

Units

M

melers

Apaof Diff. Corr.

second

Wull fields when GRS is not usad

Diff, Ref. Station [

Checksum

*|&

s L F

End of message termination

! SiRF does nat support geaid comechion. Values are Wi 554 ellipsoid heights.

Tukbie 1-3

Pesition Fix [ndicator

Value

[hescription

Fix nost availabla or invalid

I (iP5 SPS Moede, fix valid

[}

Differential GPS, SPS Mode, fix valid

fak

GPS PPS Mode, fix valid
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11.2  GLL - Geographic Position — Latitude/Longitude

Table 1-4 contains the values for the following example:

HGPGLL, 323247 N, 121383416, W, 161220 487 A*2C

Table 1-4 GLL Drata Format

MName Example Units Description
Messaga [D GPGLL GLL protocel header
Latituda IM32475 ddmim.mmimim
N/S Indicator M N=north or S=scuth
Longitude 12158 3415 deddmim mimimim
E/W Indicator W E=gast or Wewest

UTC Position

181 229487

Status A Amdata balid or Vedata not valid
Chacksum w2C
LN End of massage termination
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I.1.7 854 — GNSS DOP and Active Satellites

Tabkle 1-5contains the values for the following example:

HiPGEAA

Talide 1 -5 G

5.4 Data Forma

B 533

MName Example L mits Dhese ription
Message [ WPGEA GSA protocel header
Maode | A See Tabkle 18
Mode 2 3 See Table 17
Satellite Used o7 Sv on Channel 1
Satellite 1 02 Svon Channel 2
Satellite Unsed Svon Channel 12
POOP 1.8 Rositien Dilution of Precision
HI:OP 1 Heorizontal Dilution of Precision
WIHOP 1.5 Wertical Dilution of Prec
Checksum 33
Rt W End of message termination

1M,
Talide I -6
Valwe Dhesc ription

1 Fist ot availabla

2 2D

3 £l
Tabie -7 M

Value Drescriptiom
M Manual - forced 1o eperate in 20 or 31D mode
A Automatic — allowed 1o automatically switch 20V30
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L1.4 GSV-GNSS Satellites in View

Table 1-Econtains the values for the following example:

SGPGSV.2,1,0707,79,048.42,02,51,062,43,26,36,236 42,27 27,138 42%T7|

SGRGSV2.2,07,0923313,42.04,19,159.41,15,12,041 42%4]

Table I-8  GGA Data Format

Name Example | Units Description
Message 1D LGPGSV GSV protocol header
Number of Messages' |2 Range | to 3
Message Number' l Range | to 3
Satellites in View 07
Satellite 1D 07 Channel | (Range | to 32)
Elevation 79 degrees | Channel | {Maximum 90)
Azimuth (48 degrees | Channel | (True, Range 0to 339)
SNR (C/No) 42 dBHz | Range( to99, null when not tracking
Satellte ID a7 Channel 4 (Range | to 32)
Elevation 27 degrees | Channel 4 (Maximum 90)
Azimuth 138 degrees | Channel 4 (True, Range 0to 339)
SNR (C/No) 42 dBHz | Range( to99, null when not tracking
Checksum *
<CR><LF> End of message termination
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LL5 RMC- Recommended Minimum Specific GNSS Data

Table 1-9contains the values for the following example:

SGPRMC, 161229487 A,3723. 2473 N, 121 38.3416,W,0.1 3,309.62, 1 20598,,*10

Table 1-9  RMC Data Format
Name Example Units Description
Message 1D SGPRMC BMC protocol header
UTC Position 161229487 hhmmss. sss
Status A A=data valid or V=data not valid
Latitude 37232475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 121583416 dddmm. mmmm
E/W Indicator W E=eastor W=west
Speed Over Ground | 0.13 Knots
Course Over Ground | 309.62 degrees | True
Date 120598 ddmmyy
Magnetic Variation' degrees | E=eastor W=west
Checksum *10
<CR»<LF> End of message termination

" SiRF does not support magnetic declination. All “course over ground”™ data are paodetic
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L1L6

VTG- Course Over Ground and Ground Speed

Table 1-10contains the values for the following example:

SGPVTG, 309.62, T M,0.13N,0.2,K*6E

Table 1-10 VTG Data Format

MName Example Units Description
Message 1D SGPVTG VTG protocol header
Course 309.62 degrees | Measured heading
Reference T True
Course degrees | Measured heading
Reference M Magnetic'
Speed 0.13 knots Measured horizontal speed
Units N Knots
Speed 02 krm/hr Measured horizontal speed
Units K Kilometer per hour
Checksum *HE
<CR=<LF= End of message termination

" SiRF does not support magnetic declination. All “course over ground” data are geodatic

WGS-84 directions.
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APPENDIX D

SANDISK MULTIMEDIA CARD USER MANUAL

SanDisk 2

SanDisk MultiMediaCard and
Reduced-Size MultiMediaCard

Product Manual
“ersion 1.3
Document Mo, 80-36-00320
April 2005

SanDisk Corporation
Conporate Headguanens = 140 Ceaplan Coun - Sunnyvale, GA S4088
Phone (408) 542-0500 « Fax (408) S42-0503

W g-and lak.com



Crapier 1 = Infnoducton
Rardlsbn 1.3 ot 1 Al @ Cantl RS Aol T e dl aCand Pnoedict Ilarisal
Figure =2 Memaory Array Partitioning
i "y
S i NS RE-MS Sand
( Ty )
|
[ [ ]
( [ )
£ ( == )
= |
= ( )
] Sacier 0
E
1 — )
E = )
&
i
= [ Sincter T byt 273 - j
[ St [ oyt 0 - E7 j
. A
Takle 11 Memory Array Structures Sum mary '
Eylas Saeoior Erass Group Size Mo ot W Groun Mo o
Erass Wiiria:
B = M2 w2mss xz 15253 = =
SDMIRSIZ
SONMLE B ME 128 408 = 3919 iz 123
EDMR.J L
EDML-1ZE
128 NI WO EE = TEES =z 45
SDMIR.]A 28
SDMLI-Z5E
= NE [l = 15675 iz 450
B DMIR.JZ58
EDMLI-E1ZE
2z ME 10003254 = 31382 iz =0
EDMRI51Z
EDMLI-1024
20005 BEE z 2T z 1,250
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Rervigion 1.3

Chapler 1 =lnfraductian
Muiadalard REMuliMadiztard Product Manua

1.12.6

1.12.7

Read and Write Operaticns

The MultiMedizCard'R S-MultiMedizCard suppons two read’write modes 25 shown in
Figure 1-3 and defined in Table 1-2.

Fgure1-3 rata Transfer For mats
Single Block Mode Misalignment Error
Paimoe | ; Pdamoey Pl gimoey MG TIOYy utz Maicy
Sados | B Samoas | Sedmors | Seoos e Sagcs
F3 Y 1.
Searm Bocrada et Sorad Seart foorads
(Fosa | L] Fosac i)
Multiple Block Mode
Memcry | Mamory | Memory | Memoey | temdey | Memory | Medrocy
Sactors Samos Sactors Sactors Saomgs Sactors = ]
. Wit L - T Fy
T AR Sop St Sop
Table 1-2 Mode Deflnltons
Moda Dos cription
Singla Block In his made $he hos! reads or writes ane data block in a pre-apecified langth. The

data block ranamission is profaciad with 188 CRC that is ganeratad by Se
sanding unit and chackad by tha recaning unit.

Tha Black hang® for raad oparafions iz limifad by fe devics saciar siza (512 byles)
Butcan baassmall as asingla byla. Misaigimant iz not allowad . Evary data Biock
musi be Sontained in asingls physical saciar.

Tha Black hang® for write operaSons mus! be idanSical to $e secior size and Ha
st address alignad o a saciar baundary.

Ml il b iy e Thisk made it similar o $e single bock mode, axcapd far $ha hos! can readssrite
mulfipls data hlocks (all have $a samea bang ) (hatans stored ar retrisvad from
sonfiguous mamary ad dressas siariing ad fia address spacifiad in e command.
Tha apearafon is farminatad with a siop rammission command.

Mizalig mant and Block langth restnicions apply fa mulSpls Blacks and ana idendcal
o tha singla Biock readiarite aparatons.

Data Protection in the Flash Card

Every sactor is protected with an error comrection code. The ECC is generated {in the
memaory card) when the sectors are written and validated when the data is read. If defects
are found, the data is cormected prior o transmission to the host.
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Chapter 1 = Intraduction
MultiMediaCard/R3-MultiMediaCard Preduct Manual

SPI Mode

The SPI mode 1s a secondary communication protocol for the MultiMediaCard and RS-
MuloMediaCard. This mode 15 a subset of the MultMediaCard Protocol, designed to
communicate with an SPl channel, commonly found m Motorola and other vendors’

microcontrollers,

Table 1-4 SPI Mode

Funetion

Description

Negotiating Operating Conditions

Tha operating condition negatiation function of the
MultiMediaCard/RS-MMC bus is not supported in SP1 Mada.
The host must work within the valid voltage range, 2.7 to 3.6
W, of the card.

Card Acquisition and |dentifization

This function is not suppartad in SPI Made. The host must
know the number of cards currently connected on the bus.
Specific card selection is done using the CS signal.

Card Status

In 8Pl mode, only 16 bite containing emrars relevant to 8P|
made can be read out of the 32-bit Status Register.

Memary Array Partitioning

Mamary partitioning in 3Pl made is equivalant to
MultiMediaCard mode. All read and write commands are byte
addrassable.

Read/Write Operations

In 3Pl mode, single and multiple block data transfers are
supported. Stream mode is not supported.

Data Transfar Rate

Same as MultivediaCard mode.

Data Pratection in
MultiMediaCard/RS-MultiMediaCard

Same as MultiMediaCard made.

Erase

Same as MultivediaCard mode.

Write Protection

Same as MultiMediaCard mode.
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WuiMadiaCard and REMu

i

Interface Description

Physical Description

The MultiMedizCard and RS-MultiMedizCard has seven exposed contacis on one side.
The host is connected to the card using a dedicated seven-pin connecior.

Pin Assignments

Table 3-1 MulthedlaCard and RS-MuldMediaCard Fad Asslgnment
Pin No. Nama Typa' Dies cription
MultiMediaCard Mode
1 REY NE d or Abways =1
2 CMD 0, P2,00 Command Responsa
3 WEE1 5 Supgly Waltage Graund
< oD 5 Supgly Waltaga
5 CLx Clack:
8 552 5
7 DATO o, PP Data O
5P| Mode
1 ] Chip Salaci (aciva laow)
2 Datain Hoskicecard Commands and Data
3 WEE1 5 Supgly Waltage Graund
< oD 5 Supgly Waltaga
5 CLx Clack:
8 552 5
7 Datalut o Cardeio=-hiosi Data and Siatus




Rardlsien 1.3

O 3 =Ineertacs Dascrpdon
Mt T Aol i e RS el el v Poiect Maridal

32

MultiMediaCard/RE-MultiMadiaCard Bus Topology

The MultiMediaCard REMultiMedialard bus has three communication lines and four
supply lin=s.

« MDD
« AT
» CLK
« VDD
v VEE[1:Z]

The description af sach signal i contzinead in Table 3=2.

Takle 32 Bus Signal Descriptions
Name Dassoriptian

=] Cormimared & & Dl=dinectbral Sonal. Hom and Card On e e Cparane In T
PR e il amedi e el |

DT Daia lire & @ Dledrectoral sgral . Hosiand cand drivers ans opseratihg In pushepall
FTRCCh

=13 Clock & @ Rt 50 cand sigral . CLE cperaned In pushepd] mcce

WOID WIDID |5 Frea povwsr supd'y lire for all cands.

VEE[1E WEE ans two goundlines

Figure 3=] shows the bus circuitry with one host in MultidMedialard mode.

Figure 51 Bus Circuitry [Visg ram

&

CID
oaT

CLE

Ty €y Cy

Cryyg = Max iCy, Cp C3)

—

Mubkedalard
Haosl RuktvediaC and

The Ran i swithed an and off by the host synchronously o the apensdrain and pushepall
made tramsitions. Bo.r and By are pull-up resistars protecting the MWD 2nd DAT line

against bus floating when no card is insertad or all card drivers are in a2 hisimpadance
mode.

A canstant curreml source can replace the Rog in arder ta achieve better performance
{comstant slopes for the signal rising and falling edges). If the host doss nat allow the
switchable Ron implementation, a fixed Boun can be wmed. Caonssquently the maximum
aperating fraquency in the apenedrain mode has to e raduced in this case.
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MAX 233 DATASHEET

TR e T4 B

MAXIMN

+5V-Powered, Multichannel RS-232

General Description
Tog WANIZO=MANIAZ tarm ¥ ol e drivergiracaivang g
niended far all EATIA-Z32E and V.38V 24 carmrmumsa-
arky apphsatons whang =13V &

fans inkeraces, panéy
ol sl bie
it ara agsacialy ubaty

£l -

Applications

Drivers/Receivers

Next-Generation

Device Features

+ For Low-Voliage, Integraled ESD Applications
MAXZI2IEMANIZIIEMANIZITEMANIZA1 EJ
MAXZZ4EE: +3.0V Lo +5.5V, Low-Power, Up lo
1MEepa, Tree AS-232 Tranacaivara Using Four
0.1pF External Capacitora (MAXI246E Availlable
in & UCSP™ Package)

+ For Low-Cost Applicatizne
MAXZI1E: +15kV ESD-Protected, +5V, 1A,
Singla AS-232 Tranaselver with AuleShulsewn™

Ordering Information

Franie Compulens TEMF RANGE Ptk PACK AGE
o) - Dlazic O B
LB Modsrms 0% 1 +T04C % Plasic O
R 18 Mamow 50
heriace Trangiaton = = =
0%C 1o +T0%C % Wide SO
Saten-Powered A3-232 Syslems 0% 4 TS ot
Multidrog AE-232 Metworks =40%C 1 +85°C % Plasdc OF
«40%C 1o + 38550 16 Marow S0
=<40%C 1o +38%C % Wide SO
=20%C 1o 48550 15 CERDR
&54C 10+ 12850 18 CERD R
AufsShurdown and LCEP am madamarks of Maxim infaganed Ordaring informafion sonfinved af and of data sheer.
Produces, inc "Centact factony for dice spacicanions
Selection Table
[P M sl Mt EHOM Ax
Par Sugely AS-2a Ha of Cag Vace & Thae Aztwain Do Aae
Pt Bl i Ddwica'fx Eo Cagd (ulF) Snaa SHOM =] Fa. - ai
== el 4 LOANT IR P —_ = L [ o Sl s s P oL
== i ] K Tan — f il LOw-Eowa @ LIS
- 4= 4 o “a w i AT @ P e ST LT
== g5 i —_ e " 20 Ealaklain 50
- 0 4 || “aw - = Srvvara with s PuDsowr
== o S o e — i = o <50
=T - 33 T PP RARNIED
-= s 4 Y R ] Me _ a2l (e rochatry ahar Shand
- i 4 & M - il = L T
== s [12 Me - i Mo arera capa
- i ¥ - o1 - &0 Mo aer e daa Pl e rae
== 40 4 EET R ] 11 —_ 2L P a4
== g5 [ - e - =0
== 4 il e - 20
== 4 1o e — i
== 4 il 1 - 20
== S ik P — k- -
= - - e o Lt i (B0 PO sl pet
== 4 id S — @320 P Tl e e S
- 4 L0 i i — i)
= [ [X Vel rd =0
== 4 Qi 1 - a0
== 4 ig e —_ i
- o - i w w0 L GaP, DG APLDSOAT Mo
== o - “aw w e L e, O DT M cae
== [ i w an L SEpd. rine ope naling mocks
== 4 i “aw w e o 2 T a2 e
== 4 o ) E 20 S TS el

A AKXV

Maxim infagrafed Products 1

B nrlelna. dalvary. and ardering Iinfarmation. nlaase contast Marim/Dallas Diract! at
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Drivers/Receivers

+5V-Powered, Multichannel RS-232

MAX220-MAX249
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MAX220-MAX249
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+5V-Powered, Multichannel R$-232
Drivers/Receivers

ELECTRICAL EHAHACTEHISTIES—MAHEEEMAHEEG—MAHEM (continued)

o om SV =100 MANZIZMA EE.'-.-'::-E'-.-':E’:n Ci=Cd = 1.0uF; MAXZZ MANXZIE,

PARAMETER CONDITIONS MIN T¥P MAX | UNITS
Kol operation
08 12
FE-232 Inpul Thraghald Low W
08 15
5= 74
FE-232 Inpul Thraghald High W
15 24
FE-232 Inpul Hysleregis 02 05 10 )
FE-232 Inpul Hesiglance 3 5 T ki
TILCMOS Quipul Vollage Low LA W
LICMOS Outpul Valags High A5 Wi -l W
TILCWOS Quipul Laakage Curment 005 =10 uA
_ _ 800
Racaivar Julpul Enable Time ng
400
200
Racaivar Julput Diganle Time p—— ng
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ABSOLUTE MAXIMUM HATINGS—MAHEDHEEHSEAHB SAJ’M 29’243
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ELE ETHIEAL EHA RA ETEHISTICS—MAHEEDM 2/232A/233A/242/243
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ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A1242/243 (continued)
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