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Abstract

Nowadays there are so many transportable companies that big amount in their expense spent by
drivers. Also, some companies faced problems about investigating driver’s behavior. Therefore, in order
to decrease their expense, they need to track and investigate their driver’s behavior. This project
presents an application of GPS (Global Positioning System) for investigating driver’s behavior whether
they drive out of area that make higher expense per time of transportation or not. This application
program uses electrical circuit for recording transport route, waming base station when vehicle is out of

area via mobile modem and informing present position of vehicle.
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NMEA Record Description
GGA Global positioning system fixed data
GLL Geographic position — latitude / longitude
GSA GNSS DOP and active satellites
GSV GNSS satellites in view
RMC Recommended minimum specific GNSS data
VTG Course over ground and ground speed
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GGA (Global Positioning System Fixed Data)
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$GPGGA,161229.487,3723.2475,N,12158.3416,W,1,07,1.0,9.0,M,,,,0000* 1 8<CR><LF>

Name Example Units Description
Message ID $GPGGA GGA protocol header
UTC Position 161229.487 hhmmss.sss
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=east or W=west
Position Fix Indicator 1
Satellites Used 07 Range 0 to 12
HDOP 1.0 Horizontal Dilution of Precision
MSL Altitude 9.0 Meters
Units M Meters
Geoid Separation Meters
Units M Meters
Age of Diff. Corr. Second Null fields when DGPS is not used
Diff. Ref. Station ID 0000
Checksum *18
<CR><LF> End of message termination
Value Description

0 Fix not available or invalid

1 GPS SPS Mode, fix valid

2 Differential GPS, SPS Mode, fix valid

3 GPS PPS Mode, fix valid
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B GLL (Geographic Position — Latitude/Longitude)

a a a

s & Yy v £ gy =2 o { aw
isaeiatlsznouAlsteyasalduondadiumuania azdAye, aeeiye, NN,
o o o [} 4 { o
na1, uazaauzlumsiudygiu (Staws) Taedlsdisveusassalueausa (GLL) Nlugasy
9 ]
dyanuifieadesnuiegl Tassadrauiludsil (@ms19i 2.3 1sznew)

$GPGLL,3723.2475,N,12158.3416,W,161229.487,A*2C<CR><LF>

Name Example Units Description
Message ID $GPGLL GLL protocol header
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=east or W=west
UTC Position 161229.487 hhmmss.sss
Status A A=data valid or V=data not valid
Checksum 20
<CR><LF> End of message termination

a v A S o
AT 1NN 2.3 mummmlawauuaﬂagiutiﬂaimuaauaa

B GSA (GNSS DOP and Active Satellites)
s 4 Yy 9 £ 99 2 o ' Ao a a a
saesaihlszaoumestoyagilsventedumnisiiaazAye, anelge, Aian,
n, wazaniuzlunsiudyyin Tasdredaveusnesaliodie (GSA) filugasudyauifier
. o = » v
deeonuvziilnssaiuiludeil (gais1eh 2.4 Uszaow)

$GPGSA,A,3,07,02,26,27,09,04,15,,,,,,1.8,1.0,1.5*33<CR><LF>

Name Example Units Description
Message ID $GPGSA GSA protocol header
Mode 1 A “
Mode 2 3 e
Satellite Used 07 Sv on Channel 1
Satellite Used 02 Sv on Channel 2
Satellite Used Sv on Channel 12 \

o Y d‘ (] J
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PDOP 1.8 Position Dilution of Precision
HDOP 1.0 Horizontal Dilution of Precision
VDOP 1.5 Vertical Dilution of Precision
Checksum *33
<CR><LF> End of message termination
Value Description
1 Fix not available
2 2D
3 3D
Value Description
M Manual-forced to operate in 2D or 3D mode
A Automatic-allowed to automatically switch 2D/3D

= 1 3y o 1 d
AT NN 2.4 (D) ﬂTl111’7MWU‘UBQ%E]QZWIBg‘luliﬂﬂiﬂmﬂﬁlﬂ

B GSV (GNSS Satellites in View)
BT &y Yy g £ q9 =< 1 a sy Yo
nasatilsznoulddlsdeyadaldventsminiunatinaieg #ldsSuein
auftonifieai lugasudynaldlasdedaveusnesadiodd (GSV) Alugasudygudied
daoanin sziilassaduiludeil (gn193197 2.5 1lsznew)
$GPGSV,2,1,07,07,79,048,42,02,51,062,43,26,36,256,42,27,27,138,42*71<CR><LF>

$GPGSV2,2,07,09,23,313,42,04,19,159,41,15,12,041,42*%41<CR><LF>

Name Example Units Description
Message ID $GPGSV GSYV protocol header
Number of Messages 2 Range 1to 3
Messages Number 1 Range 1to 3
Satellites in View 07
Satellite ID 07 Channel 1(Range 1 to 32)
Elevation 79 Degrees Channel 1(Maximum 90)
Azimuth 048 Degrees Channel 1(True, Range 0 to 359)
SNR (C/No) 42 dBHz Range 0 to 99, null when not tracking

A13190 2.5 ANuMnevesdeyaieglusaosadiodd
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Satellite ID 27 . Channel 4(Range 1 to 32)
Elevation 27 Degrees Channel 4(Maximum 90)
Azimuth 138 Degrees Channel 4(True, Range 0 to 359)
SNR (C/No) 42 dBHz Range 0 to 99, null when not tracking
Checksum *71
<CR><LF> End of message termination

= 1 v = [ d =
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B RMC (Recommended Minimum Specific GNSS Data)
¢ y oy & gy 2 1 o A v
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o @ |- a a a < w ] o ==
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[ E4 ]
(RMO) fiTugasudyanaieadiesnu swiilnssadaiiudadl a5 2.6 sznow)

$GPRMC,161229.487,A,3723.2475,N,12158.3416,W,0.13,309.62,120598,,* | 0<CR><LF>

Name Example Units Description
Message ID $GPRMC RMC protocol header
UTC Position 161229.487 hhmmss.sss
Status A A=data valid or V=data not valid
Latitude 3723.2475 ddmm.mmmm
N/S Indicator - N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=east 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><LF> End of message termination

o Y a s ’d o
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B VTG (Course Over Ground and Ground Speed)

¢ & ] ] 2 q9 =2 a < o I
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Aesadie (VIG) Nlugasuduynifieadiosnin sxlilaseadradiudeil (@ased 27 dsznew)

$GPVTG,309.62,T,,M,0.13,N,0.2, K*6E<CR><LF>

Name Example Units Description
Message ID $GPVTG 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 0.2 Km/hr Measured horizontal speed
Units K Kilometer per hour
Checksum *6E
<CR><LF> End of message termination
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1. Introduction
1.1. Overview

Leadtek GPS 9540 is a high performance, low power consumption, GPS module board
designed for easy integration into a broad spectrum of OEM system applications. This product is
based on the proven SIRF Star II chipset solution technology found in other Leadtek 12 channel
GPS receivers. The GPS module receiver tracks up to 12 satellites at a time while providing fast
time-to-first-fix and 1 Hz navigation updates. Its far reaching capability meets the sensitivity
requirements of car navigation as well as other location-based applications.

The GPS 9540 design utilizes the latest surface mount technology and high level circuit
integration to achieve superior performance while minimizing space and power requirements. This
hardware capability combined with software intelligence makes the board easy to be integrated and
used in all kinds of navigation applications or products. The application system may communicate

with the module board via two RS232 compatible bi-directional communication channels with
CMOS/TTL voltage level.

1.2. Main Features
@ Build on high performance SIRF Star IT LP chipset.
@ Average Cold/Warm/Hot Start time under 45/38/8 seconds.
@12 channels “All-in-View” tracking.
@ Trickle Power enabled for Power Saving.
@ Integrated ARM7TDMI CPU, that is, software engineering services available for embedded
customer defined applications.
@ On chip IMb SRAM on board, 4Mb up to 16M flash memory. (4Mbit standard)

@ Dual TTL level serial ports with one for GPS receiver command message interface, and one for
RTCM-104 DGPS input.

48 GPIO pins with one pin support 1 PPS output.

®Mechanical Size 2.87x1.6"x0.577(71.12x 40.64x14.4mm) compatible with Leadtek GPS
9520/9530.

¥ Reacquisition Time : 0.1 seconds

9 Support Standard NMEA-0183 and SiRF Binary protocol

® Support Accurate 1PPS Output Signal Aligned with GPS Timing
@ Multi-path Mitigation Hardware

9 On-board RTCM SC-104 DGPS and WASS Demodulator

© Optional Data Logging Functions



E& Leadtek®

We Sake Treams s Reality

2. Technical Specifications
2.1. Electrical Characteristics

2.1.1 General
Frequency
C/A code
Channels

2.1.2 Accuracy

Position

Velocity
Time

2.1.3 Datum
WGS-84

2.1.4 Acquisition Rate
Reacquisition
Snap start
Hot start
Warm start
Cold start

L1, 1575.42 MHz
1.023 MHz chip rate
12

15 meters, 2D RMS, SA off

7 meters 2D RMS, WAAS corrected
1-5 meters, DGPS corrected

0.1 meters/second

1 microsecond synchronized to GPS time

0.1 sec., average
2 sec., average
8 sec., average
38 sec., average

45 sec., average

2.1.5 Dynamic Conditions

Altitude 18,000 meters (60,000 feet) max.
Velocity 515 meters/second (1000 knots) max.
Acceleration 4g, max.
Jerk 20 meters/second’ , max.
2.1.6 Power
h GPS 9540 5V GPS 9540 3.3V
Version (TTL) Version (TTL)
Main Power +5VDC + 5% 3.3VDC + 10%
Supply Current 170mA Typical 160mA Typical
Backup Power +2.5Vto 3.3V +2.5Vt0 3.3V

-2
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Daekup Current t

10pA Typical 10pA Typical

2.1.7 Serial Port

Electrical interface

Protocol messages

DGPS protocol

2.1.8 Time-1PPS Pulse
Level
Pulse duration
Time reference

Measurements

Two full duplex serial communication, TTL interface

SiRF binary and NMEA-0183, version 2.20 with a baud rate
selection.

SiRF binary-position, velocity, altitude, status, and control NMEA
- GGA, GLL, GSA,GSV, RMC and VTG

RTCM SC-104

TIE
100ms
At the pulse positive edge

Aligned to GPS second, +1 microsecond

2.2. Environmental Characteristics

Operating temperature range

Storage temperature range

-40 deg. C to +85 deg. C
-55 deg. Cto +100 deg. C
-45 deg. C to +80 deg with battery

2.3. Physical Characteristics

Length
Width

Height
Weight

Antenna connector

Interface connector

2.87(71.12 mm)
1.6”(40.64mm)
0.577(14.4 mm)
25g
MCX type
20-pin straight header, 2mm pitch board-to-board

2.4. Trickle Power Description

The GPS 9540 design supports the SiRF Trickle Power™ mode of operation. In this mode,
the lowest average power dissipation is achieved by powering down the board (after a position is
determined) in such a manner that when it is turned back on it can recomputed a position fix in the
shortest amount of time. Standard Trickle Power operates in three states:

2.4.1 Tracking State



[\Q Leadtek®

W Biuke Direans o Kealiry

In this state, the board is fully powered, tracking satellites, and gathering data.

2.4.2 CPU State

2.4.3 Trickle State

In this state, the CPU is in a low power standby state and the receiver clocks are off with
only the RTC clock active. After a set amount of time, the RTC generates an NMI signal to wake
up the CPU and reset the receiver back to tracking state.

2.5, Push-to-Fix Description

o el

The purpose of Push-to-Fix mode is to support applications where a position fix is only
required when requested by the user (or the application). To support this the board is left in the
Trickle state until commanded to generate a fix.

2.5.1 Power-on State

In this state, the receiver calculates the position once, collects the ephemeris, and calibrates
the RTC before going back to the Trickle State.

2.5.2. Trickle State

In this state only the RTC is running. The supply current is typically <500uA, which
includes the standby current of the baseband IC.

There are three events that can happen which effectively return the CPU to normal operation:

1. Power-on: If power is removed, then re-applied to the board a reset signal is generated by the
CPU supervisor. After the reset has been removed, the CPU will start u » get a fix and return to
Trickle State. This typically takes two to six seconds.

2. Ephemeris Collection: Every 30 minutes the receiver wakes up the CPU to calculate a fix,
collect a new ephemeris, calibrate the RTC and then go to the Trickle State.
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Start) a fix is calculated. Before going back to Trickle State the CPU will check the ephemeris and
the RTC calibration.

Note — The CPU will restart ~ 200-600 mSec after the PBRES input is brought high.

3. Mechanical Dimensions

TO00D /TN /
UE VIEW

LAMRRAL I VAE W

- glep
~ =5 1
af | ! ;
u 1 -~
| !‘ ﬂ::irl:f i
L ‘*‘ﬁ—‘hh; B—
f

\ ANTENNA CONNECTOR S@ QUTSIDE-

\_CONNECTOR




Q Leadtek®

Ye Blnke Do = Realary
.

iMocer GPSY540

Straight MTX

5.00

4. Pin Assignment of Connector
Table I-1 Pin list of the 20-Pin Digital Interface Connector J1)

Pin \ .
Number Name Type |Description
1 ANT PWR PWR | Antenna DC Voltage(notel)
2 VGE 5V PWR | +5 DC Power Input(note2)
3 BAT PWR | Backup Battery(note3)
4 MCGAV PWR | 3.3V DC Power Input(note4)
S PBRES 1 Push Button Reset Input. Active Low
6 GPIO3 I/0 | SW dependent functions (note5)
7 GPIO7 I/O | SW dependent functions (note5)
8 GPIO6 /O | SW dependent functions (note5)
9 GPIOS5 I/O | SW dependent functions (note5)
10 GND PWR | Ground
11 TXA O | Serial Data Output A
12 RXA I Serial Data Input A
13 GND PWR | Ground
14 TXB O __ | Serial Data Qutput B
15 RXB I Serial Data Input B
16 GND PWR | Ground
17 BOOTSEL I Booting Mode Select
18 GND PWR | Ground
19 TIMEMARK/GPIO9 | I/O | 1PPS Time Mark Output (note5)
20 ALT/GPIO15 I/O | Alternative output (note6)

Note: 1) If the module is build-in antenna power type, the pin is no used.
2) If the module is 3.3V type, the pin is no used.
3) Maximum voltage is 1.9V
4) If the module is 5V type, the pin in no used.
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5) Pulled low (GND) through on-board 75K Ohm resister.
6) Pulled high (VCC/VDD) through on-board 75K Ohm resister.

Table 1-2 Pin list of the 10-Pin Digital Interface Connector JP1)

i Name Description

Number
1 GPIOO SW dependent functions (note 2)
2 JTDI JTAG software debug function
3 GPIO10 SW dependent functions (note 1)
4 JTMS JTAG software debug function
5 GPIO14 SW dependent functions (note 1)
6 JTCK JTAG software debug function
7 GPIO1 SW dependent functions (note 2)
8 JTDO JTAG software debug function
9 JTRST JTAG software debug function
10 ‘GND Ground

Note: i) Pulled high (VCC/VDD) through on-board 75K Ohm resister.
2) Pulled low (GND) through on-board 75K Ohm resister.

4.1 VCC_5V (+5V DC Power Input)
This is the main DC power supply for a +5V powered board. (Required for the GPS-9540 5V version)

4.2 VCC_3V (+3.3V DC Power Input)

This is the main DC power supply for a +3.3V powered board. (Required for the GPS9540 3.3V
version)

4.3 ANT PWR

DC voltage for an active antenna. The antenna power may be supplied through the interface connector
(CN1). The current limiting (<200mA) should be supplied externally. If the module is build-in antenna

power type, the pin doesn’t need to use. Therefore, the module is need to use DC voltage for active
antenna.

4.4 GND
GND provides the ground for the board. Connect all grounds.

4.5 Serial Data: RXA, RXB, TXA, and TXB

The board supports two full duplex serial channels. All four connections are at TTL levels, all support
variable baud rates, and all can be controlled from the appropriate screens in GPS Monitor software.
You can directly communicate with a PC serial port. ( TTL level should be turned to RS-232 level )
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4.6 RXA

This is the main receiving channel and is used to receive software commands to the board from GPS
Monitor software or from user written software.

4.7 RXB

This is the auxiliary receiving channel and is used to input differential corrections to the board to enable
DGPS navigation.

4.8 TXA

This is the main transmitting channel and is used to output navigation and measurement data to GPS
Monitor or user written software. :

4.9 TXB

For user’s application

4.10 PBRES

This pin provides an active-low reset input to the board. It causes the board to reset and start searching
for satellites. PB Reset is an optional input and, if not utilized, it may be left open.

4.11 Timemark

This pin provides 1 pulse per second output from the board, which is synchronized to within |
microsecond of GPS time. The output is a TTL positive level signal
This is not available in Trickle Power mode.

4.12 GPIO Functions

Several I/Os of CPU are connected to the digital interface connector for consumer applications.

4.13 Battery (BAT)

This is the battery backup supply that powers the SRAM and RTC when main power is off. Typical
current draw is 10 pA and 1.8Vpc.

5. Applications

Leadtek GPS9540 module board receiver is a high performance, low power consumption

easy integration and not expensive product. It can be now in widespread use about global positioning
system. These applications are as follow.

>

@ Car Navigation

@ Marine Navigation

@ Fleet Management

€ AVL and Location-Based Services
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@ Hand-Held Device for Personal Positioning and Navigation
€ Other Computing Devices at GPS Application

6. Operation and Test
The customers can use Leadtek GMonitor.exe to test the smart antenna. You can change
the data protocol and communication data baud rate for your application using this software. The

software and manual are available for download from Leadtek website, www.leadiek.com.tw.

7. Appendix A

7.1 Other Electrical Specifications

Table 2-1 Absolute Maximum Ratings (5V type)

Parameter Symbol Min Max Units
Power Supply Voltage VCC 5V -0.3 6 \Y
Input Pin Voltage VIN -0.3 5 \Y
Output Pin Voltage VOUT -0.3 3.6 \Y
Storage Temperature TSTG -45 100 C
Table 2-2 Absolute Maximum Ratings (3.3V type)
Parameter Symbol Min Max Units
Power Supply Voltage VCC 3V -0.3 3.6 \
Input Pin Voltage VIN -0.3 5 \Y
Output Pin Voltage VOUT -0.3 3.6 \Y
Storage Temperature TSTG -45 100 '
Table 3-1 Operating Conditions (5V type)
Parameter Symbol Min Typ Max Units -
Power Supply Voltage VCC 3V 4.5 5.0 8. \4
Power Supply Voltage BAT 2.5 3 3.3 \
Input Pin Voltage VIN 0 3.3 \Y%
Operating Temperature TOPR -40 85 °C
Operating Current ICC 170 mA
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Table 3-2 Operating Conditions (3.3V type)

Parameter Symbol Min Typ Max Units
Power Supply Voltage VCC 3V 3.2 33 34 \Y%
Power Supply Voltage BAT 2.5 3 3.3 \4
Input Pin Voltage VIN 0 33 \
Operating Temperature TOPR -40 85 €
Operating Current ICC 160 mA

Table 4 Battery Conditions

Parameter Symbol Min Typ Max Units
RTC(Battery) Power BAT 2.5 3 33 \4
Supply Current 10 LA

Table S DC Characteristics
Parameter Symbol | Min | Max Conditions Units

Input High Level Vih X.2)/% \Y
Input Low Level Vil e 0.8 \Y
Output High Level Voh 24 \Y
Out Low Level Vol 04 v
Input Leakage Current li 2 2 pHA
Input Capacitance 3 pF
Output Capacitance 3 pF
Bi-directional Buffer 3 pF
Capacitance

J1o!
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