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ABSTRACT

Buses constitute of the major portion of the public transport system in a
city but passengers opt for private vehicles such as motor cycles and cars.
This is due to the unpunctual operation of the buses. In developing country
like India increase use of private vehicles causes a huge traffic congestion.
By introducing this system the exact location of the bus, a passenger intends
to board is obtained and can be accessed by the passenger. This enables the
user to plan his commute. Thus the public bus service becomes more user
friendly.

The location of the vehicle or bus can be identified with the help of a
GPS module. The location value is stored in the microcontroller and sent to
the PC with the help of GSM modem. The route of all buses and the bus
stops are already fed into the server. The user/passenger sends the required
bus no. (Unique id) to a specified number allotted for the smart bus locale
ascertain system along with his location i.e. bus stop. The user/passenger
will receive a reply mentioning the current position of the bus and time taken

by the bus to arrive to the bus stop that he intended to know.
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CHAPTER 1
INTRODUCTION

11  BRIEF OVERVIEW:

Smart Bus Locale Ascertain Technology is a Tele-monitoring and management system for
city transportation vehicles such as buses. This system is based on a stand-alone single-board
embedded system that is equipped with GPS and GSM modems that s installed in the vehicle. A
personal computer based GSM-Server is installed at transportation head-quarter. The location of

the bus and the expected time it will reach the bus stop 1s obtained using a mobile phone.

Buses constitute of the major portion of the public transport system in a city but passengers
opt for private vehicles such as motor cycles and cars. This is due to the unpunctual operation of
the buses. By introducing this system the exact location of the bus, a passenger intends to board
is obtained and can be accessed by the passenger. This enables the user to plan his commute.

Thus the public bus service becomes more user friendly.



1.2 BLOCK DIAGRAM:

Bus Side:
GPS Module
—
MAX N Micro
232 "
GSM modem Controller

Fig 1.1 Interfacing of GPS and GSM modules with pC - Block diagram

PC Side (Server):

GSM Modem

v

PC (Java)

Fig 1.2 Interfacing GSM modules with PC - Block diagram



1.3 BLOCK DIAGRAM DESCRIPTION

On the bus side, the GPS and the GSM modules are interfaced to Microcontroller through
MAX 232 IC. MAX 232 IC uses RS-232 standard for serial binary data interconnection between
a DTE and a DCE. The microcontrotler used here has two USART ports, which enables it to

communicate both the GPS and GSM modules without using a relay.

On the PC side, the GSM modem is interfaces to PC through Hyper Terminal connection.
The JAVA program, which acts as front end interface will receive and send messages through
this serial port. The received messages from GPS module in bus are updates in back end SQL

database and the messages from user are auto replied based on their location and bus location.
1.3 MODULES:

A brief overview of the project modules are explained for better understanding of block

diagram.

» Microcontroller — Programmed to receive the GPS coordinates, extract latitude and

longitude values and send using GSM mobile.
» LCD Display — Helps to know the location for database creation

» GSM mobile phone (MODEM) — 1t is the communicating device between Bus module

and server PC

A\

GPS — Gives the exact latitude and longitude co-ordinates

> PC (JAVA) - For data base creation (SQL), auto update and auto reply for the messages

from Bus module and user respectively.

> MAX-232 - In telecommunications, MAX 232 uses RS-232 standard for serial binary
data interconnection between a DTE and a DCE. It is commonly used in computer

serial ports.



1.4 PROJECT DESCRIPTION:

The location of the vehicle or bus can be identified with the help of a GPS module. The
GPS module reads the latitude and longitude of its position. The GPS gives a latitude and
longitude value that identifies its current position on earth. This location value is sent to a

microcontroller.

The location value is stored in the microcontroller and latitude and longitude values are
extracted from the GPRMC string. This value s sent to the PC with the help of GSM modem. In

predefined time intervals the above processes are continuously updated.

In the PC (Data base) module, java is used to view the process and the location of bus at
all times and the location is stored into PC (server). The PC (Data base) uses a GSM modem to
receive the location data. The route of all buses and the bus stops are already fed into the server

(SQL Data base).

The user/passenger sends the required bus no. (Unique id) to a specified no. allotted for
the smart bus locale ascertain system. The required data such as the position of the bus and the

expected time to reach the bus stop is obtained through the mobile phone.
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CHAPTER 2
MICRO CONTROLLER

2.1 INTRODUCTION:

Micro controller is a standalone unit, which can perform functions on its own without any
requirement for additional hardware like 1/O ports and external memory. The heart of the micro
controller is the CPU core.

The controller used is ATMEL ATmegal64P. The ATmegal64P is a low-power CMOS 8-
bit microcontroller based on the AVR enhanced RISC architecture. By executing powerful
instructions in a single clock cycle, the ATmegal 64P/324P/644P achieves throughputs
approaching 1 MIPS per MHz allowing the system designer to optimize power consumption

versus processing speed.

Microcontroller ATMEGA164p Specifications

e 8 bit micro controller
e Advanced RISC Architecture(Reduced instruction set computing)
o ATmegal64P/324P/644P also features an extra USART
e Peripheral Features:
o Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

e Number of I/O Pins 32

e Number of Pins 44
e Access Time :20.0 us
e Clock Speed :20.0 MHz (max)

e Operating Temperature :85.0 °C (max)

e Supply Voltage (DC) :5.50 V (max)

e Special Microcontroller Features
_ Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down. Standby and
Extended Standby.



«  Memory sizes

| Device | Flash | EEPROM | RAM |

@megamw | 16 Kbyte | 512 Bytes 1 Kbyte

Table 2.1 Various memory sizes of the nC

2.2 ARCHITECTURE DIAGRAM:
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Fig 2.1 Architecture diagram of ATmegal64p nC



The AVR core combines a sich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clock cycle. The
resulting architecture is more code efficient while achieving throughputs upto ten times faster

than conventional CISC microcontrollers.

The Atmegal64P/324P/644P provides the following features: 16/32/64K byvtes of In-
System Programmable Flash with Read-While-Write capabilities, 512B/1K/2K bytes EEPROM,
1/2/4K bytes SRAM, 32 general purpose 1/O lines, 32 general purpose working registers, Real
Time Counter (RTC), three flexible Timer/Counters with compare modes and PWM, 2 USARTs,
a byte oriented 2-wire Serial Interface, a 8-channel, 10-bit ADC with optional differential input
stage with programmable gain, programmable watchdog Timer with Internal Oscillator, an SPi

serial port, IEEE std. 1149.1 compliant JTAG test interface, also used for accessing the On-chip

Debug system and programming and six software selectable power saving modes. The
Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SP1 port, and interrupt
system to continue functioning. The Power-down mode saves the register contents but freezes
the Oscillator, disabling all other chip functions until the next interrupt or Hardware Reset. In
Power save mode, the asynchronous timer continues to run, allowing the user to maintain a timer
base while the rest of the device is sleeping. The ADC Noise Reduction mode stops the CPU and
all I/O modules except Asynchronous Timer and ADC, to minimize switching noise during ADC
conversions. In Standby mode, the Crystal/Resonator Oscillator is running while the rest of the
device is sleeping. This allows very fast start-up combined with low power consumption. In

Extended Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.



2.3 PIN CONIGURATION:

PP
5 ’
(PCINTRXCHOTY) PBI O] 1 “ 40 O PAD ADCOPCINTG
{mmw_ﬁmt pEL O 2 38 71 Pad k,ﬂs.@x_'?“r'ﬁs “T1
%Wl%ﬂfﬂﬂ&ﬂﬁﬁ&ﬁﬁ? P2 OO 3 3B O PAZ %Sﬁ"“”"‘* AT ZD
gmiwmtmwmw PRI O 4 37 1 PA3 DD Wgs-‘,-m._
w&ihﬂ.&&.@&ﬁ@% pos OS5 ah 71 PAs RDDAFINTE
PUINTIIBLOS] F PBE O 8 G5 T OPAS !;’i&@\“_-ﬁr‘@w"* W TS
FPCINTIAMISO) PBS (i 14 7 pAs i&@{ﬁ*‘i’f’“‘me
PCMTISECK) PET O =8 1% 1 PAT fﬁ&f“"’ PN
TEELT O 4 12 1 AREF
woo Ot A0 O kb
S O 1 10 O ACC
¥TALZ [0 12 s T POT TOBIIFCNTEY
wTald O 13 J8 T &'?3}3 CTOSCIP LTI
%P&WE&MM% OO O af T FOS TOHFONTEY
FPCINT2ETADD, PO O 1% JE ﬂ';& ::’T;Emy»;?f TEC
IPC ‘-&Tﬁm‘lﬁﬁv%"ﬂw e mor e g A TR D 151
3?&3%2@@&%%’”;& pod OO 24 '
""’“{'l""*ﬂf“ CRUIDCTEY PDL OO 18 220
PCMTIRCTAY FOE C 18 e
{POTI0S CORInPy POE O 20 s d¥

Fig 2.2 Pin configuration diagram of Atmegal64p pnC

PIN DESCRIPTIONS:
2.3.1 VCC
Digital supply voltage.
2.3.2 GND
Ground.
2.3.3 Port A (PA7:PAO)
Port A serves as analog inputs t0 the Analog-to-digital Converter. Port A also serves as
an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each bit). The Port A
output buffers have symmetrical drive characteristics with both high sink and source capability.

As inputs, Port A pins that are externally pulled low will source current if the pull-up resistors

10



are activated. The Port A pins are tri-stated when a reset condition becomes active, even if the
clock is not running. Port A also serves the functions of various special features of the
ATmegal 64P, e
2.3.4 Port B (PB7:PB0) . Q

Port B is an 8-bit bi-directiona) I/O port with internal pull-up resistors (selected for eac
bit). The Port B output buffers have symmetrical drive characteristics with both high sink and
source capability. As inputs, Port B pins that are externally pulled low will source current if the
pull-up resistors are activated. The Port B pins are tri-stated when a reset condition becomes
active, even if the clock is not running. Port B also serves the functions of various special
features of the ATmegal64P.

2.3.5 Port C (PC7:PC0)

Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink and
source capability. As inputs, Port C pins that are externally pulled low will source current if the
pull-up resistors are activated. The Port C pins are tri-stated when a reset condition becomes
active, even if the clock is not running. Port C also serves the functions of the JTAG interface,
along with special features of the ATmegal 64P.

2.3.6 Port D (PD7:PD0)

Port D is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink and
source capability. As inputs, Port D pins that are externally pulled low will source current if the
pull-up resistors are activated. The Port D pins are tri-stated when a reset condition becomes
active, even if the clock is not running. Port D also serves the functions of various special
features of the ATmegal 64P.

2.3.7 RESET

Reset input. A low level on this pin for longer than the minimum pulse length will
generate a reset, even if the clock is not running. Shorter pulses are not guaranteed to generate a
reset.

2.3.8 XTAL1

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

11




2.4 INTERFACING THE CONTROLLER
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Fig 2.3 Circuit diagram showing the interfacing of GPS and GSM modules with pC
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CHAPTER 3
GPS MODULE

3.1 OVERVIEW:

The Global Positioning System (GPS)isa satellite-based navigation system made up of a
network of 24 satellites placed into orbit by the U.S. Department of Defense. GPS was originally
intended for military applications, but in the 1980s, the government made the system available
for civilian use. GPS works in any weather conditions, anywhere in the world, 24 hours a day.

There are no subscription fees or setup charges o use GPS.
HOW IT WORKS:

GPS satellites circle the earth twice a day in a very precise orbit and transmit signal information
to earth. GPS receivers take this information and use triangulation to calculate the user's exact
{ocation. Essentially, the GPS receiver compares the time a signal was transmitted by a satellite
with the time it was received. The time difference tells the GPS receiver how far away the
satellite is. Now, with distance measurements from a few more satellites, the receiver can

determine the user's position.

A GPS receiver must be locked on to the signal of at Jeast three satellites 10 calculate a
2D position (latitude and longitude) and track movement. With four or more satellites in view,
the receiver can determine the user's 3D position (latitude. longitude and altitude). Once the
user's position has been determined, the GPS unit can calculate other information, such as speed,

bearing, track, trip distance, distance to destination, sunrise and sunset time and more.
THE GPS SATELLITE SYSTEM:

The 24 satellites that make up the GPS space segment are orbiting the earth about 12,000
miles above us. They are constantly moving, making two complete orbits in less than 24 hours.

These satellites are travelling at speeds of roughly 7,000 miles an hour.

14



GPS SIGNAL:

GPS satellites transmit two low power radio signals, designated L1 and 2. Civilian GPS
uses the L1 frequency of 1575.42 MHz in the UHF band. The signals travel by line of sight,
meaning they will pass through clouds, glass and plastic but will not go through most solid
objects such as buildings and mountains. A GPS signal contains three different bits of
information — a pseudorandom code, ephemeris data and almanac data. The pseudorandom code
is simply an I1.D. code that identifies which satellite is transmitting information. this number can
be viewed on Garmin GPS unit's satellite page, as it identifies which satellites it's receiving.
Ephemeris data tells the GPS receiver where each GPS satellite should be at any time throughout
the day. Each satellite transmits ephemeris data showing the orbital information for that satellite
and for every other satellite in the system. Almanac data, which is constantly transmitted by each
satellite, contains important information about the status of the satellite (healthy or unhealthy),

current date and time. This part of the signal is essential for determining a position.

3.2 NMEA PROTOCOL:

The National Marine Electronics Association (NMEA) has developed a specification that
defines the interface between various pieces of marine electronic equipment. The standard
permits marine electronics to send information to computers and to other marine equipment. A
full copy of this standard is available for purchase at their web site. None of the in formation on
this site comes from this standard and 1 do not have a copy. Anyone attempting 10 design
anything to this standard should obtain an official copy. GPS receiver communication is defined
within this specification. Most computer programs that provide real time position information
understand and expect data to be in NMEA format. This data includes the complete PVT
(position, velocity, time) solution computed by the GPS receiver. The idea of NMEA is to send a
line of data called a sentence (hat is totally self contained and independent from otaer sentences.
There are standard sentences for each device category and there is also the ability 10 define
proprietary sentences for use by the individual company. All of the standard sentences have a
two letter prefix that defines the device that uses that sentence type. (For GPS receivers the
prefix is GP.) which is followed by a three letter sequence that defines the sentence contents. In
addition NMEA permits hardware manufactures to define their own proprietary sentences for

whatever purpose they see fit. All proprietary sentences begin with the letter P ard are followed

15



with 3 letters that identifies the manufacturer controlling that sentence. For example a Garmin

sentence would start with PGRM and Magellan would begin with PMGN.

Each sentence begins with a '$' and ends with a carriage return/line feed sequence and can be
no longer than 80 characters of visible text (plus the line terminators). The data is contained
within this single line with data items separated by commas. The data itself is just ASCII text and
may extend over multiple sentences in certain specialized instances but is normally fully
contained in one variable length sentence. The data may vary in the amount of precision
contained in the message. For example time might be indicated to decimal parts of a second or
location may be show with 3 or even 4 digits after the decimal point. Programs that read the data
should only use the commas 10 determine the field boundaries and not depend on column
positions. There is a provision for a checksum at the end of each sentence which may or may not
be checked by the unit that reads the data. The checksum field consists of a ' and two hex digits
representing an 8 bit exclusive OR of all characters between, but not including, the '$'and '*'. A

checksum is required on some sentences.

There have been several changes to the standard but for GPS use the only ones that are likely
to be encountered are 1.5 and 2.0 through 2.3. These just specify some differcnt sentence
configurations which may be peculiar to the needs of a particular device thus the GPS may need
to be changed to match the devices being interfaced to. Some GPS's provide the ability configure
a custom set the sentences while other may offer a set of fixed choices. Many GPS receivers
simply output a fixed set of sentences that cannot be changed by the user. The current version of
the standard is 3.01. 1 have no specific information on this version, but [ am not aware of any

GPS products that require conformance to this version.
3.3 The GPRMC SENTENCE:

This sentence, known as the "Recommended Minimum" sentence, is the most common sentence
transmitted by GPS devices. This one sentence contains nearly everything a GPS application
needs: latitude, longitude, speed, bearing, satellite-derived time, fix status and magnetic

variation.

16



SENTENCE EXAMPLE:
$GPRMC,O40302.663,A,3939.7,N,10506.6,W,0.27,358.86,200804,,*1A
SENTENCE CONTENTS:

The GPRMC sentence consists of twelve comma-delimited words:

THE COMMAND WORD:
$GPRMC,O40302.663,A,3939.7,N,10506.6,W,0.27,358.86,200804,,* 1A

The command word indicates that the sentence is to be interpreted as a recommended

minimum message.
SATELLITE-DERIVED TIME:
$GPRMC,040302.663,A,3939.7,N.1 0506.6,W.0.27,358.86,200804,.* 1 A

GPS devices are able to calculate the current date and time using GPS satellites (and not
the computer's own clock, making it useful for synchronization). This word stores the current
time, in UTC, in a compressed form "HHMMSS.XXX," where HH represents hours, MM
represents minutes, SS represents seconds, and XXX represents milliseconds. The above value

represents 04:03:02.663 AM UTC.
SATELLITE FIX STATUS:
$GPRMC,040302.663,A,3939.7.N,1 0506.6,W,0.27,358.86,200804,,* 1A

When the signals of at least three GPS satellites become stable, the device can use the
signals to calculate the current location. The device is said to be "fixed" when calculations of the
current location are taking place. Similarly, the phrases "obtaining a fix" or "losing a fix" speak
of situations where three signals become stable or obscured, respectively. A value of "A” (for
"active") indicates that a fix is currently obtained, whereas a value of "V" (for "invalid")

indicates that a fix is not obtained.

17



LATITUDE DECIMAL DEGREES:
$GPRMC,O40302.663,A,3939.7,N,10506.6,W,0.27,358.86,200804,* 1A

The latitude represents the current distance north or south of the equator. This word is in
the format "HHMM.M" where HH represents hours and MM.M represents minutes. A comma is
implied after the second character. This value is used in conjunction with the longitude to mark a

specific point on Earth's surface. This sentence says that the current latitude is "39°39.7N".
LATITUDE HEMISPHERE:
$GPRMC,040302.663,A,3939.7,N, 1 0506.6,W,0.27,358.86,200804,,* 1 A

This word indicates if the latitude is measuring a distance north or south of the equator. A value
of "N" indicates north and "S" indicates south. This sentence says that the current latitude is

"39°39.7'N".
LONGITUDE DECIMAL DEGREES:
$GPRMC,040302.663,A,3939.7,N,10506.6,W,O.27,.358.86,200804,.* [A

The longitude represents the current distance east or west of the Prime Meridian. This word is in
the format "HHHMM.M" where HHH represents hours and MM.M represents minutes. A
comma is implied after the third character. This value is used in conjunction with the latitude to
mark a specific point on Earth's surface. This sentence says that the current longitude is

"105°06.6'W".
LONGITUDE HEMISPHERE:
$GPRMC,040302.663,A,3939.7,N,1 0506.6,W,0.27,358.86,200804..* 1A

This word indicates if the longitude is measuring a distance east or west of the Prinie Meridian.
A value of "E" indicates east and "W" indicates west. This sentence says that the current
M

longitude is "105°06.6'W".
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SPEED:
$GPRMC,O40302.663,A,3939.7,N,l0506.6,W,0.27,358.86,200804,,"‘1A
This word indicates the current rate of travel over land, measured in knots.
BEARING:
$GPRMC,040302.663,A,3939.7,N,l0506.6,W,O.27,358.86,200804,,*1A

This word indicates the current direction of travel over, measured as an "azimuth." An
azimuth is a horizontal angle around the horizon measure in degrees between 0 and 360, where 0
represents north, 90 represents east, 180 represents south, and 270 represents west. This word

indicates that the direction of travel is 358.86°, or close to north.
UTC DATE:
$GPRMC,040302.663,A,3939.7,N,1 0506.6,W,0.27,358.86,200804,,* 1A

GPS devices maintain their own date and time calculated from GPS satellite signals. This
makes GPS devices useful for clock synchronization since the date and time are independent of
the local machine's internal clock. This word contains two-digit numbers for days, followed by
months and years. In the example above, the date is August (08) 20th (20), 2004 (04). The two-
digit year is added to 2000 to make a full year value.

THE CHECKSUM:
$GPRMC,O40302.663,A,3939.7,N,10506.6,W,0.27,358.86,200804,,*1A

The checksum is used to identify errors in the data which may have occurred during

transmission.
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GPS DATA STRING:
$GPRMC,hhmmss,A,IILILN,yyyyy .yy,W,kk.k,tt.t,ddmmyy,mm.m,W* CS

Where:

« hhmmss is the UTC time

« A is the status: data valid (A) or receiver warning (V)
« 11L1 is latitude (degrees, minutes.m - ddmm.mm)

« N is North or South

. yyyyy.yy is longitude (degrees, minutes.m - dddmm.mm)
« W is West or East

. kkk is speed over ground in knots

« 1ttt is track made good, degrees true

« ddmmyy is the date

« mm.m is magnetic variation. degrees

« W is West or East

. *CSis the check sum
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Sentence Example

. $GPRMC,O40302.663,A,3939.7,N,10506.6,W,0.27,358.86,200804,,* 1A

wﬁ_w

The Command Word $GPRMC Indicates that the sentence is
to be interpreted as a
recommended minimum
message.

040302.663 The current time.

Satellite-Derived Time

Satellite Fix Status A value of "A indicates that a
fix is currently obtained.
3039.7

Latitude Decimal Degrees The latitude represents the
current  distance north or

south of the equatot.

This word indicates if the
latitude is ~measuring a
distance north or south of the
gquator. |

Latitude Hemisphere

——

1 ongitude Decimal Degrees 10506.6 The longitude représents the
|

current distance cast or west
of the Prime Meridian.

W This word indicates if the
longitude s measuring 2
distance east or west of the |
Prime Meridian. "

0.27 This word indicates the
current rate of travel over

| land, measured in knots. |

Longitude Hemisphere

Speed

This word indicates the
current direction of travel
over, measured as an
"azimuth &

UTC Date ‘\ 200804 This makes GPg devices‘
\ useful for clock

synchronization since the
\ date and time are independent
of the local machine’s internal
clock.
The Checksum * The checksum is used 1o
identify errors in the data
which may have occurred
during transmission.
Table 3.1 Tabulation showing meaning of each part of the GPRMC Sentence

Bearing 1358.86
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3.4 INTERFACING TO CONTROLLER

AT 154

Fig 3.1 Circuit diagram showing the interface of GPS module and nC

3.5 HARDWARE DESCRIPTION:

The hardware interface for GPS units is designed to meet the NMEA requirements. They
are also compatible with most computer serial ports using RS232 protocols. however strictly
speaking the NMEA standard is not RS232. They recommend conformance to EIA-422. The
interface speed can be adjusted on some models but the NMEA standard is 4800 b/s (bit per
second rate) with 8 bits of data, no parity, and one stop bit. All units that support NMEA
should support this speed. Note that, at a b/s rate of 4800, you can easily send enough data to
more than fill a full second of time. For this reason some units only send updates every two
seconds or may send some data every second while reserving other data to be sent less often.

In addition some units may send data a couple of seconds old while other units may send
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data that is collected within the second it is sent. Generally time is sent in some field within
each second so it is pretty easy to figure out what a particular GPS is doing. Some sentences
may be sent only during a particular action of the receiver such as while following a route
while other receivers may always send the sentence and just null out the values. Other
difference will be noted in the specific data descriptions defined later in the text.

At 4800 b/s you can only send 480 characters in one second. Since an NMEA sentence
can be as long as 82 characters you can be limited to less than 6 different sentences. The
actual limit is determined by the specific sentences used, but this shows that it is casy to
overrun the capabilities if you want rapid sentence response. NMEA is designed to run as a
process in the background spitting out sentences which are then captured as needed by the
using program. Some programs cannot do this and these programs will sample the data
stream, then use the data for screen display, and then sample the data again. Depending on
the time needed to use the data there can easily be a lag of 4 seconds in the responsiveness 10
changed data. This may be fine in some applications but totally unacceptable in others. For
example a car traveling at 60 mph will travel 88 feet in one second. Several sccond delays

could make the entire system seem unresponsive and could cause you to miss your turn.
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CHAPTER 4
GSM MODULE

4.1 OVERVIEW:

Global System for Mobile Communications or GSM is the world's most popular standard
for mobile telephone systems. When a GSM modem is connected to a computer, this allows the
computer to use the GSM modem to communicate over the mobile network. While these GSM
modems are most frequently used to provide mobile internet connectivity, many of them can also
be used for sending and receiving SMS and MMS messages. A GSM modem can be a dedicated
modem device with a serial, USB or Bluetooth connection, or it can be a mobile phone that

provides GSM modem capabilities.

For the purpose of this document, the term GSM modem is used as a generic term to refer to any
modem that supports one or more of the protocols in the GSM evolutionary family. including the
2.5G technologies GPRS and EDGE. as well as the 3G technologies WCDMA. UMTS. HSDPA
and HSUPA.

A GSM modem exposes an interface that allows applications such as Now>sSMS to send
and receive messages OVer the modem interface. The mobile operator charges for this message
sending and receiving as if it was performed directly on a mobile phone. To perform these tasks.
a GSM modem must support an «oxtended AT command set” for sending/receiving SMS

messages, as defined in the ETSI GSM 07.05 and and 3GPP TS 27.005 specifications

4.1.1 MODULATION:

The modulation used in GSM is Gaussian minimum-shift keying (GMSK). a kind of
continuous-phase frequency shift keying. In GMSK, the signal to be modulated onto the carrier
is first smoothed with 2 Gaussian low-pass filter prior to being fed to a frequency modulator,

which greatly reduces the interterence to neighboring channels (adjacent—chamwl interference).
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4.1.2 GSM CARRIER FREQUENCIES:

GSM networks operate in a number of ditferent carrier frequency ranges (separated into
GSM frequency ranges for 2G and UMTS frequency bands for 3G). with most 2G GSM
networks operating in the 900 MHz or 1800 MHz bands.

4.2 AT COMMANDS:

4.2.1 OVERVIEW

AT commands are also known as Hayes AT commands. There are different views to
understand the meanings of "AT". Some call it "Attention Telephone", whereas others interpret it

as "Attention Terminal" commands.

AT commands allow giving instructions to both mobile devices and ordinary landline
telephones. The commands are sent to the phone's modem, which can be a GSM modem or PC
modem. This article focuses on AT commands on Nékia’s GSM and WCDMA products only.
Different manufacturers may have different sets of AT commands. Fortunately, many AT
commands are the same. Mobile device manufacturers may also give attention to operators to

allow or not to allow some commands on phones.

AT commands can be used for operations that are usually done from the keypad, for
instance calling a number, sending, reading, or deleting an SMS, setting the SMSC number,
looking for a GPRS access point, reading and deleting phonebook data, reading the battery
status, reading the signal strength, and so on. When you want to make a PC-based application to
interface a mobile phone using USB, IR, or Bluetooth, these commands are needed to
communicate with mobile phones. Basically such commands are the application laver of MBUS
or FBUS commands. Nokia provides an AT command set guide, where you can sce the basic

command syntax and the response of the command in various situations.
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4.2.2 SMS COMMANDS:

SMS TEXT MODE:

- ————

-

Command Description

AT+CSMS Seleci message serviee o

AT+CPMS Preferred message storage

AT+CMGF Message format

AT+CSCA Service centre address

AT+CSMP o Set text mode parameters -

“ticson Show text mode parameters o

AT+CSCB Select cell broadcast message types

AT+CSAS Save settings
W Restore settings

AT+CNMI Now message indications to TE B

AT+CMGL List messages

AT+CMGR Read message

AT+CMGS Send message — |

AT+CMSS Send message from storage

AT+CMGW Write message to memory

AT+CMGD Delete message

R

Table 4.1 Tabulation showing various AT Commands for GSM mobiles
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CHAPTERS

RS 232 COMMUNICATION

5.1 INTRODUCTION:

In telecommunications, RS-232 is a standard for serial binary data interconnection

between a DTE (Data terminal equipment) and a DCE (Data Circuit-terminating Equipment). It

is commonly used in computer serial ports. The general circuit diagram of MAX 232 IC

connected to DB serial connector for PC is shown below.

a1 18 Ve
Ve GND
c1- TRAOUT
2+ ) RE1IN
co- MK 242 RE10UT
- TRAIM
TR20UT TR2IN
REZN [ 9 [ RE20UT

Fig 5.1 Pin Configuration of MAX 232 IC

FROM MICRD
CONTROZEER

sl ran  TEDOL &

o __E-__\_—. Er ]
AF s
3
3

Fig 5.2 Circuit Diagram of MAX 232 IC connected to DB9 Connector
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5.2 SCOPE OF THE STANDARD:
The Electronic Industries Alliance (EIA) standard RS-232-C [3] as of 1969 defines:

= Electrical signal characteristics such as voltage levels, signaling rate. timin g and slew-
rate of signals, voltage withstand level, short-circuit behavior, maximum stray
capacitance and cable length

= Interface mechanical characteristics, pluggable connectors and pin identification

«  Functions of each circuit in the interface connector

« Standard subsets of interface circuits for selected telecom applications

The standard does not define such elements as character encoding (for example, ASCIL

Baudot or EBCDIC), or the framing of characters in the data stream (bits per character, start/stop

bits, parity). The standard does not define protocols for error detection or algorithms for data

compression.

The standard does not define bit rates for transmission, although the standard says it is
intended for bit rates lower than 20,000 bits per second. Many modern devices can exceed this
speed (38,400 and 57,600 bit/s being common, and 115,200 and 230,400 bit/s making occasional

appearances) while still using RS-232 compatible signal levels.

Details of character format and transmission bit rate are controlled by the serial port hardware,
often a single integrated circuit called a UART that converts data from parallel to serial form. A
typical serial port includes specialized driver and receiver integrated circuits to convert between

internal logic levels and RS-232 compatible signal levels.

5.3 CIRCUIT WORKING DESCRIPTION:

In this circuit the MAX 232 1C used as level logic converter. The MAX232 is a dual
driver/receiver that includes a capacitive voltage generator to supply E1A 252 voltage levels
from a single 3v supply. Each receiver converts EIA-232 to 3V TTL/CMOS levels. ach driver

converts TLL/CMOS input fevels into EIA-232 levels.
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Function Tables

EACH DRIVER

NPUT | CUTPUT
TIN TOUT

L H

H L
H = righ leve, L= =]
leval

EACH RECEIVER
IMPUT | OUTRUT
RIN ROUT
L H
H L
H = high leved, L= (AN

lzvel

Table 5.1 Functional tables of MAX 232 IC

logic diagram {positive logich

11 b
TAIM T4OUT
A0 ] T
T2iN : TROUT
12 13
RICUT fig RN

9 g
R2ZOUT » 4 RN

Fig 5.3 Logic Diagram(positive lpgic) of Tx and Rx in MAX 232 1C

ler transmitter pin is connected in the MA X232 T2IN pin

In this circuit the microcontrol
Then T20UT pin 1s connected 1o

t Sv TTL/CMOS level to RS232 level.

which converts inpu
onnector which is directly conn

reviver pin of 9 pin D type serial ¢

ected to PC.

R2IN of MAX232 through transmitting pin of 9 pin
level. The R2OUT pin is

In PC the transmitting data is given 10
| to 5v TTL/ICMOS

s the RS232 leve

D type connector which convert
er. Likewise the data is trans

eceiver pin of the microcontroll

ller and PC or other device vice ve

connected to r mittec and received
between the microcontro rsa.
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absorbed by the rear analyzer. The observer sees a black character on & sliver gray background.
When the electric field is turned off, the molecules relax back t0 their 90 degree twist structure.
This is referred to as a positive image, reflective viewing mode. Carrying this basic technology
further, an LCD having multiple selectable electrodes and selectively applying voltage to the

electrodes, a variety of patterns can be achieved.

6.2 INTERFACING LCD:
i3l CONTROLLESR
=gl
i;m L peo )
= PE1 Pt
g2 PEZ =82
el , *;= :f;j
£BS Pz iy
‘;3% FES FAE
RET : :ﬁ%—‘z x:é;
T r EEE fata= 25D
Yo ::gﬁ =
&’(‘9"/ .,
NTALD 7 |
- 3] wraL ] T
FO o POE oo =y
=== £ PO R e
FOE ) & P2
=03 7 Fo2 FOE i iz
S ENETE b e T
S '3 PO oA o) ST
al™2 134 pos B | Ee-
ATregstsd
Lo
k) b
B o
H5I30H §3H

CONYE

Fig 6.2 Circuit Diagram showing interface petween LCD to nC
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6.3 DESCRIPTION

The display used here is 16x2 LCD (Liquid Crystal Display); this means 16 characters
per line by 2 lines. A very popular standard exists which allows us to communicate with the vast
majority of LCDs regardless of their manufacturer. The standard is referred to as HD44780U,
which refers to the controller chip which receives data from an external source (in this case, the
Atmegal64p) and communicates directly with the LCD. The 44780 standard requires 3 control
lines as well as either 4 or 8 I/O lines for the data bus. Here we are using 8-bit mode of LCD, i.e.,
using 8-bit data bus. The LCD display requires a power supply of 5V. It is interfaced with
microcontroller through port C and port D. The microcontroller is programmed to dispiay the
current location GPS coordinates. This is helpful to preprogram the Database in the server. The

three control lines are referred to as EN, RS, and RW.

The EN line is called "Enable.” This control line is used to tell the LCD that we are
sending it data. To send data to the LCD, our program should make sure this line is low (0) and
then set the other two control lines and/or put data on the data bus. When the other lines are
completely ready, bring EN high (1) and wait for the minimum amount of time required by the
LCD datasheet (this varies from LCD to LCD), and end by bringing it low (0) again.

The RS line is the "Register Select” line. When RS is low (0), the data is to be treated as a
command or special instruction (such as clear screen, position cursor, etc.). When RS is high (1),
the data being sent is text data which should be displayed on the screen. For exampie. to display

the letter "T" on the screen you would set RS high.

The RW line is the "Read/Write" control line. When RW is low (0), the information on
the data bus is being written to the LCD. When RW is high (1), the program is effectively
querying (or reading) the LCD. Only one instruction ("Get LCD status™) is a read command. All

others are write commands--so RW will almost always be low.
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CHAPTER 7
MICROCONTROLLER CODING

7.1 AVR STUDIO:

AVR Studio is used by embedded programmers for programming and debugging for
many of the Atmel microprocessors such as the Atmega8 or even the Atmegal64p. While it has
support for assembly programming for those who prefer to use higher languages, it uses the
COFF format for debugging. Beginning with version 4 AVR Studio has now moved to dwarf2,
and can be more readily used in conjunction with the open source GCC based compiler

WinAVR.
7.2 ALGORITHM:
Step |
« Include all necessary library functions.
. Declare global functions to send message through the mobile.

« Declare other global variables for iteration, to store GPRMC string, latitude and longitude

data, count time.
Step 2
«  Start main function.
. TInitialize port D as output port.
« Set the timer/counter values as requires from the datasheet.
. Set the baud rate for the GPS and GSM mobile for serial communication.
Step 3

«  Get the GPS data from the GPS module through serial port_1, copy it toaonc

dimensional array.

« Check whether the received data has GPRMC string, which starts with * SGPRMC’
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. Keep checking the data till this string is obtained.

GPRMC string and store them is two

+ Separate the latitude and longitude values from the

separate arrays and show the same on LCD display.

Step 4

th GSM mobile using ‘AT

« Initiate the microcontroller serial communication wi

commands’.

«  Send the 10 digit GSM mobile number (DATA BASE) to which the message should be
sent.

« Using ‘AT commands’ initiate SMS service by ‘AT+CMGS’ command.

«  SMS the latitude and longitude array, obtained from the GPS module.
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7 3FLOW CHART:

Including Required Library Functions

Declare Necessary Variables and initialize them

DeclarePortD as Output Port

e
e
/ Is 1‘eceived,\ NO

< daralength >P,_-—’—,#-.~,’,;ﬁ,_- ,,,,,,,,,,,,,,,,,,,,,,,,,,,, -

~ -

Ry e
\/ YES

g fromthe received data

fro

the GPRMC string

e B

from the previous array

_____ et

Copy the Latitude value and lon gitude value fromtney

T
Send the latitude and longitude values to GSM mobile through serial \

port_Ousing AT commands

[
P . [
getothe specified mobile |

[ — .
Using cAT=+CMGS’ command, send messa
number (Coxmected 1o Database)

SRR A

7.1 Flow Chart for nC Coding
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CHAPTER 8
JAVA CODING
8.1 INTRODUCTION

Java is used in a wide variety of computing platforms from embedded devices and mobile
phones on the low end, to enterprise servers and supercomputers on the high end. Java is used in
mobile phones, Web servers and enterprise applications, and while less common on desktop
computers, Java applets are sometimes used to provide improved and secure functionalities while

browsing the World Wide Web.

Writing in the Java programming language is the primary way to produce code that will
be deployed as Java byte code, though there are byte code compilers available for other
languages such as JavaScript, Python, and Ruby. Several new languages have been designed to
run natively on the Java Virtual Machine (JVM), such as Scala, Clojure and Groovy. Java syntax
borrows heavily from C and C++, but object-oriented features are modeled after Smalltalk and
Objective-C. Java eliminates certain low-level constructs such as pointers and has a very simple
memory model where every object is allocated on the heap and all variables of object types are

references. Memory management is handled through integrated automatic garbage collection

performed by the JVM.

The heart of the Java Platform is the concept of a "virtual machine" that exccutes Java
byte code programs. This byte code is the same hO matter what hardware or operating system the
program is running under. There is a JIT compiler within the Java Virtual Machine. ot JVM. The
JIT compiler translates the Java byte code into native processor instructions at run-time and

caches the native code in memory during execution.
JAVA SWING:

Swing was developed to provide a more sophisticated set of GUI components than the
carlier Abstract Window Toolkit. Swing provides a native look and feel that emulates the look
and feel of several platforms, and also supports a pluggable look and feel that allows applications

to have a look and feel unrelated to the underlying platform.

42



Third ARG
: POINTING: LATITUDE LONGTITUDE

POINT

TIMEING

i

ADDUSER

Fig 8.1 Window created using JAVA Swing program

8.2 DATA BASE CREATION:
SQL:

« SQL stands for Structured Query Language

« SQL lets you access and manipulate databases
ard

SQL is an ANSI (American National Standards Institute) stand

43



SQL FUNCTIONS:

e SQL can execute queries against a database

« SQL can retrieve data from a database

« SQL can insert records in a database

« SQL can update records in a database

« SQL can delete records from a database

o SQL can create new databases

o SQL can create new tables in a database

« SQL can create stored procedures in a database
e SQL can create views in a database

e« SQL can set permissions on tables, procedures, and views

Although SQL is an ANSI (American National Standards Institute) standard, there are many

different versions of the SQL language.

However, to be compliant with the ANSI standard, they all support at least the major
commands (such as SELECT, UPDATE, DELETE, INSERT, WHERE) in a similar manner.

SQL often referred to as Structured Query Language, is 2 database computer language
designed for managing data in relational database management Systems (RDBMS), and
originally based upon relational algebra and calculus. Jts scope includes data insert, query,
update and delete, schema creation and modification, and data access control. SQL was one of
the first commercial languages for Edgar F. Codd's relational model, as described in his
influential 1970 paper, "A Relational Model of Data for Large Shared Data Banks". Despite not

adhering to the relational model as described by Codd, it became the most widely used database

language.
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8.3 AUTO UPDATING CONCEPT:
Java program is the front end user interface to the project. 1t communicates with the GSM
mobile through serial communication, using AT Commands. It can read the message and deletes

the message using this AT Commands.

SQL is the back end on the PC, which is a data base collection, which is partially filled
during the implementation, and the rest is updated during the program run. The bus stop
locations are fed into the database initially along with the time taken by the bus 10 teach there
from all other stops. The current location of the bus will be loaded dynamically during the

program run period.

When the message is received from a GPS module in a bus, it identifies the message, which

5

starts with a “* sign and automatically updates the current location of the bus into the database.

8.4 AUTO REPLY CONCEPT:

When the message 1s received from the user, which mentions his/her current location, the
program will find the time that will be required by the bus to reach the mentioned location. This
is done by comparing the user’s location and the bus’s current location. This time will be sent to

the user, from which the request has been made.

It is possible to read one message at a time by these AT Commands, which is received at
first. Hence once the message is read from the GSM mobile it will be deleted automatically by
using AT Command in order to read the next message. This operation 1s done automatically for
every message. Once all the messages ‘n the inbox are read, the program waits for a minute
before terminating. In case if any message 1S received during this time, it’ll perform the required

operation.
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CHAPTER 9

POWER SUPPLY

9.1 INTRODUCTION
The ac voltage, typically 220V tms, is connected to a transformer, which steps that ac
Il-wave

of the desired dc output. A diode rectifier then provides & fu

voltage down to the level
rectified voltage that is initially filtered by a simple capacitor filter to produce a dc voltage. This
resulting dc voltage usually has some ripple or ac voltage variation.

ns the same dc value even if the

removes the ripples and also remal
hanges. This voltage

A regulator circuit
the load connected 10 the output dc voltage ¢

input dc voltage varies, of
egulator 1C units.

regulation is usually obtaine

d using one of the popular voltage r
9.2 BLOCK DIAGRAM DESCRIPTION:

RECTIFIER FILTER IC REGULATOR

k diagram of Power supply

TRANSFORMER

Fig 9.1 Bloc

9.2.1 Transformer
p down the power supply voltage (0-230V) 10 (0-6V)

The potential transformer will ste
will be connected to the p

recision rectifier,

Then the secondary of the potential transformer

p-amp. The a
the circuits will give only

level.
on rectifier are it

h is constructed with the help of 0 dvantages of using precisi

whic
RMS output.

will give peak voltage output as DC, rest of

9.2.2 Bridge rectifier
ed as shown -in figure, the circuit is called as bridge

When four diodes are connect
of the network, and

tifier. The input to the circuit is applied to the diagonally opposite corners

two corners.

rec
the output is taken from the remaining
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8.5 ALGORITHM

Step 1

Step 2

Step 4

Check for the message in Inbox of the mobile using AT commands through the serial
connection.

If message is present, read the message using “«AT+CMGR=1" command.

Check whether the message is from the GPS module in the bus or from the user.
If the message is from GPS module in the bus, call the auto update function.

If the message is from the user, call the auto reply function.

in the auto update function, store the received location of the bus in a table.
Find the current location of the bus by comparing coordinates of each bus stop with the
received coordinates.

Store the current bus stop details is another table, where the bus is located.

In the auto reply function, check the location of the user based on the codeword for each
bus stop.

From the auto update function, obtain the details of the current bus location.

Send message to the user using ‘AT Commands’ through the serial connection,

containing the information about current location of bus and the time taken oY it to reach

the user location.
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93 WORKING PRINCIPLE:

Let us assume that the transformer is working properl

point A an

and reverse bias D4.

and D1 are forward biased and will allow current flow to pass

reverse biased and will block current flow.

23 AC

&
i

-+ 5V POWER SUPPLY

2300 AC

d a negative potential at point B. the positive potential at point

y and there is a positive potential, at

A will forward bias D3

The negative potential at point B will forward bias D1 and reverse D2. At this time D3

through them; D4 and D2 are

i
1O

by

+ 12V AND <12¢ POWER SUPPLY

i 7g1z B

_— m
AXINADTT

18

L

g

(GO

R3]

pa
&

A

Fig 9.2 Circuit diagram (Power supply)
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9.3.1 IC voltage regulators

Voltage regulators comprise a class of widely used ICs. Regulator 1C units
contain the circuitry for reference source, comparator amplifier, control device, and overload
protection all in a single 1C. IC units provide regulation of cither a fixed positive voltage, a fixed
negative voltage, or an adjustably set voltage. The regulators can be selected for operation with
load currents from hundreds of milli amperes to tens of amperes, corresponding to power ratings

from milli watts to tens of watts.

A fixed three-terminal voltage regulator has an unregulated dc input voltage, Vi, applied
{o one input terminal, a regulated dc output voltage, Vo, from a second terminal, with the third

terminal connected to ground.

From
Transfonner
secondry

GND

Fig 9.3 Simple circuit diagram of 1C Voltage Regulator

The series 78 regulators provide fixed positive regulated voltages from S to 24 volts.

Similarly, the series 79 regulators provide fixed negative regulated voltages from 3 to 24 volts.

e ForlCs, microcontroller, LCD -------=- 5 volts

e For GPS ---------- 12 volts
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CHAPTER 10
ADVANTAGES

This project is very useful to passengers (users) because they can casily identify the

location of the bus.

This project helps to bring about an efficient public transport system thus enabling more
passengers to opt for busses rather than private vehicles. This brings about a lot more
advantages such as less traffic congestion, less usage of fossil fuels, better control over

the traffic, etc.

Low power consumption by the device in vehicle.
Easy monitoring of the public transport system.
Enables passenger friendly public transport systems.
Saves time for public vehicle users.

Less traffic congestion in the cities.
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CHAPTER 11
CONCLUSION

In cities across the globe, the personal automobile is the single greatest polluter, as
emissions from a billion vehicles on the road add up to a planet-wide problem. Driving a private
car is a typical citizen's most air polluting activity. The negative effects of automotive emissions
are maximum when you sit in traffic surrounded by cars, their engines idling. Everyone sitting in
a traffic jam is geting poisoned. The study concludes that since pre-industrial times. |5 percent

of the RF caused by man-made CO2-emissions has come from the transport sector.

Implementing this project helps to minimize the number of private vehicles such as cars,
motor bikes, there by decrease in the pollution due to automobiles. Also it reduces the traffic
intensity during the busy hours. The percent of RF can be reduced to 10% from the actual

current value of 15%.
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CHAPTER 12
FUTURE SCOPE

This project currently uses a front end Java program and back end data base in SQL,
which is related to one particular city. Data related to each bus stop is to be fed initially into the

data base manually. And also provides only GSM communication with the users.

With the increase in the usage of Internet, GPRS, WAP connections all around the world,
in near future this project can provide access to the bus locations through online. User can view
his/her required bus information online. This makes this project even more User friendly as all
GSM mobiles are now having the access to online, which is quite fast and cheaper than
conventional SMS system in GSM. Also the bus routes in all cities throughout India can be fed
into one single application on online, so that the new user in the cities can view online which bus
goes where, along with finding of the location of the bus and time to reach the bus stop. Also

with less effort new bus stops can be added, without editing the whole database.
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APPENDIX ~ I

e

AVR505: Migration between ATmega16/32 and

ATmega’ 64P/324P/644P
Features
. General porting considerations
Memorias

. WO Mapping and SRAM
EEPROM Programming

. Fyberasl 37 Kz Wateh Crystal

. Changes To Register ang Bit Names
Fuse Settings

. interrupt Yectors

. {EEE $148.1 (JTAG} Beandary Scan

. Operational Range

1 Introduction

The ATmegalB4P and the ATmeqzI24P are PRW and enranced versions of the
ATmeqalt and the ATmega32 respectively, and ATmegabddP s a new B4KB
device with the same fegtures. An impaortant improvement is the possibiity for low
yoltage operation {1.8V) with ATmegm&?;BMPﬁSM? ard decressed power
consumption. ATmeg.a‘liSaiPa‘BEiPsfﬁMP also feaures an exta UsART and can TUn
at freguenciss up to 20 Mitz.

This application note summarizes the differsnces betwesn ATmegalBi3d and
ATmaga‘lﬁ&PdeP‘iGMP and s 8 guide o assist cument AT megalflil users in
converting existing desgns to the AT me«ga'lﬁd?fs‘mpfaéxiﬁ Note that ghectrical
differances such a5 power consumpion and B0 driving capobilities are mot covered
in this document. Refer to the datasheets for detaited information on the devices.
Migration frem ATmegatdd is covered by AYR508: digration from ATmagaddd to
&TmegabddP.

ATmcga‘ledl"!SEJ&WEW oro pin compatiblic with ATmocgal830323, gnd migraticn
petween these devices is possible but ot withie the scope of this application note.
Refer o AVROB3: Replacing ATmegais3 by ATmegalt and AVROE4: Repiacing
ATmegaldld by ATmege32 for further details.
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2 General porting considerations

4 Memories

To maks the porting proness as essy as possible, we reeommend o ahwoys refer o
pegisters and bit pogitions i5ing their defined names, 8% shaclute addresses and
catlues Wiy chisoge o device b device Wien purling u doesigis i s ey oo just
necessary o include he corect definition Hle. Some exemples are shown DEOW.

~o avoid conflicts with added features ot Teg
1egieters that &re maked @8 reserved. Resarved bits should alws
it arosesed. Thig enelngs forward corapatibiity, arid that added feawrs
helr et SIates I not usel.

il

PR

The memory B2eg are the 3370 jor the ATmegalt and the A7m
toF e A gasy and AIME :&p, nence tis 4o rot e
difference in migrating petwesn them. Please nole e gifferent pa
nemeonss as shown it Tabde 3-2.

ol

o

| e
e ST 00 S

Tahie 3-4. Memory S 288,
\ ATregathl GAP \ ATreqad2 AT AR fteneriahddE J

12 ko 32 kS B4 ko |

3
‘ ATrangatBERAP \ ETmeqad?arip Lons g aRd4F

s wonds

4 bytas

4 1O Mapping and SRAM

The HS memcry Space comains B4 addresaes for CPU parigheral soint cloreis
4 Tl

The ATmchG-tPe‘:&E-tF'!DMP WO space and WO rige ars changed anvd sstended
pomparad i ATmags 97 Tre extended V0 space goes Tl e deFSAn 20l

memory space where STISTSISTD and L 5 DSILDD instructions musts

The memory meap s stightly  differsnt hetwaen the ATmega
ﬂ‘mega‘iﬁ#%ﬁ.’&#ﬁft‘dép due to ertended WO space. The ATmeds

witarmal gatn ShAM addresang sans al GG 85 oPpDesd 10 UL 0 £




5 EEPROM Programming

in ATrmegalidial EEPROM data DEOGIAMETInG is dore in one atemic aperation, i
ATmegal 54PI324Pi644P it is zlso possible to split the srase and write operations in

" two giferent operations. The typical EERROM programming dmes are oieo reduced
in ATmegal BAPIZT4ARIBAAT.

Table 54, CEPROM Programming Tione.

‘ ATmegal&i3Z \ ATmegal GAPII24PIG44P
Humber of Typical Wurmber of Typical
Calibrated RC Programming Calibrated AC Programming
Ogoiiator Cysles Tirne Oeailiator Syhes Tirne

EEPROM write
‘ 448 5 ms
m CPU \ 2448 \ ¢.5 ms

6 External 32 kHz Watch Crystal

when operating tha tirnericourdar from an sxtemnal 3L788 RHZ waich o
axternal clock sOuUrte, extemnal capaciors might be needed o the TO5 C1Z ping
when using ATmegMMPB.’M?IGM?, as apposed o ATmegali3Z where the crysta
can be connected girectly bebtween the pins. The internal  capacitancs of
A‘!mega’iéd?ﬂ?d?iﬁup jow-frequency oscillator s typically 5pF. hut the tracks fo
the crysial will add soms additional capasitance. Refer to the datashest for detalis of
crystal connections.

3l of an

The low fequency crysial oscillaior of the ATmegal BAPIAI4PB44P g aptinized for
very low power consumption and thus the crystatl driver strength is reduced comp ared
o the &Tmegatsid2. This means that when salecting a crystal, its lnad capacitance
and Equisalent sarigs Resistance (ESR) must e taken into consideration. Both
values arns gpecified by the crystal wendor. Table £-1 shows UOF E5R
recomimendations for ATmegatl BAPA2ETE4ST.

Table 6-1. ESR recommendation 327658 kHz crystais with AT megmt34F*.*’324P;‘644F‘.
Crystal CL [pFl Max ESR Bl

Mote: 1. The values stxted anz for an oscilator aiowsanne safaty rmargin of 5. Since e
oocilaior's transconductanss is temperature compensaied on2 o308 UER A safety

margin of 4, thus giving & max ESR of G0, 80 and 46 kO respectivaly.

For examples of crystods that comply with e requirements Se3 Sopendi A

BRI C~ANR-DB/EE
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The sisrtup imes are also increased as shown in Table 8-2.

Table 6-2, Siartup times with 32768 kHz crysials.
Startup time” [ms} Startup time [ms]
ATmegatblidd ATmegal SAPIIZAPIGA4P

400

Note: 2. Crystals usialy need ~3000ms before they arg completsly stabie with any
oscillator design. The time siated is before the crysia) is runring witr 5 sutficiant
ampiitude and frequency stabilty.

7 Changes To Register and Bit Names

7.1 Registers

4

AVRS505

geyveral modifications. have been dong I register and Wit naming conventions
hetween ATmegatB/32 and ATmega’iﬁéP!Bﬁ«SPiGMP. The iocations of the registers
are changsd considgerably.

Table 7-1. Changss lo Regigter Names and Locations.

Address in Register Name s
Address in Register Name ATmega‘éSdeB?AF‘f ATmenalBAP3I2APS
ATmegaibid2 | i ATmegal&i32 644P Ed4F
$3C [550) OCRD | 327 {347} ORI
335 ($58) GICR \ 317 {330) £ aEr
S3A (358 GIFR $1C (530}
733 (359 THAEK {3EE)
{56F)
18T
338 (SEE) TIFR $15 (335
318 {326
$97 {337
737 (36T SFMCR 537 {357
$36 (350} TWCR 13EC)
$35 (355} MOUCR §33 (353
155
$34 (3547 MCUCER 534 (554}
533 (853 TCORD 524 (3441
‘ TCNTD FI8 {546 ToRTO
531 (351 OSCCAL 585}
OCDR 31 (351
$30 (3507 | SFIOR | (57E)
SIF (34F; |  TCCRiA 1380
$OE (S4E) TCCRYE [581:
520 (340 TONTIH (585
$2C (84T} | TONTIL (584
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AVR505

fddress in Register Mame in

Address in Register Hame ATmegat GAPII2AP ATmegat B4F/324P7
ATmegal®i32 | in ATmegalsi32 B44P 544P
S2E (34B] DCRLAM 1388 QCRIAR

e | eema | we |

R o | ocme |

328 {348
§25 (340

Wm

1558}

TCHTZ2

B N TR M-
o W -
$20 (3401 \ UBRRH {508
UOSARC {3C2)
SiF gaF; | EEARH 327 (3420

10 {320)

1A {BIA}
310 (535

PlIHA

518 {538

| rorTE

CDRB
#1538 | PORIC 308 (528) “
$4 (534) DDRC $07 (327} “
$13 (523} PING 06 (526 “
[ s12i532) FORTD | $08 (528} m
s oorRo_ | 304 (324) “
$10 {530} prD | S0 {529 “
SOF ($2F) %PDR $2F {345} “
$0C 52C) UDR (SCH) m
S0 (328) LOERA 1500 m
[ soasea LCSRE 5C W
$08 (528} UBRRL {sc4) m
308 (328) 50 (350) “
$07 (527} MDY B7C) m
sz | mocsra | 574 [ eocere |

/‘

S IC-SFAIGTE

A-6



7.2 Bit Definitions

6 AVR505

Address n Register Mame in
Address in Register Name ATmega‘iﬁaP,‘ZﬂdPi ATmegatEaPia24P1
ATmegattld2 | in ATmegatbil2 G44P A4F

$05 (575}
$04 (524
$03 (523} TWOR
[ smzgazn_ | TWAR
$01(521) TWSR
380 {5201 TWER

ADCH

Wote: 3. Some of tee register bite may b jocated in another register of iz win pamnes are

changed, ses Tabiz -2,

Some hits 0 ATmegaﬁSin’i«?&H%ﬁP have changed nameg &03 reg ster jocation
comparad to ATrmegeiBi32, other bits have changed location within the regialer.

Table 7-2. Changes o Bit Names and Locations.

Register in Bit Wame in
Registerin Bit Hame in ATmegatBiPi3z4ri aTmeqgaléd pPi324pieda
ATmegaledZ ATmegaisi32 B44F P

GICR IBEL, fWCE MCUCR PSEL, WHE

TIRER OCIER TiBESK2 QOIEZA
TICIE® TIMEK WAET
OCIED THASKD QUIEDRA

MCUCER

TCORD FOCE

ORI TOORDA
SOMDL TCCREA
pedcinie) TCITRLB
CEDY TOORLE
2500 ToCREB

PUD
PERZ
PSRID

MOUCR
GTCOR

COMZ 24,
COM2D TCCR2A
oE2Z TCCRZB
CBZ2Y TCORIB
CE20 ToOGRIB

SO0 C-NUF-DETE



ﬂ

8 Fuse Settings

SIBAC-ANR-IE0E

AVRS505

Register in Bit Hame in
Register in Bit Hame in ATmegaiBsPII24PY ATmegatG4FIIZ4PIE84
ATmegaidld2 ATmegalsid2 B44P P
ABER OCR2UB ABER QCRE2AUE
TORAUZ ‘ TCRIAUE
WDTOE nia nia
UBRRH URSEL nia ria ™
UCRSO URSEL nia’’ prat
UMSEL LBCSRIC LIMSELDD
UPR1 LUCBR1C UPROD
UPK3 LCSRIC UPROG
USBS LBCSHEDT IZBE0
WCBZt VCSRIC
UCSEZ LBCSRAT UCSZ1D
UCPOL (Setciziiied
UCSRA RXC UCSREA
TXC
SORE
FE
DOR
FE
wax
PO
UCSPB RATIE UCSREE
TRCIE
LITRIE
RYXEN
Mete: . The funotion of  thiz bt has & difforant imglorsrtation in

ATemegsd B4FIIZ4RIBA4P. Refar to datasheet for detalis.

ATmegaissP324P/644P has foar fu
features ir ATmegal 54P{324PIE44P imply other

Table 8-1. Comparing Fuses.

s& byies instead of two in ATmeca15/32. MNew
ses and fuse setings.

ATmepgal b2 ATmegalbiaz ATmegatS4PI324P¢ ATmegat84PI324FY
Fuse Default Setting S44P Fuse G44P Default Setiing
o - EADLEVELZ | 1
5 32 - - BOLLEVEL 1
o & EODLEVELD i
- - - WOTON 1
£ Td| OKOPT i ] l
> - - LT
5, SHDIVE | :
y | BODLEMEL ¢ ] l
= BODEH : . |

ATMEL
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9 Interrupt Vectors

8 AVRS505

AIMEL

\ ATmegatiidz ATmegatbid2 ATmegalB4PIIzZap! ATmegal E&Pf?»?&t?i\
Fuse Dafault Sciting SAAP Fuse SAAR Default Sething

I - CKOLT \

\— CKSEL! o CKSELY 1

| cksew ; CKSELD c

adaresss

The ATmaszﬁ-inSEdeﬁM? hias 31 indarmupt vectors, located af diffe 3
: and the

than the ATmegaltsi32, which nas 21 interupt vesors. The ATms
ATmegal? sise have different interrupt tables as showt in Table -1

The sdditonsl interrupt yvectars ore due o SXUB periprerais nol found On
ATmegalfiaz

Table 94, Interrups Tabie.

Veotor# | ATmegaté ATmegad? ] A'FmegaieAPIEZ':leMP“
s | RESE” RESET | REsET B
2 |0 INTC | m7e |
3 BT 1 INT1 W1
4 TIMERZ_COME T2
5 TIMERZ_OVE TIMERZ_COMP
[%] TIMER1T _CAPT TIMERZ_OWF ST
7 TIMERT_COMFA TIMER §_CAPT | romT2 t\
3 TIMERT_COWMPE TERT_COMPA | ‘}
g TIMERT_OVF TIMER:_COMPE
0 TIMERD_OWF TSER1_CNF
T QP_RETN T‘EN‘FRﬁ_{TﬂM\F‘
1z USART_RAC TIMERD_OVF
13 USART_UDRE SPI_STC
14 USART_TXC USART_RXC
15 AT USaRT_SORE
18 EE_RDY USART_TXC l
17 AbeA_COMP ADC | ImERD_CanFa
1w | TWI EE_RDY | rwsERo_compPe
R WNT2 F\NA_CC&\?F’ ‘ TIMERD_OWF
20 TIMERD_CCRP Ty | @i s7c
21 SFN_ROY SPN_RDY | usaaTe_Rx
g B | uzemTo_LoRE ﬂ
| |
25 ; l -

25 |-
27 |- ]




AVR505

Vector # ATmegatt ATmegal2 ATmega!64P324P/€44P
28 - SFM_REATY
i - -
eti] -
3% - -

10 |IEEE 1149.1 (JTAG) Boundary Scan

11 Operational Range

12 Appendix A

The boundary scan has changed in ATmega 184PI324P1E44F where anaiod cirouits
no longer constitute a part of the scan chain. The order of the signal namss in the
boundary scan has also changed. Refer to datashest for details.

Table 11-1. Operating voliage and Speed grades.

Operating Voltage Spesd Grade
ATmegal8/32 4 B8 8 0-18 MHz
ATmegal8/ 320 2788 C-2 Wiz
ATmega | S4PE24PE4MP 27-8.5 C-Z0 MiHz
ATmegs 1 BIPVIZEPYB44FY 1.8-5.8Y £-1C Az

Table 12-1 is & selection of crystals that meel the ESR requirements of the
ATmegaiB4Ri324Pi544F . The crysials are tisied based on datasheet information and
are not tested with the actual device. Any other orystal that complies with the ESR
requiremtents can also be used. Availability and RoHS compliance has net been
investigated.

Table 121, Examples of crystals compliant with ATmenais4Pi324PI644P low-irequency Crystal Oacillator.

Equivalent Series
Wounting Freguency Lwad Capacitance Resistance {(ESR}
Vendor Type {SMIDMHOLE) | Tolerance [xppm] pF} [hiz}
C-MAC WATCH CRYSTALS HOLE 0 & e
C-RAC BESMX S0 24 [ el
C-MAC BOSHIX BMD 24 & 20
ECLIPTEK E4WC HOLE et 8 B
EMDRICH GOBMX BMD 5 & &0 |
EFSON C-00R HOLE 20 & - 125 {speaify) tal
EPSON C-DOZRX HOLE jeidl G -» 10 ispectfy) 50
EPSOR S-004R HOLE 20 g = 10 (specify) 50
EFPSQOK C-008R BOLE 30 § = 10 ispecity) S0
EPBON WC-304 BMD 24 & -= 10 (specify) 50
EPSOR MC-308 SO 30 5 - 10 (specify) S0
EPSOR WC-405 ERD 20 G -» 10 {specify’ 0
AIMEL s
BIS1C-AVR-O606 e —
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’

b}
Equivatent Series
Woanting Frenjuency Louad Caprasitanue Rewistanue (E3R}

Vendor Type {SMDIHOLE) Tolerance [tppm} pF] 089
EPSON MC-40E SMD 20 8-> 10 (specty) | &
GOLLEDGE WX HOLE 5 B Bor 128 |

GOLLEDGE G5WX-26 SMD 10 5. Bori28 |

fate ik Rata e w [a7a) 8 1oLe 10 ‘ & ‘ 40
GOLLEDGE BER-200 SHD 5 l B |

an WATSH CRYSTALS HOLE 20 \ g

oo SOSNX HOLE 10 \ B

an B1SKX HOLE 19 g |
MICROCRYSTAL | ME3W-TIR HOLE 20 T or |
[MICROCRYSTAL | MB2V-TIR HOLE 20 Tard ‘
MICROCRYSTAL |CCAV-TIA SMD an 5 | !
WMICROCRYSTAL |COIV-TIA ZMD 20 5 | =
WMICROCRYSTAL |OCTv-TiA SMD aq 8 0
MMD Wess HOLE 2 B 2

RAME WCal HOLE 2 8 8
MAD WSS HOLE 8 3 40

MO WCSMO SMD 20 8 5 ﬂ

CECILENT SERES 111 HOLE 19 & or 108 in

CSCILENT SERES 112 HOLE 19 & or 12.8

DSCILENT SERES 112 HOLE 12 2

OSCILENT SERES 222 ZMD 0 ] g

RALTRON SERES R3E HOLE 5 | merras

RALTRON SERES REC HOLE O O 120

RALTRON SERES R146 HOLE e 3

RALTRON SERES RSE A, B, C. D SMD 20 g

SETRON SA%-13 SMD 20 \ 5
| seTROM SEX20 SMD 20 ‘ 8

SETROMN 3BX-21 SMD 20 B

SBETRON SEX-24 SMD 20 8

SETRON SEX-Z3 D 20 g

SETRON SEX22 SMD 20 &

SETRON SEX-14 HOLE 20 &

SUATSU SCT HOLE 20 B & 10or 12

SURTSU SCT2 HOLE 20 8.8, 0

SUKNTSU 5CT3 HOLE 20 5.8 10

SURTSU sce D 29 £

S1RTRLE SOTMR RATY ] foar i

10
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