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General | nformation

Overview
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This chapter presents a functional and hardware description of the G8 GPS OEM board,
defines the RF interface and the power/input/output signal parameters, and lists power
requirements and environmental specifications.

A G8 Evaluation and Development Kit, available separately, lets you rapidly set up and
operate the G8 to determine suitability for your application. The kit offers:
e A G8 GPS OEM board enclosed in a housing with RS-232 interfaces,

« Easy-to-use connectors,
e A power switch.

The kit can also be used for software development (experimenting with commands, etc.)
and for troubleshooting once the system is deployed. If you have purchased a G8
Evaluation and Development Kit and want to begin working with your kit immediately, go
directly to Chapter 4:valuation and Development Kit, for initial setup instructions.

Functional Description

The G8 OEM board, Figure 1.1, fulfills the need for a low-cost, high-performance GPS
sensor, particularly where the requirements are for reliable positioning reporting in
difficult environments such as vehicle navigation, fleet management, and personal asset
management (tracking of cars, boats, people, etc.). The G8 is designed for system
integration, offering autonomous or DGPS positioning, low power, small size, and the
standard NMEA protocol. The G8 utilizes 5 VDC power and supports two TTL serial
communication ports that are accessible through the I/O connector.

The G8 OEM board processes signals from the Global Positioning System (GPS) satellite
constellation to provide real-time position, velocity, and time measurements. The G8 uses
eight dedicated separate and parallel channels for Coarse/Acquisition (C/A) code-phase
(a.k.a. pseudo-range) on the L1 (1575.42 MHz) band. The G8 receives satellite signals via
an L-band antenna with integral low-noise amplifier (an active antenna must be supplied
separately). The G8 is designed for outputting position, speed, and time information,
either autonomously or differentially corrected using DGPS corrections in RTCM SC-104
Version 2.1 format.

General Information 1



Figure 1.1: G8 OEM Board and Housing

Technical Specifications

Table 1.1 lists the more important technical specifications.

Table 1.1: Technical Specifications

Item Specification
General 8-channel continuous tracking OEM GPS receiver board
GPS parameters L1 frequency, C/A code (SPS)
Update rate 1Hz

Communication interface | NMEA 0183 V2.1 using standard Ashtech command set

RTCM V2.1 message Differential remote messagetypes 1, 3, 6, 9, 16
types
Serial ports One TTL full duplex for primary 1/0
One TTL haf duplex for RTCM
Baud rate Software selectable 300 bps to 19200 bps. Maximum recommended char-
acter rate is 400 characters per second.
Size Bare board: 1.54 x 2.36 x 0.41 inches (39 x 60 x 10 mm)
With mechanical shield case: 1.58 x 2.41 x 0.52 in (40 x 61 x 13 mm)
Weight Board: 0.7 0z. (19.8 gr)
With mechanical shield case: 1.6 oz. (45.4 gr)
1/O interface TTL
Input voltage/power 5VDC £0.25 VDC <700 mW (typical)
Backup power 2.7103.5VDC (131A) 3.6 t0 5.25 VDC (1pA)
Receiver noise figure <7 dB typical without antenna

G8 OEM Board Reference Manual



Perfor mance Specifications

Table 1.2 summarizes the more important performance specifications. Additional
details are presented in Table 6.2 on page 99.

Table 1.2: Performance Specifications

Item Specification

Real-time position accuracy Horizontal CEP 3.0 m with DGPS correction
Horizontal 95% 5.0 m with DGPS correction

Typical acquisition time <10 sec hot start

(Refer to note below) <45 sec warm start
<120 sec cold start

Typical reacquisition time <1 sec from total satellite blockage

Update rate User-selectable from 1 second to 99 seconds in 1-second increments
synchronized with GPS.

1 PPS output G8 calculates time and outputs a 1 PPS pulse when it has a position

and is tracking one (in most cases) or more satellites. 1 PPS pulse out-
put is synchronized to GPS time $1$€ec.

Geoid model Supported internally

Magnetic variation model Supported internally

== If the G8 hasa valid Almanac and ephemeris, but hasretained a last known position mor e than 1000
km from itsactual location, the receiver should bereset using the $SPASHS,INI command to
minimize start time. If not reset, this condition may cause a long delay in the start time of the
receiver.
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Hardware Description

Physical Configuration

The G8 is delivered with amechanical shield case. This mechanical shield case
provides protection while handling, a significant degree of ESD protection, and a
small degree of EMI protection. We recommended you use the G8 with the
mechanical shield case, but thisis not absolutely necessary. When the board is used
within the mechanical shield case, the most common mounting method utilizes the
three mounting holes on the bottom of the mechanical shield case, as shown in Figure

1.2

When choosing screws for mounting the mechanical shield case, the screw
length should be chosen so astoinsert no morethan 1/8 inch beyond the outer
surface of the shield case. A longer screw may damage the OEM board and
cause unreliable operation.

0.105 1.575

0 0.787 0.523 ¢ 153
0512 | o
0 . | \
0.185 0) — @
0885 L
frzzzzl
M3 Thrd
3 Plcs
@l ®
2.154 . .
2.409 ® > 5

‘ L note: ears of lid add total of
0.09 in. (2.2 mm) to length
0.370 1.200 0653

Figure 1.2: Mechanical Shield Case Configuration
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When used outside the mechanical shield case, the G8 board can be mounted using
the mounting holes provided in each corner as shown in Figure 1.3. A separate RF
shield is soldered to the board, located as shown in Figure 1.3. The RF shield must

always remain on the board.
.083 1535 254 .062
0 .156
.090 DIA. x 4

855 —— RF Shield
1/0 Connector

1.565——

1.975

poca | ¢ |
Board thickness 0.062 inch.
Board height 0.41 inch.

145 185 9594

Figure 1.3: Bare Board Configuration
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Table 1.3: Dimensions

Without Mechanical Shield Case

With Mechanical Shield Case

Characteristic
Inches Millimeters Inches Millimeters

Length 2.362 60.0 2.410 61.2

Width 1.535 39.0 1575 40

Thickness 041 10.4 0.523 13.3

Weight 0.7 oz. 19.8gr 1.6 oz. 454 gr

Mounting Oneholeineach | Oneholeineach | Three holeson Three holes on

Method corner of board corner of board bottom of shield | bottom of shield
case case

Mounting hole Figure 1.3 Figure 1.3 Figure 1.2 Figure 1.2

diameter

Mounting hole Figure 1.3 Figure 1.3 Figure 1.2 Figure 1.2

location

Power/Input/Output Connections

Table 1.4 lists the power/input/output connections for the Molex 8-pin I/O connector.
Connector types are defined in Chapter 2.

Table 1.4: Power/Input/Output Connections

Pin Signal Designation Function
1 VCC Primary board power connection
2 V_ANT Antenna power connection
3 V_BACK Battery backup power connection
4 GND Ground
5 RTCM Receive Port B: Receive data at G8 from external device
6 RXD Receive Port A: Receive data at G8 from external device
7 TXD Transmit Port A: Transmit data from G8 to external device
8 1PPS 1 PPS output

G8 OEM Board Reference Manual



Interfaces to External Equipment

All Ashtech GPS receivers use a combination of standard NMEA commands and
Ashtech NMEA style commands (“PASH” commands).

The G8 returns responses in standard NMEA format or Ashtech NMEA style format,
depending upon the command given the receiver. The standard NMEA responses are
$GPALM, $GPGGA, $GPGLL, $GPGSA, $GPGSV, $GPRMC, $GPVTG, and
$GPZDA per NMEA Specification NMEA0183 V2.2. Ashtech implements one non-
standard NMEA response, the $GPMSG response. In addition, Ashtech has
implemented a set of NMEA style messages that are maintained for compatibility
with the Ashtech OEM product line. These responses are prefixed with the string
$PASHR. All responses include a checksum.

NMEA responses and $PASH commands and responses are described in detail in
Chapter 5.
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Power Requirements

The G8 board requires the following operating power (typical):
Main power: 5 VDC £ 0.25 VDC, maximum ripple 50 mv P-P
Nominal current: <140 mA @ 5 VDC
Nominal power: <700 mW @ 5 VDC
Backup power: 1A at 2.7 to 3.5 VDC 10pA at 3.6 to 5.25 VDC
Sleep mode power: <450 mW

Antenna power (V_ANT): up to 25 VDC, 300 mA max (active antenna must be
supplied separately)

Environmental Limitations

The G8 board operates within the environmental limitations listed in Table 1.5.

Table 1.5: Environmental Limitations

Condition Specification
Operating temperature -30°C to +80°C
Standby temperature -30°C to +80°C
Storage temperature -40°C to +85°C

General Information 7



Table 1.5: Environmental Limitations (continued)

Condition Specification
Humidity 95% RH non-condensing
Vibration 17¢¥Hz  20Hz
-6 dB/octave 20 to 500 Hz
0.003g%/Hz 500 to 2000 Hz
Speed limitations 1000 knots (514 m/sec)*
Altitude limitations 60,000 feet (18,288 m)*
* The G8 produces no valid position information beyond these limits.

Antenna

For optimum performance, G8 requires areliable, low-power antenna with a built-in
low-noise amplifier (LNA). Many antenna manufacturers provide low-cost antennas
optimized for amobile environment, with many choices of design, filtering options,
LNA gain level, packaging, connector style, cable length, and mounting options.
Given the wide variety of choicesin the marketplace, we recommend you obtain your
antenna directly from the manufacturer. Table 1.6 lists the required antenna el ectrical
performance specifications. Contact your local G8 distributor for alist of
recommended antenna sources.

Table 1.6: Antenna Specifications

Parameter Specification

Center frequency 1575.42 MHz

Output impedance 50 ohms

Polarization: RHCP

Gain Recommended 0 dBic at zenith, minimum -5 dBic at 5° elevation
above horizon

LNA gain 26 dB + 2.5 dB. Excess gain at board input must exceed 10 dB
gain - cable loss >10dB)

Filter 30 dB attenuation 100 MHz above or below center frequency

Noise figure <2.5dB

Power input Antenna is powered via V_ANT at pin 2. User supplies power fqg
antenna. Voltage input should be limited to 25 VDC or less.

FCC Per user specification.

LNA

=
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The G8 contains an antenna supply circuit that utilizes a 20-ohm series resistor and
L/C filter to isolate the DC power from the GPS RF energy. This circuit supplies
power to the antenna via the center pin of the RF connector, using the 20-ohm
resistor to protect the DC output from short circuits.

The 20-ohm resistor can dissipate up to 1.5 W. The maximum V_ANT voltage which
can be safely short-circuit protected is 5.5 volts. The maximum current allowance
through the V_ANT pin is 300 mA.

For the nominal case of V_ANT =5VDC, a4.5 VDC (approximate) signal will
appear on the center pin of the G8 RF connector. Y ou heed to account for the voltage
drop across the 20-ohm current-limiting resistor in your choice of antenna and power
allocation for your application. A diagram of the antenna supply circuit is shown in
Figure 1.4.
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Pin 2 RF Connector

R
c

RF Amp to GPS
| RF section

9716

Figure 1.4: Antenna Supply Circuit

- Thereisnoimpedance requirement at pin 2 (V_ANT). Pin 2 isusually driven by a low-impedance
power supply. RF decoupling is done on the G8 board.

Radio Interference

Some radio transmitters, cellular phones, or other mobile communications equipment
can interfere with the operation of GPS receivers. Ashtech recommends that you
verify that nearby hand-held or mobile communications devices do not interfere with
GPS receivers before setting up your project.

The G8 is equipped with an RF shield over the RF section of the receiver. This
protects the sensitive components in this area of the board, and also eliminates
emissions from this section. The RF shield is soldered to the board and must remain
in place at all times. The mechanical shield case does provide a small degree of
additional RF isolation. It is recommended that the mechanical shield case be used,
but the G8 operates reliably without the mechanical shield case.
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2

Getting Started
General

This section outlines the following procedures to get your G8 GPS OEM board operating
as quickly as possible:
«  Procedure for connecting the G8 to power, the antenna, and your equipment (
system electronics
e Important communication parameters
e Instructions for establishing communications with the G8 using typical
communications software with an IBM-compatible PC
e Procedure for sending common commands to the G8

pe1te1s buneo

Quick Start

If you have the G8 Evaluation and Development Kit, use it for quick setup and evaluation.
Go directly to Chapter 4 for instructions. If you do not have the G8 Evaluation and
Development Kit, proceed with the following instructions.

Connection Procedures

Board

Figure 2.1 shows the power and I/O connections to the 8-pin 1/O connector on the
board.

To avoid damage to the G8, alwaysturn off the power supply befor e connect-
ing or disconnecting to the 8-pin I/O connector.

Getting Started 11
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1PPS

TXD

RXD

RTCM
GROUND
V_BACK
V_ANT

g  VCC

1 Molex 51065-0800 housing
8 Molex 50212-8100 crimp terminals
9868

Figure 2.1: Power and I/O Connections for Bare OEM Board

1. Tointerfaceto the board, you will need to connect to two different interface

connectors:

* 1/O connector - the 1/0O connector on the G8 OEM board is a Molex
socket P/N 53254-0810. To mate with this socket, you will need to
provide a board-based connector or construct a power-1/O cable. A
cable requires a Molex terminal crimp housing P/N 51065-0800 and
eight crimp pins P/N 50212-8100. Assemble a power-1/O cable using
these parts, as shown in Figure 2.1.

There may be other mating connector optionsthat are more appropriate for your application.
Contact your supplier for additional mating connector information.

* RF connector - The RF connector is a Hirose S.FL2-R-SMT. This is a
small upward-facing connector designed for minimal number of
connections. Its mating connector is a right-angle plug, Hirose P/N
S.FL2-LP-0.7DW. This connector also requires a center pin insert, P/N
S.FL2-LP female terminal. Ashtech strongly recommends that you have
an antenna cable assembled by a Hirose authorized value-added reseller.
Contact Ashtech customer support for a reseller in your area.

2. Once you have constructed a board-based connector or a power-I/O cable,
connect the female plug on the cable to the 8-pin Molex I/O connector on the
G8.
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3. Connect the wires of the power-1/0 cable as specified in Table 2.1. Do not
turn on power at thistime; proceed with other connections as specified

below.
Table 2.1: Power/Input/Output Parameters
Pin Signal Designation Function
1 VCC Primary board power connection
2 V_ANT Antenna power connection g
3 V_BACK Battery backup power connection ‘('2
4 GND Ground §
5 RTCM Receive Port B: Receive data at G8 from external device
6 RXD Receive Port A: Receive data at G8 from external device
7 TXD Transmit Port A: Transmit data from G8 to external device
8 1PPS 1 PPS event marker output TTL

4. Once you have constructed the antennainterface cable, connect the antenna
cable to the Hirose antenna connector on the G8 and connect your antenna.

For maximum reliability, connection and disconnection of the Hir ose antenna connector should be
minimized.

The G8 is designed to work with an antenna that includes an LNA. The
antennais powered viaV_ANT and isisolated from DC ground. The gain of
the antenna-preamplifier minus the loss of the cable should be between 10
and 35 dB.

Best resultsare obtained if theantenna hasan unobstructed view of the entire sky. A ground planeis
desirable but not necessary. Should you want the antenna stationary, try to locateit as high as
possible and away from metallic objects such astowers, and lar ge structures such asbuildings. These
objectsmay reflect theincoming GPS signals, causing multipath reflectionsthat can reduce

accur acy.
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5. With all connections made as described above, apply 5 VDC power to the
G8 at pin 1 (VCC). Remember also to be sure power is applied to the
antennaviapin 2 (V_ANT). Antenna power restrictions are defined in
Chapter 1.

The G8 uses 5 VDC power, not 12 VDC. Connect the appropriate power input line
(VCC) to a stable 5-volt source ONLY. The voltage can fluctuate no more than + 5%.

When the G8 is connected to power, it automatically begins its startup and
acquisition routines, attempting to acquire satellites (SV s or Space V ehicles)
within the field of view of the antenna. G8 firmware versions HDOO or
newer automatically output NMEA messages $GPGGA and $GPVTG. Once
enough SV's have been acquired for avalid position report, accurate position
and velocity information will be included in these messages. Y ou may
change the reporting rate of the output or disable them completely as
described in Chapter 5, Command/Response For mats.

To ensure the fastest possible restart times, you should also connect the G8
to a power backup source at pin 3 (V_BACK). Y our backup source should
beintherange of 2.7 to 5.25 VDC. Backup draws 10 to 12 HA, depending
upon the backup voltage.

Serial Data Communication

Communication Port Setup

After performing the steps above, you are ready to command the G8 and receive data.
The G8 serial port A must be connected to a PC, microprocessor, or other intelligent
processing device, before you can issue commands. The G8 OEM board utilizes TTL
signal levels (+ 5 VDC, 0 VDC) for communication, not RS-232 levels (£ 12 VDC).

If you plan to communicate directly with the G8 OEM board from a PC, you must

first convert the PC RS-232 interface levels to TTL levels. Specific I/O interface
levels are provided in Table 2.2.

Attempting to communicate to the G8 OEM board using RS-232 voltage lev
els will result in poor operation or failure in communication. Applying a neg-
ative voltage to the 1/O pins could cause excessive current draw or damage fto
the G8.
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Table2.2: TTL I/O Interface Levels

Voltage Minimum Maximum
Vi -0.5v 0.8V
Vin 22V Vee + 0.5V
Vol 0.4V
Von 2.4V o
8
>
Table 2.3 lists the default communication parameters of the G8 at first power-up. 2
g
Table 2.3: Default G8 Communication Parameters g
Baud Data Bits Parity Stop Bits Port
4800 8 None One A

- When first establishing communication with the G8, the communications interface must usethese
parameters, otherwise the G8 will not recognize any serial input. Once communication is established
at 4800 baud, the G8 can bereconfigured to oper ate at a different baud rate by issuing $PASH

commandsto the serial port from the attached PC or other processing device.

RTS/CTS Considerations

Once you convert the G8 GPS OEM board TTL outputsto RS-232 levels, thereis one
other important consideration.

The RS-232 specification is very general, intended to cover awide variety of
computer-to-computer communication situations. As such, it containsalot of controls
that are not necessary in most situations. For the G8 OEM board, merely connecting
GND to GND, TX1to RX2, and TX2to RX1isall that is required. However, some
computer software uses RTS (Request To Send) and CTS (Clear To Send); thisis
known as flow control. The purpose of these signalsisto allow the intended receiver
to hold off transmission until it is able to take care of the data. The transmitter will
assert RTS and then wait until it sees CTS before beginning transmission. This avoids
loss of data that could occur if the transmitter started before the receiver was ready.
The G8 OEM board does not utilize flow control and therefore ignores RTS/CTS
signals on the RS-232 line.

Most system integrators simply connect RTS to CTS at both ends of the
communication channel. In this case, as soon as the transmitter asserts RTS, it sees
CTS and begins transmission. Because the G8 OEM board does not utilize flow
control, you may need to connect RTSto CTS at the computer or processor that is
communicating with the G8. Thisisan individual judgement call which depends

Getting Started 15



16

upon both the hardware configuration of the host and on the design of the softwarein
the host. It may or may not be necessary, but should be considered in your interface
design. The G8 Evaluator (see Chapter 4) connectsthe RTS and CTS lines; the G8
OEM board does not.

Default Data Output

For G8 firmware version HCOO and earlier versions all the default data output
commands are set to NO (i.e., no output). Even though the G8 may be calculating
positions, it does not output any data until you send a message commanding it to do
so. For firmware versions HDOO and later, the G8 will automatically output the
$GPGGA and & GPVTG message on startup.

Data Rate Limitations

The maximum recommended data I/O rate for the G8 is 400 characters per second.
This equates to approximately six standard NMEA responses. Choose data output
carefully so as not to overrun this maximum. If the maximum rate is exceeded the G8
may perform unreliably.

Initial Operating Instructions

After the G8 is powered and running, you may send it command messages in order to
change the output or modify operating parameters. The following procedure describes
briefly how to send commands to and receive information from the G8 using an IBM-
compatible PC. Many standard communications software packages allow you to
interface with the G8. Be sure to send commands to Port A of the G8 receiver.

Y our command can be typed in upper or lower case, and must be completed by
pressing the <enter> key. If you have typed and sent the command correctly, you
should get an ACK response for a correct command, and a NAK response for an
illegal or incorrect command. To become familiar with the G8 messages, send afew
common commands to the G8 and observe the responses.

1. Type $PASHQ,PRT and press <enter>. This command queries the
communication setup of the port.

Pressing <enter> is equivalent to <CR><LF>.

2. Theresponse messageis:
$PASHR,PRT A 4

This message indicates port A of the G8 is using its default communications
setup 4, which is 4800 baud, eight data bits, no parity, and one stop bit. For
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details of this command, refer to $SPASHS,SPD and $PASHQ,PRT in
Chapter 5.

3. Type$PASHSNME,GSA ,A,ON and press <enter>. This command enables
the NMEA GSA message which provides alist of locked satellites at a set
rate.

The response message to this command is structured as shown below and
explained in Table 2.4:

$GPGSA,c1,d1,d2,d3,d4,d5,d6,d7,d8,d9,d10,d11,d12,d13,f1,f2,f3*cc

®

g

Table 2.4: GSA Message Structure a

2

Parameters Description Range o
cl Mode: M: manual, A: automatic ‘™M A
di Mode: 1: fix not available, 2: 2D, 3: 3D 1-3

d2 - d13 Satellites used in solution (null for unused channel) 1 -32
fl PDOP 0-99
f2 HDOP 0-9.9
3 VDOP 0-9.9
*cc Checksum

A typical response message might look like the display shown below and described in
Table2.5:

$GPGSA M, 3,,02,,04,27,26,07,,,,,,,3.2,1.4,2.9% 39

Table 2.5: Typical GSA Message

Item Significance

$GPGSA Header

M Manual mode

3 3D mode

empty field | Satellite in channel 1

02 Satellite in channel 2

empty field | Satellite in channel 3

04 Satellite in channel 4
27 Satellite in channel 5
26 Satellite in channel 6
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Table 2.5: Typical GSA Message (continued)

Item Significance

07 Satellitein channel 7

empty field | Satellitein channel 8

empty field | Satellitein channel 9

empty field | Satellitein channel 10

empty field | Satellitein channel 11

empty field | Satellitein channel 12

3.2 PDOP
14 HDOP
29 VDOP
*38 checksum

4. Type $PASHSNME,GGA,A,ON and press <enter>. (For firmware version
HDOQO or later, this message is automatically turned on at power-up). This
command tells the G8 to return antenna position information through port A
at a set rate. The default rate for NME commands is once per second.

The response message to this command displays once per second in the form
shown below and defined in Table 2.6:

$GPGGA,m1,m2,c1,m3,c2,d1,d2,f1,f2,M,f3,M,f4,d3*cc

Table 2.6: GGA Message Structure

Parameters Description Range
ml Current UTC time of position fix in hours, minutes, and 00-235959.50
seconds (ddmmss.ss)
m2 L atitude component of position in degrees and decimal 0-90

minutes (ddmm.mmmmmm)

cl Direction of latitude N= North, S= South ‘N' /'S

m3 Longitudinal component of position in degrees and decindl-180
minutes (dddmm.mmmmmm)

c2 Direction of longitude E = East, W= West ‘EW

di Position type 1,2,9
1. Autonomous position
2. RTCM differential corrected position or CPD float position
9. Position computed using almanac information
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Table 2.6: GGA Message Structure (continued)

Parameters Description Range
d2 Number of GPS satellites being used in the position 0-8
computation
f1 Horizontal dilution of precision (HDOP) 0-99.9
f2 Altitude in meters above the geoid (i.e., mean-sealevel). For | -30000.00 to 30000.00

2-D position computation, thisitem may contain the user

®

entered altitude used to compute the position computation. 2
Notethat user-entered altitude would have been entered a
using the SPASHS,ALT command which uses altitude ‘é’?
above the ellipsoid, not altitude above geoid). g

M Altitude units M = meters ‘M’

3 Geoidal separation in meters +999.99

M Geoidal separation units M = meters ‘M’

d3 Age of differential corrections (seconds) 0-999 (RTCM mode)

d4 Base station ID (RTCM only) 0-1023

cc checksum

A typical response might be as shown below and described in Table 2.7:

$GPGGA ,015454.00,3723.285132,N,12202.238512,W,2,4,03.8,00012.123,
M,-032.121,M,014,0000* 75

Table 2.7: Typical GGA Message

Item Significance
$GPGGA Header
015454.00 UTC time
3723.285132 Latitude (ddmm.mmmmmm)
N North Latitude
12202.238512 Longitude (dddmm.mmmmmm)
w West longitude
2 RTCM differential position
4 Number of satellites used in position
3.8 HDOP
00012.123 Altitude
M Units of altitude (M = meters)
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Table 2.7: Typical GGA Message (continued)

Item Significance
-032.121 Geoidal separation
M Units of geoidal separation (M=meters)
14 Age of correction (seconds)
0000 Base station 1D
*75 checksum

Type $PASHSNME,SAT ,A,ON and press <enter>. Thiscommand tellsthe
G8 to return locked satellite information through port A at a set rate.

The response message displays once per second:
$PASHR,SAT " ....... K

where the “....... " is the number of SVs locked, and the elevation, azimuth,
and signal strength for each locked SV.

For details on these commands and responses, as well as the rest of the G8
command and response repertoire, refer to Chapter 5.
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Operation

This section summarizes system setup, G8 operation at power-up, input and output
messages, seria port configuration, parameter settings and status, the satellite search
algorithm, modes of operation, antenna position setting, NMEA outputs, and differential
operation.

System Setup

Verify that the G8 is set up as described in Chapter 2.
M essage For mat

The G8 command/response firmware all ocates the two RS-232 ports (A and B) to receive
command messages from an external control device (such as a PC), and receive
differentia corrections from a reference station. Commands can be input to either port A
or B, but only port A provides responses to commands.

Input Messages to the G8

o
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The input messages comprise set command messages, and query command messages.
The set commands instruct the G8 to perform a specified and often continuous activity;
the query commands instruct the G8 to report its present status one time only. The general
command messages comply with the NMEA 0183 standard to the following extent:

 NMEA 0183 ASCII strings following $ character

* Headers are Ashtech NMEA style, registered with NMEA (i.e., PASH)

* Message IDs are Ashtech NMEA style

« Data items are separated by commas

e Checksum character delimiter and NMEA checksum bytes are recognized by the
G8 but are optional. The hexadecimal checksum is computed by exclusive OR-
ing all of the bytes in the message between, but not including, the $ and the *.

e Message is ended with the standard NMEA message terminator characters,
<CR> and <LF> (same a®ntep).ll command messages (set, query or general)
recognize upper or lower case letters. They are accepteehber. A valid set
command causes the G8 to return$PASHR,ACK*3D, “acknowledged”
response message. A set command containing avalid $PASHS set command
header followed by character combinations unrecognized by the G8 causes return
of the $PASHR,NAK*30, “not-acknowledged” response message. All other
invalid set commands are ignored. Valid query and general command messages
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are acknowledged by return of the requested information, and all invalid
query and general commands cause the G8 to return the SPASHR,NAK*30
“not acknowledged” response message.

Output Messages From the G8

Output messages are messages the G8 sends to the PC or system electronicsin
response to acommand message. These messages comprise G8 general status
messages, command acknowledged/not acknowledged messages, and GPS data
messages. The G8 general status messages have free-form Ashtech NMEA style
formats. The command acknowledged/not acknowledged messages and GPS data
messages comply with NMEA 0183 asfollows:

« NMEA ASCII strings following $-character

e Headers are standard NMEA or Ashtech NMEA style

* Message IDs are standard NMEA or Ashtech NMEA style

e Standard NMEA format messages contain hexadecimal checksum bytes

- Data items are separated by commas; successive commas indicate invalid or
missing data (null fields)

e Message is ended with <CR><LF>, the standard NMEA message terminator
characters

Serial Port Configuration

Port A provides two-way full duplex RS-232 communication. Be aware that the
signals are, however, at TTL levels. The default transmit/receive protocol is 4800
baud, eight data bits, no parity, and one stop bit (8N1). The baud rate is adjustable
using theBPASHS,SPD speed set command; the data bit, stop bit and parity
protocol are always 8N1.

On initial power-up or after issuing I ASHS,RST (reset to defaults) command,
the G8 default is 4800 baud for both RS-232 serial ports A and B.

The baud rates between the G8 and the interfacing equipment must be the same for
both the port and the device connected to that port.

To maintain communication with the G8 while changing the baud rate, issue the
$PASHS,SPD (set command) to change the G8 baud rate, then change the baud rate
of the command device to match the new G8 rate.

Antenna Connection

The G8 requires that a compatible active antenna be connected to the antenna port for
reliable operation. Antenna specifications are provided in Chapter 1. The antenna
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must have a clear view of the entire sky in order for the G8 to meet the specifications
defined in this manual.

Satellite Search Algorithm

When the G8 is operated for the first time after receipt from Ashtech, or after the
power and back-up battery have been disconnected, no almanac or ephemeris dataare
available. The G8 always assigns the first eight elements of a 32-element table of SV
PRN numbersto its eight channels. Within 35 to 40 seconds after locking the first SV,
the G8 time is set. The G8 computesitsfirst position after three (for 2D) or four (for
3D) SVsare locked, provided that the satellite geometry is adequate. The G8
continuously stores the most recent almanac, ephemeris, and position datainto its
battery-backed memory, which allows for faster position computation when next
turned on.

The G8 performs a cold start if there are no valid almanac or ephemeris datain the
battery-backed memory, or if it has no previously known position; thisis generally
trueif the G8 has been off for more than six months. With no SV information to help
narrow the search, cold start typically requires about two minutes to compute the
initial position. If the G8 has been off for less than six months but more than four to
six hours, then the stored almanac and position data allow it to narrow the SV search
and perform awarm start. In warm start the initial position is typically computed in
about 30 seconds. The G8 will turn on with a hot start if its battery-backed memory
contains valid almanac, ephemeris, and position data; thisis generally true if the G8
has been off for no more than four to six hours. This data allows the G8 to search only
for visible SVsin known locations, and the first position is typically computed in
about 10 seconds.

If the G8 hasa valid Almanac and ephemeris, but hasretained alast known position mor e than 1000
km from itsactual location, the receiver should bereset using the $SPASHS,INI command to
minimize start time. If not reset, this condition may cause a long delay in the start time of the
receiver.

Parameter Settings and Status

The G8 has the default operational parameters listed in Table 3.1. These parameters
can be changed using the indicated set commands; detailed explanations of the set
commands are presented in chapter 5.
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Table 3.1: Default Parameters

Item Default Value Set Command Page
Latitude None $PASHS,POS 58
Longitude None $PASHS,POS 58
Altitude None $PASHS,POS 58
Navigation Position Mode 4 $PASHS,PMD 57
2D Altitude 0 $PASHSALT 51
HDOP Mask 4 $PASHS,HDP 52
PDOP Mask 6 $PASHS,PDP 57
Elevation Mask 5 degrees above horizon $PASHS,PEM 56
Datum WGS-84 $PASHSDTM 51
Satellites inhibited none $PASHS,USE 65
DGPS positioning OFF $PASHS,RTC 94
Auto Differential Mode Enabled $PASHS,RTCAUT 94
Differential Data Age Selection | 15 seconds $PASHS,RTC,MAX 94
Seria port A speed 4 (correspondsto 4800 bps) | $PASHS,SPD 63
Seria port B speed 4 (corresponds to 4800 bps) | $PASHS,SPD 63
Altitude Position Fix Mode 0 $PASHS,FIX 52
Kalman filter dynamics mode 3 $PASHS,KFP,DYN 54
Timezone offset 00:00 $PASHSLTZ 54
Enable ALM msg to port A, OFF $PASHSNME,ALM 70
Enable GGA msg to port A, ON (HDOQO or later) $PASHSNME,GGA 72
Enable GLL msg to port A, OFF $PASHSNME,GLL 74
Enable GSA msg to port A, OFF $PASHS,NME,GSA 76
Enable GSV msg to port A, OFF $PASHS,NME,GSV 77
Enable RMC message to port A, OFF $PASHS,NME,RMC 85
Enable VTG msg to port A, ON (HDOQO or later) $PASHSNME,VTG 89
Enable ZDA msg to port A, OFF $PASHSNME,ZDA 90
Enable MSG msg to port A, OFF $PASHSNME,MSG 79
Enable POS msg to port A, OFF $PASHS,NME,POS 82
Enable UKO msg to port A, OFF N/A N/A
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Table 3.1: Default Parameters (continued)

Item Default Value Set Command Page
Enable SAT msg to port A, OFF $PASHSNME,SAT 87
Enable XMG msg to port A, OFF N/A N/A
Receiver update interval 1 second $PASHSNME,PER 82

Oniinitial power-up or after use of the $SPASHS,RST (reset to default command), the
G8 revertsto its default parameter settings. To list the current status of these settings,
there is one query command available:

$PASHQ,PAR (general parameters)

The response message for the default values of the query command $PASHQ,PAR
(general parameters) is:

PMD:4 FIX:0 PEM:05 PDP:06 HDP:04
DTM:W84  LTZ:+00,00 SAV:N é’
USE s YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY Py
CDS:  AUTO . . . . . 8
LAT:0000.000000,N LON:00000.000000,E ALT:+00000.00

NMEA: ALM GGA GLL GSA GSV MSG POS RMC SAT UKO VTG ZDA XMG

PRTA: e e e e e e e e

PER:  001.0

The $PASHQ,PAR response message is free-form and subject to changein futurefirmware
versions. These messages are not intended to be computer -readable.

Saving New Parameter Settings

If you want to save any parameters changed by a set command, parameter values can
be saved by the $PASHS,SAV,Y set command. Once this command has been used,
The G8 will use the saved parameters instead of the defaults as long as there isthe
appropriate battery backup voltage on pin 3 (V-back). Without battery backup, the
parameters will NOT be saved. $PASHS RST aways reinstates the defaults.

Position M odes

The G8 operates in two position modes, 3D and 2D. These modes are explained in
detail in “Position Modes” on page 96.
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Altitude Hold Definition

Two modes are available to determine what altitude is selected when the G8 isin
altitude-hold mode. The $PASHS,FIX set command can be used to select between
these modes.

« In mode 0, the most recent altitude is used. This is either the one entered by
using theSPASHS ALT or $PASHS,POS set command or the one
computed as part of a 3D position, whichever is most recent.

* Inmode 1, only the last altitude entered by using the $SPASHS ALT set
command is used in the position fix solution.

On initial power-up or after use of t8fPASHS,RST default parameter reset
command, the most recent antenna altitude is zero.

Antenna Position Setting

Two commands are available to enter the known antenna position:
$PASHS,POS (position setting including latitude, longitude, altitude)
$PASHSALT (altitude for fixed 2D operation)

NMEA Outputs

The G8 allows you to output messages in NMEA format, and other messages through
serial port A, as listed in Table 3.2.

Table 3.2 NMEA and Miscellaneous Output Messages

M essage Type Description Page
$GPALM NMEA GPS amanac 70
$GPGGA NMEA Position fix 72
$GPGLL NMEA Geographic latitude/longitude 74
$GPGSA NMEA GPS DOP and active satellites 76
$GPGSV NMEA GPS satellitesin view 78
$GPRMC NMEA Recommended minimum specific GPS Data 85
$GPVTG NMEA Course over ground and ground speed 89
$GPZDA NMEA Time and date 91
$GPMSG Non-standard NMEA | Differential message RTCM-SC104 types1, 3,9,16 |80
$PASHR,POS | Ashtech NMEA Style | Position 83
$PASHR,SAT | Ashtech NMEA Style | Satellite status 87
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Any combination of these messages can be output through serial port A. The output
rateis determined by the SPASHSNME,PER command, and can be set to any value
between 1 and 999 seconds. Additional details are presented in the discussion of
NMEA message commands in Chapter 5, Command/Response For mats.

rate of 400 charactersper second. Thisequatesto approximately six standard NMEA responses.

== G8 message outputs should be chosen so as not to overrun the maximum recommended char acter
Overrunning this output rate may cause unreliable G8 operation.

All standard NMEA messages are a string of ASCII characters delimited by commas
and that comply with the NMEA 0183 standard, Version 2.1. All non-standard
messages are a string of ASCI| characters delimited by commas using the Ashtech
NMEA style response format.

Differential Operation
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This section discusses differential operation in general, sources of error, the G8
messages for differential operation, and RTCM 104 format as it appliesto aremote
station.

General

Real-time “Broadcast” differential GPS positioning (DGPS) involves a reference
(base) station computing the SV range corrections and transmitting them to a remote
(rover) unit. The G8 is designed to operate as a remote unit. When a reference station
transmits these corrections in real time to the G8 via a communications link, the G8
applies the corrections to its measured ranges and uses the corrected ranges to
compute its position.

Real time “inverse” differential positioning uses DGPS corrections applied at the base
instead of at the remote unit. The G8 can be set to output the $PASHR,ITA response,
which outputs pseudorange and doppler information for each SV that can be used to
apply corrections back at the base station. As with broadcast DGPS, this approach
requires an efficient communication link since the $PASHR, ITA output must be sent
to the base for processing.

The base receiver determines range corrections by subtracting the measured range
from the true range, computed by using an accurate position entered in the receiver.
This accurate position must have been previously surveyed using GPS or some other
technique.

As a stand-alone receiver, and with SA (Selective Availability) on, the G8 typically
computes a position within about 30 meters of truth but always within 100 meters. In
differential mode, the G8 can achieve better than 3m (CEP) precision. For both
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broadcast and inverse DGPS operation, a communication link must exist between the
base and remote receivers. The communication link can be aradio link, telephone
ling, cellular phone, communications satellite link, or any other medium that can
transfer digital data.

Sources of Error

The major sources of error affecting the accuracy of GPS range measurements are SA
(Selective Availability), SV orbit estimation, SV clock estimation, ionosphere,
troposphere, and receiver noise in measuring range. The first five sources of error are
almost totally removed using differential GPS.

Receiver noise is not correlated between the base and the remote receiver and is not
cancelled by differential GPS.

Total position error (or error-in-position) is afunction of the range errors (or errors-
in-range) multiplied by the PDOP (three-coordinate position dilution of precision).
The PDOP is afunction of the geometry of the SVs.

RTCM M essages

For broadcast DGPS mode the G8 accepts RTCM SC-104 Version 2.2 differential
formats. The G8 is set to receive RTCM corrections in either of the two ports by
issuing the set command $PASHS,RTC,REM ,c where c is the port. Of RTCM
message types 1 through 64, the G8 processes types 3 and 16 for station location and
special information; types 1 and 9 for RTCM differential corrections; and null frame
type 6. The differential corrections are automatically processed by the G8.

It isrecommended, but not required, that RTCM information be input on port B.

RTCM message types 3 and 16 provide user information from the reference (base)
station, while RTCM message types 1 and 9 provide differential correction
information. The reference station sends types 1 and 9 continuously and may send
either type 3 or type 16 individually. The $PASHS,NME,M SG set command and
$PASHQ,MSG query command cause the most recent RTCM input data to be
reported, viathe $GPM SG message.

Oninitial power-up or after use of the SPASHS,RST (reset to defaults command) the
G8 default automatic differential mode is OFF, and the default is 15 seconds for the
maximum age of an RTCM differential correction, above which it is not be used. If
the automatic mode is not enabled by the $PASHS RTC,AUT set command and the
differential correction datais older than the maximum age specified by the

$PASHS RTC,MAX set command, the G8 does not return antenna position data.

In automatic mode, if no differential correction dataisreceived or the age of datais
older than the specified maximum age, the G8 returns the uncorrected position.
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RTCM 104 Format, Version 2.2

The G8 uses the six-of-eight format (data bits al through a6 of an eight-bit byte) for
communication between the reference station and user equipment.

The G8 can accept any type of RTCM message, however it decodestypes 1, 3, 6, 9,
and 16, as detailed in Table 3.3, and uses only types 1 and 9 for differential
corrections.

Table 3.3: RTCM Format

Message Type Contents of message
1 Differential GPS corrections
3 Reference station parameters
6 Null frame
9 High-rate differential GPS corrections
16 Special Message g
g

Pulse Generation (1 PPS)

The G8 calculates time and outputs a 1 PPS pulse when it has a position and is

tracking one (in most cases) or more satellites. Figure 3.1 shows the timing

relationships. The 1 PPS output is accurate tpgsek if the receiver is within 300
meters of the last valid position. Time is reported in the NMEA message ZDA. The 1
PPS output is available on pin 8 of the G8 8-pin I/O connector.
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Figure 3.1: Relationship of GPS Time in PRN Record to 1PPS Pulse

Figure 3.2 shows the 1 PPS pulse characteristics. The 1 PPS pulse occurs when the
signal goes high. The 1 PPSis generated exactly on the GPS second, and the pulse
remains high for 1millisecond.

1 msec
+5V
i i i OV
GPS Time GPS Time GPS Time
0 second 0 + 1 second 0 + 2 seconds

9640

Figure 3.2: PPS Pulse
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Evaluation and Development Kit
Overview

The G8 Evaluation and Development Kit, Figure 4.1, lets you rapidly set up and operate
the G8 to determine suitability for your application. The G8 Evaluation and Development
Kit can a so be used for software development (experimenting with commands, etc.) and
for troubleshooting once your system is deployed.

The G8 Evaluation and Devel opment Kit provides the following conveniences which
would otherwise have to be devised by the user:

e Built-in RS-232 interface does TTL to RS-232 conversion for you
+ Standard SMA connector for antenna connection

« Standard serial interface connector connects directly to PC

e Standard BNC connector on back panel for 1 PPS output

« Packaged unit protects OEM board in rugged test and evaluation environments
e Connects to standard 12 VDC power (such as a vehicle battery)
« Built-in battery eliminates need for battery backup connection

e Wide range of input power provides flexibility in test setups

e Allinterface cabling is provided for you
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Configuring Your Kit for Operation

To configure and operate your G8 Evaluation and Development kit, follow the six steps
below in sequence. For detailed mounting instructions and detailed cable connection
information, refer to the appropriate sections later in this chapter.
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Step 1 - Inventory Your Equipment

Check your G8 Evaluation Kit to ensure that all items are available, as shown in
Figure 4.1 and listed in Table 4.1. Separate the manuals and Evaluate software disk
from the hardware (G8 Evaluator, antenna, cables, etc.)

Antenna:

Magnetic Mount

S = ...

PORTC

Interface Cable ‘

DB-9 Null Modem Cable

PORTB from 730124 to PC -
=
q. Lo Pl ===
7-301 24 L ] PORTA '¢oo»"" " 730049 =
----- ’ Power - One of:
soweR Universal
M oiama s ey Pover,

AC Cable

Power cable provided for North America only. 103864

Cigarette Lighter

/% Vehicle Battery:
12vDC
-5 mme s
External Power — DC Power Source:
730149 5-37VDC
—

9648

Figure4.1: G8 Evaluation and Development Kit
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Step 2 - Load the Evaluate softwar e into your computer

Refer to the Evaluate User’'s Guide P/N 630063. Follow the setup and software
loading instructions in the guide.

When you load the Evaluate software into the PC, make sure the software version is
4.01 or later, earlier versions will not work with the G8. After your software is loaded,
there is no need to launch the Evaluate application. You will be instructed to do this in

a later step.
Step 3 - Prepare Your Equipment for Operation

Connect devices as shown in Figure 4.2. It is very important to follow instructions 1
through 6 below.

DO NOT connect power at any time during this step.

1. Connect the multiport interface cable 730124 to the DB-25 connector on the

G8 Evaluator.

2. Connect the DB-9 null modem cable from the port A connector (labelled
“Port A-1 PPS Out”) on the interface cable to an initialized serial port on
your IBM-compatible computer. If the serial port of your computer is not
initialized, it will not be recognized by the Evaluate software.
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Within the G8 Evaluator, the RTS/CTS lines of the interface cable are connected. Thisisdoneto
ensurethat your computer will alwaysreceive an immediate CTSsignal when it assertsRTSaspart
of its communication process. Refer to Table 4.7 on page 41 for specific inter connection details.

Port B of interface cable (730124) isused for inputing RTCM DGPS corrections. Port C isnever used
for G8 operation and is not connected to anything inside the G8 evaluator.

e

3. Connect the power connector on the interface cable to the appropriate
adapter (AC, vehicle cigarette lighter, or external DC power sourc&®ut

NOT connect power at this time.
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Connect the antennato the GPS ANT connector on the back of the G8
evaluator. Y ou may connect a different active antenna to the G8 Evaluator,
but please refer to Table 1.6 on page 8 for antenna specifications. If it
requires a voltage level other than 4.5 VDC, you must supply your own
external power and use a DC block at this connector in order to ensure
reliable operation of your antenna and G8 Evaluator.

You must provide a DC block if you are providing external power to the
antenna.

Also note that a passive antennais not compatible with the G8 Evaluator, as
it does not have enough gain to provide the RF signal strength needed at the
input to the OEM board for reliable operation. If you use your own antenna,
it must meet the specificationslisted in Table 1.6 on page 8.

If you are using the 1PPS output, connect the 1 PPS output connector on the
back of the G8 Evaluator to the appropriate recording device. Or, you may

also use the PPS output available at pin 9 of Port A. The PPS signal appears
at both pin 9 and the BNC connector on the back panel of the G8 Evaluator.

If using RTCM corrections, connect RTCM source to the DB-9 connector
labelled port B of interface cable 730124.

The 9-37 VDC power that you provideto the adapter cable connector also
appearson pin 4 of the two DB-9 connectorsfor ports B and C. Befor e connect-
ing equipment to port, make surethat this 9-37 VDC power does not damage or
interfere with that equipment. Port C isnever used for the G8 Evaluator.
NEVER connect any cablesto Port C.
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Figure 4.2: Setup Using G8 Evaluation & Development Kit
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Rear

Figure 4.3: Connectors on G8 Evaluator Front and Rear Panels

Step 4 - Position the GPS Antenna

Regardless of the antenna you use, it is very important that the antenna have a clear
view of the entire sky. Obstructions may cause satellites to be hidden from view,
creating a situation where the G8 will be unable to provide a position report.

Be aware that your receiver reports the position of the GPS antenna, not the position
of the receiver. Please take this into account when making accuracy measurements.

When the G8 Evaluator is connected to power it automatically provides +5VDC
power to itsinternal G8 OEM board and 4.5 VDC power to the GPS antenna
connector on the rear of the G8 Evaluator. The 4.5V DC power signal on the antenna
connector is designed for the antennaincluded in the kit. To ensure reliable operation,

36
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simply connect the antenna to the antenna connector and locate the antenna such that
it has aclear view of the entire sky.

monitor inside your office does not provide a clear view of the sky. Moving it to a window may help,
but the window provides only a partial view of the sky. Generally, for optimum operation your
antenna must be outside, away from any natural or man-made object that obstructs or reflects radio
frequency signals. Failure to locate the antenna with a clear view of the sky will impact G8 start time
and accuracy.

% “Clear view of the entire sky” means exactly that. Locating the antenna on top of your computer

Step 5 - Power On the Equipment

Once you have completed steps 1 through 4, you are ready to power on your
equipment. Ensure that, if you are using your own antenna, it meets the specifications
listed in Table 1.6 on page 8, and it operates at 4.5 VDC. If it does not operate at 4.5
VDC, you must provide the correct voltage and must have installed a DC block
between the SMA connector on the G8 Evaluator rear panel and your antenna cable.
Connect the power cable to apower source. If the PWR ON light on the front panel of
the G8 Evaluator is not lit, push the POWER button. The PWR ON light should now
belit.

When the G8 Evaluator is turned on for the first time, be aware of the following
conditions:

1. Thefirst power-on may require that G8 search several minutesto lock on to
enough satellites to compute a position, assuming the antenna has a clear
view of the entire sky. If the antennais obstructed, the initial start may take
longer to acquire satellites. “Cold starts” will typically take around 2

minutes.
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If the G8 hasa valid Almanac and ephemeris, but hasretained a last known position more
than 1000 km from itsactual location, the receiver should be reset using the $SPASHS,INI
command to minimize start time. If not reset, this condition may cause along delay in the
start time of thereceiver.

2. The G8 serial interface turns on at 4800 baud. Your external device (e.g.,
P.C.) must initially communicate with the G8 at this rate. After
communication is established, you can use the PC to change the baud rate.

3. Once the G8is powered on and has completed its initial start process, it
immediately begins calculating position. For firmware revision HCOO or
earlier, the G8 default power-on configuration is NO OUTPUT
MESSAGES. To output position messages, you must turn on the outputs you

Evaluation and Development Kit 37



38

want by using the external device to issue the appropriate commands (refer
to Chapter 5). For firmware revision HDOO or later, the G8 automatically
outputs $GPGGA and $GPVTG NMEA messages on power up. These
messages will contain valid data once the G8 has completed its cold, warm,
or hot start sequence.

The Evaluate software provides simple communication programs designed to
interface to G8 Evaluator. Move on to Step 6 to initiate communication with the G8
Evaluator.

Ashtech recommendsfirst time user s always operate the G8 Evaluator first with Evaluate software.
Once oper ation isunderstood, use Evaluate or other terminal program to send any Set or Query
commands defined in Chapter 5. For configuring G8 Evaluator for RTCM operation, refer to
Chapter 3, Operation and Chapter 5, Command/Response Formats.

Step 6 - Communicateto the G8 Evaluator Using
Evaluate Software

With your G8 Evaluator powered on, you are ready to communicate to it using the
Evaluate software. Open the Evaluate application on your computer. When the
Evaluate opening screen, Figure 4.4, appears select the appropriate activity in the
Start From menu; for the first start-up, this selection will be Connect to GPS

Receiver. From this point on, follow the instructions in the Evaluate User’s Guide.

nnnnnnn

1 View log file

 Emulation

1" Info about Ashtech GPS Receivers supported by Evaluate

I™ Activate Analysis

I¥ Display this menu on startup

For Help, press F1

Drm Am [Hkmh [Wmfs  [310ct1997 1159

Figure 4.4: Evaluate Opening Screen
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Mounting the G8 Evaluator

The G8 Evaluator is shipped in a desktop configuration for desktop use with the
rubber pads installed on the bottom of the case. For hard mounting, remove the rubber
pads and attach the mounting plate to the bottom of the case using the four supplied
screws, then attach the mounting plate to the appropriate surface. Figure 4.5 shows
the hole locations and dimensions of the mounting plate.

[ 5.00 ‘
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,ﬁ 4X R0.075 1.00
AN 7 Wy H
; : ! !
; : ! !
i i I I
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| 3 | | 4500
6.50 | | ; !
3 ; ! i
; : : | m
i i 1 1 5
: ! ! ! <
: : ! ! 2
| | 1 : S
; ; : ! =
: ; ! ! &
" i 1 I
4X 0.116 THROUGH-HOLE 9608

Figure 4.5: Mounting Dimensions (Inches)
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Power and Signal Connections

Figure 4.6 shows the physical configuration. Table 4.7 defines power and input/
output connections on interface cable 730124.

Port C isNEVER utilized for G8. Do not connect any cablesto Port C.

G8 Evaluator

DB-25 Pinout Diagram Interface Cable Pinout Diagram

DB-25
Femnale DB-25 CONNECTOR HOUSING owe
MALE VAL
Not connected 1 mj 12 BLK 1
O [t INT GND 13 RED_Power In 2 (@)
Not connected I O
O Iy me PORT A - DB-9 / MALE
Not used K O 4
O 16 Not used }
Not used I O o - - - 2
17 Not used .
Not used Bl O ORG 3
@) 18 RXD Port B GREEN i
Not used B O =
o @) 19 NIC WHT 8§
GND 7
o 2 CTS Port B BLK S
RTS Port B [ O YEL 9
o O 21 RXD Port A
TXD Port A 9 SHIELD
@) 2 N/C CONN
GND 10 Ne) HOUSING
O 23 CTS Port A DB
RTS Port A i O . POI:T B-DB-9 / MALE
o) 2 9-37 VDC EXT
EXT GND el O POWER IN BRN 2 1 Ne
@) 25 9-37 VDC EXT —
EXT GND N O POWER IN ORG 3 6 NC
GREEN 7 b
=
WHT 8
BLK 5
YVEL 9
SHIELD conn
HOUSING
PORT C - DB-9 / MALE
RED 4
BRN 2 1 NC
ORG 3 N6 NC
et a|
WHT 8 NOT
BLK 5 USED
YEL 9
SHIELD conn
HOUSING HOUSING
9648

Figure 4.6: Interface Cable Layout
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Table 4.7: Power/Input/Output Connections

Connector Pin Dejg?rr\]eilion Function
Power J5 1 | Ground Connector housing-connected to DB25 pin 12
2 | Powerin Power input 9-37 Vdc-connected to DB25 pin 24
DB-25 14 1 | Notused Not connected

2 | Notused Not connected
3 | Ground Connected to DB9 port C pin 5 - not used
4 |RTS Connected to DB9 port C pin 7 - not used
5 |TXD Connected to DB9 port C pin 3 - not used
6 |TXD Connected to DB9 port B pin 3
7 |GND Connected to DB9 port B pin 5
8 |RTS Connected to DB9 port B pin 7 (also, directly connected to J4 pin 20)
9 |TXD Connected to DB9 port A pin 3
10 [GND Connected to DB9 port A pin 5
11 |RTS Connected to DB9 port A pin 7 (also, directly connected to 34 pin 23)
12 | Ground Connector housing-connected to power connector pin 1
13 | Ground Connector housing-connected to pin 12
14 Internal ground
15 | PPS Connected to DB9 port A pin 9
16 |CTS Connected to DB9 port C pin 8 - not used
17 | RXD Connected to DB9 port C pin 2 - not used
18 |RXD Connected to DB9 port B pin 2
19 |EVNT Connected to DB9 port B pin 9
20 |CTS Connected to DB9 port B pin 8
21 |RXD Connected to DB9 port A pin 2
22 | Boot Connected to DB9 port C pin 9
23 | CTS Connected to DB9 port A pin 8
24 | Powerin 9-37 Vdc - connected to power connector pin 2 and DB-25 pin 25
25 | Power in 9-37Vdc - connected to pin 24

Evaluation and Development Kit
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Table 4.7: Power/Input/Output Connections (continued)

Connector Pin Dejg?rr\]eilion Function

DB9-Port A J1 1 | Notused Not connected
2 | RXD Connected to DB25 pin 21
3 |TXD Connected to DB25 pin 9
4 Jumpered to pin 6
5 |GND Connected to DB25 pin 10
6 Jumpered to pin 4
7 |RTS Connected to DB25 pin 11
8 |CTS Connected to DB25 pin 23
9 |PPS Connected to DB25 pin 15

DB9-Port B J2 1 | Notused Not connected
2 |RXD Connected to DB25 pin 18
3 | TXD Connected to DB25 pin 6
4 | Vce Connected to DB25 pin 25
5 | GND Connected to DB25 pin 7
6 | Not used Not connected
7 |RTS Connected to DB25 pin 8
8 |CTS Connected to DB25 pin 20
9 |EVNT Connected to DB25 pin 19

DB9-Port C 33 1 | Notused Not connected

(L :\I/?E;OLTS-I—EIDS 2 |RXD Connected to DB25 pin 17 - not used
FOR G8 3 | TXD Connected to DB25 pin 5 - not used
OPERATION) 4 Egevgie' in-not | 9-37 Vdc - connected to DB25 pin 25 - not used

5 | Ground 9-37 Vdc - connected to DB25 pin 3 - not used
6 | Not used Not connected
7 |RTS Connected to DB25 pin 4 - not used
8 |CTS Connected to DB25 pin 16 - not used
9 | Boot Connected to DB25 pin 22 - not used
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Command/Response Formats
Overview

This chapter details the formats and content of the serial port commands through which

the receiver is controlled and monitored. These serial port commands set receiver

parameters and request data and receiver status information. Use the program

REMOTE.exe software or any other standard serial communication software (including
Ashtech’s Evaluate Software) to send and receive messages. Note that the baud rate and
protocol of the computer COM port must match the baud rate and protocol of the receiver
port for commands and data to be successfully transmitted and received. The receiver
default protocol setting is 8 data bits, 1 stop bit, no parity, and 4800 baud.

All commands sent by the user to the receiver are eéierommands oQuery

commandsSet commands generally change receiver parameters and initiate data output.
Query commands generally request receiver status information. All set commands begin
with the string SPASHS and all query commands begin with the $SPASHQ string. $PASHS
and $PASHQ are the message header and are required for all commands. All commands
must end with <enter> or <CR><LF> to transmit the command to the receiver. If desired,
an optional checksum may precede the <enter> characters. All response messages end
with a <CR><LF>.

The serial commands are presented in three separate groups:

e General Recelver commands - relate to general receiver operations. The
discussion of these commands begins on page 47.

«  NMEA message commands - control standard NMEA data message output or
NMEA style message output. The discussion of these commands begins on p
67.

e RTCM commands - control RTCM differential operation. The discussion of
these commands begins on page 92.

Within each group, the commands are listed alphabetically and described in detail.
Information about the command includes the syntax, a description, the range and def2#m
and an example of how the command is used. The syntax includes the number and type o
parameters that are used or required by the command. These parameters may be either
characters or numbers depending upon the particular command. The parameter type is
indicated by the symbol that is a part of the syntax. The formats of these parameters are a
defined in Table 5.1.

spuewwod
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Table 5.1: Command Parameter Symbols

Symbol Parameter Type Example
d Numeric integer 3
f Numeric real 2.45
c 1 character ASCI|I N
X 1 character ASCII A
S Character string ubD
m Mixed parameter (integer and real) 3729.12345
h Hexadecimal digit FD2C

For example, for the receiver command
$PASHSALT,f

the parameter f indicates that the command accepts a single parameter that is a real
number such as 0.5 or 10.0. If acharacter is entered instead, the command will be
rejected. Generally speaking, the parameter must be in the specified format to be
accepted. However, most parameters that are real numbers (f) will also accept an
integer. For example, in the case of the ALT command the receiver will accept both

10 and 10.0.
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Receiver Set/Query Commands and Responses

Receiver commands change or display various receiver operating parameters such as
antenna position and PDOP mask. Commands may be sent to the receiver through
any available seria port.

- G8 utilizestwo serial ports. Port A isfull duplex and isused asthe primary two-way communication
port for the receiver. When commands are input to this port, the G8 returnsthe appropriate

response to this port. Port B is half-duplex, thereforeit acceptsinput messages but does not output
messages. Port B isused primarily for inputting RTCM correction messages. It ispossibleto send a

Set or Query command to port B, but the command must specify that the response message be sent to
port A by using an “A” in the command field that identifies the serial port to which the response
should be sent. If this is not done, a command sent to port B will generate no response through port A
or B. In fact, there is no response feedback through port B to indicate if the command was rejected or
accepted.

Set Commands
The general structure of the set commandsis
$PASHS,str,x <enter>
where str is a 3-character string identifier, and x is one or more data parameters that
will be sent to the receiver. For example, the set command to change the altitude of
the antenna to 100.25 metersis
$PASHS,ALT,+100.25 <enter>
If aset command is accepted, an acknowledgment message is returned in the form:
$PASHR,ACK*3D
If aset command is not accepted, an non-acknowledgment message is returned in the
form $PASHR,NAK*30. If acommand is not accepted, check that the command has
been typed correctly, and that the number and format of the data parameters are
correct.
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Query Commands
The general structure of the query command is
$PASHQ,str,x <enter>

where str is a 3-character string identifier and x is the serial port where the response

message will be sent. The serial port field is optional. If the seria port is not included

in aquery command, the response is sent to the current port. For example, if you are

communicating with the receiver on Port A and send the following query command:
$PASHQ,PRT <enter>

the response will be sent to port A.
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Responses to query and set commands are only sent to port A. If aquery command is sent to port B,
the port field must be included and must be set to port A. Theresulting response will then be output
through port A.

The format of the response message may either be in a comma-delimited format or in
afree-form table format, depending upon the query command. Be aware that not
every set command has a corresponding query command or response message.

Table 5.2 summarizes the set and query commands that do not have standard NMEA

or NMEA style responses. These are used primarily to set receiver parameters or

query the receiver for parameter information. Commands that generate standard

NMEA responses are provided in “NMEA Data Message Commands & Responses”
on page 67. The pages shown in the table presents detailed descriptions of each
command/query/response.

Table 5.2: Summary of General Receiver Set/Query Commands

Command Description Page
$PASHSALM Upload amanac data 50
$PASHSALT Set ellipsoidal height of antenna 51
$PASHS,DTM Select datum to use 51
$PASHS,FIX Set atitude position fix mode 52
$PASHS,HDP Set HDOP mask for position computation 52
$PASHS,KFP,DYN Set Kalman filter dynamics 54
$PASHQ,KFP,DYN Query for Kalman filter dynamics setting 54
$PASHSLTZ Set local time zone 54
$PASHQ,PAR Receiver parameters query 55
$PASHS,PDP Set PDOP mask 57
$PASHS,PEM Set position elevation mask angle 56
$PASHS,PMD Set position mode 57
$PASHS,POS Set antenna position 58
$PASHQ,PRT Serial port baud rate query 58
$PASHS,PWR,OFF Put receiver into sleep mode 59
$PASHS,RAW,ITA Set inverse differential message 59
$PASHQ,ITA Query for inverse differential message 60
$PASHQ,RID Receiver identification query 61

G8 OEM Board Reference Manual




Table 5.2: Summary of General Receiver Set/Query Commands (continued)

Command Description Page
$PASHS,RST Reset receiver parameters to default values 62
$PASHS,SAV Save user parameters. 62
$PASHS,SPD Set serial port speed 63
$PASHS,UDD Set user-defined datum parameters 64
$PASHQ,UDD Query user-defined datum parameters 64
$PASHS,UID Set user 1D to desired value 65
$PASHQ,UID Query for user ID 65
$PASHS,USE Set satellites to track or not track 65
$PASHS,ZDA Upload initial real-time clock value 66
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ALM: Upload Almanac Data
$PASHSALM

Allows data to be loaded into the almanac store. Thisis used during aided initializa-
tion, and should be used if it is known that the data available to the receiver isinvalid.

The structureis

$PASHS,ALM,d1,d2,h1,h2,h3,h4,h5,h6,h7,h8,h9,h10,h11

where the parameters are as defined in Table 5.3.

Table5.3: ALM Parameters

Parameter Description Range
di Satellite PRN number 1..32
d2 GPS week 0...9999
hl SV health (in ASCII hex) 2 bytes
h2 Eccentricity (in ASCII hex) 4 bytes
h3 Almanac reference time (in ASCII hex) 2 bytes
h4 Inclination angle (semicircles - in ASCII hex) 4 bytes
h5 Rate of ascension (semicircles - in ASCII hex) 4 bytes
h6 Root of semi-major axis (in ASCI| hex) 6 bytes
h7 Argument of perigee (semicircle - in ASCII hex) 6 bytes
h8 Longitude of ascension mode (semicircle - in ASCII hex) 6 bytes
h9 Mean anomaly (semicircle - in ASCII hex) 6 bytes
h10 Clock parameter (seconds - in ASCII hex) 3 bytes
h11 Clock parameter (sec/sec - in ASCII hex) 3 bytes

Dataisin the format of the NMEA amanac message ($GPALM). The data should be

sent using 32 separate messages, one per satellite.

In normal usage, this command should not be needed. However, it can be used in
cases whereit isknown that the almanac datais significantly different, asit speeds up

acquisition of the satellites.
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ALT: Set Ellipsoidal Height of Antenna

$PASHSALT

Sets the ellipsoidal height of the antenna, where f = £99999.99 meters and must
include the sign (+ or -). The receiver uses this data in the position calculation for 2-D
position computation. The structure is

$PASHS ALT,f1
where the parameters are as defined in Table 5.4.

Table5.4: ALT Parameters

Parameter Description Range
sign +or-
value Altitude in meters. Default is 0. 0...99999.99

Example: Set the ellipsoidal height of the antenna to 100.25 meters:
$PASHS,ALT,+100.25 <enter>

Example: Set the ellipsoidal height of the antenna to -30.1 meters:
$PASHS,ALT,-30.1 <enter>

DTM: Select Datum to Use
$PASHS,DTM

Selects the geodetic datum used for position computation and measurements, where s
is a 3-character string that defines a particular datum or USR (user-defined datum).
Parameters for a user-defined datum are entered wisPASHS,UDD command.
WGS-84 is the default datum. If this command is used to select a datum but no datum
has been entered via the UDD command, then the output remains WGS-84.

Example: Select user-defined datum for position computation.
$PASHS,DTM,USR <enter>

where the parameters are as defined in Table 5.5.
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Table5.5: DTM Parameters

Parameter Description Range

USR WGS-84 or user-defined using the command W84 or USR
$PASHS,UDD.
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FIX: Altitude Position Fix M ode

$PASHSFIX

Sets altitude hold position fix mode for the atitude used (for 2D position
determination), whered is O or 1. This command must be used with the
$PASHS,PMD command. The default is 0. The structure is

$PASHSFIX,d
where d isas defined in Table 5.6.

Table5.6: FIX Parameters

Parameter Description

d d = 0 (default): The most recent antenna altitudeis used in antenna hold posi-
tion computation. The altitude is taken from either the atitude entered by the
$PASHS,ALT command, or the last altitude computed.

d = 1: Always use the altitude set by the SPASHS ALT command.

Example: Fix altitude to always use the entered altitude:
$PASHSFIX,1 <enter>

HDP: Set HDOP Mask

$PASHSHDP

Set the value of the Horizontal Dilution of Precision (HDOP) mask, whered isa
number between 0 and 99 (default = 4). The HDOP mask is used to set accuracy
limits on G8 position outputs while operating in the fixed 2D mode. In this mode, if
HDOP is exceeded no position is output. In 3D mode the HDOP mask isignored. The
command structureis

$PASHS,HDP,d
where d is the value of the HDOP mask as defined in Table 5.7.
Example:  Set the HDOP mask to 6.

$PASHS,HDP,6 <enter>
Table5.7: HDOP Parameters
Parameter Range Range
d Value of the HDOP mask. Default is 4. 0...99
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INI: Receiver Initialization
$PASHS,INI,d1,d2,d3,d4,d5,c1

The INI command resets the receiver memory, and setsthe serial port baud rate to the
specified rates. Unlike other set commands, if the INI command is successfully
entered, then the receiver does not return a receiver acknowledgement
($PASHR,ACK), but immediately starts theinitialization. The parameters are as
defined in Table 5.8.

Table5.8: INI Parameters

Parameter Description Range Default

di Port A baud rate code: 0 through 6 | 4 (4800 baud)
0 =300 baud
1=600
2=1200
3=2400
4=4800
5=9600

6 = 19200

d2 Port B baud rate code 0-6 4

d3 Reserved null na

da Reserved null n/a

ds Memory reset code 0,15 n/a
0= no memory reset

1 = reset internal memory

5 = clear ephemeris but not almanac, position, or time

cl Reserved null n/a

- Parameters d3, d4, and c1 must be entered asnull (i.e., include commas), or the command will
respond with NAK.

Example: Set baud rate of port A to 4800, port B to 4800, and reset all memory.
$PASHS,|INI4,4,,,1, <enter>
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KFP DYN: Set Kalman Filter Dynamics
$PASHS KFP,DYN

Sets dynamics operating mode for Kalman filter that best represents the maotion of the
receiver. The structureis

$PASHSKFP,DYN,d
where the parameter d is defined in Table 5.9.

Table5.9: KFPDYN Parameter

Parameter Description Range
d Dynamics mode of the Kalman filter 2,3,4,5
2: Walking
3: Automobile
4: Aircraft
5: Ship

To minimize theimpact of the Kalman Filter, choose parameter setting 4:air craft. If you choose this
setting, we recommend setting the PDOP mask to 12 using $PASHS,PDP command.

$PASHQ,KFP,DYN

The associated query command is $PASHQ,KFP,DY N,c where c is the optional
output port (port A isthe only valid serial port for this query).

Example: Query the Kalman filter dynamics setting to port A:
$PASHQ,KFP,DYN,A <enter>

$PASHR,KFP,DYN

The response message isin the form $PASHR,KFP,DY N,d where d is the dynamic
setting of thefilter as defined in Table 5.9.

LTZ: Set Local Timezone

$PASHSLTZ

Sets the timezone offset to be added to local time to get GMT. The structureis
$PASHSLTZ,d1,d2
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where the parameters are as defined in Table 5.10.

Table5.10: LTZ Parameters

Parameter Description Range
d1 GMT = localtime + timeoffset: hours +00...13
d2 GMT = localtime + timeoffset: minutes 00...59

Theresponseis ACK/NAK.

The default is00,00i.e. atime offset of zero. Thiscommand affects the output of the $GPZDA
response.

||| |

PAR: Receiver Parameter Query

$PASHQ,PAR

Returns the status of general receiver parameters. The structure is
$PASHQ,PAR,X

where x isthe optional output port (A isthe only valid value for x).

A typical response is shown below.

PMD:4 FIX:0 PEM:05 PDP:06 HDP:04

DTM:W84 LTZ:+00,00 SAV:N
USE:YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

CDS: AUTO - - - - -
LAT:0000.000000,N LON:00000.000000,E ALT:+00000.00
NMEA:  ALM GGA GLL GSA GSV MSG POS RMC SAT UKO VTG ZDA XMG
PRTA:
PER: 001.0
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The $PASHQ,PAR response message is free-form and subject to changein
future firmware versions. These messages are not intended to be computer-

readable.
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Table 5.11 defines the response parameters.

Table5.11: PAR Parameters

Parameter Description (Related Command) Range
PMD Navigation position mode ($PASHS,PMD) Oor2
FIX Altitude fix mode ($PASHS,FIX) Oorl
PEM Position elevation mask ($PASHS,PEM) 0-90
PDP PDOP mask ($PASHS,PDP) 0-99
HDP HDOP mask ($PASHS,HDP) 0-99
DTM Select datum ($PASHS,DTM) W84 or USR (user)
USE Use satellite (BSPASHS,USE) Y or N for each satellite
LTZ Local timezone ($PASHS,LTZ) -13,59 to +13,59
SAV Save parameters ($PASHS,SAV) Y (yes) or N (no)
CDS Manua satellite selection ($PASHS,CDS) AUTO (appliesto all

channels) or elseprnor -
for each channel

DIF_RTCM | RTCM differential mode ($PASHS,RTC) OFF/REM
MOD
PRT Port receiving RTCM ($PASHS,RTC) A-D
AUT Auto differential mode ($PASHS,RTC,AUT) Y orN
MAX RTCM maximum age (SPASHS,RTC,MAX) 0-3600
LAT L atitude of the antenna position ($PASHS,POS) 0-90, north or south
LON Longitude of the antenna position ($PASHS,POS) 0-180, east or west
ALT Ellipsoidal height of the antenna (SPASHS,ALT) 0-99999.99
NMEA NMEA message type for output
PRTA Output to port A: period (if enabled) or disabled M essage enabled: 1-999
($PASHS,NME) Message disabled: "_"
PER NMEA message output period 1-999.0
($PASHS,NME
$PASHS,NME,PER)

PEM: Set Position Elevation Mask Angle
$PASHS,PEM

Sets the elevation mask for position computation. The structureis
$PASHS,PEM d
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where d is 0 to 90 degrees. Default is 10 degrees. Satellites with elevation less than
the elevation mask will not be used for position computation.

Example: Set position elevation mask to 15 degrees
$PASHS,PEM,15 <enter>

PDP: Set PDOP Mask for Position Computation

$PASHS,PDP

Sets the Position Dilution of Precision mask. If the PDOP mask is exceeded, no
navigation solution is reported. The PDOP mask is used to set accuracy limits on
position outputs while operating in 3D mode. If PDOP is above the PDOP mask, no
position is output. In fixed 2D mode, the PDOP mask isignored. The command
structure is

$PASHS,PDPd
where the parameter d is as defined in Table 5.12.

Table5.12; PDP Parameters

Parameter Description Range

d Dilution of precision 0...99
Default = 6

PMD: Set Navigation Position Mode
$PASHS,PMD

This command changes the receiver mode to 2D or 3D. The structureis
$PASHS,PMD.d

where d is as described in Table 5.13.
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Table5.13; PMD Parameters

Parameter Description Range

d 2: 2D position is generated; position is held 2or4
4: 3D position is generated. Default is 4.
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POS: Set Antenna Position
$PASHS,POS

Sets the position of the antenna. The command structure is
$PASHS,POS,m1,c1,m2,c2,f1
where the parameters are as defined in Table 5.14.

This command is most often used to load a position to help receiverswithout battery backup to
improve satellite acquisition times.

Table 5.14: POS Parameter Table

Field Description Range

ml Latitude in degrees, decimal minutes 0t090.0
(ddmm.mmmmmm)

cl North (N) or South (S) NorS

m2 Longitude in degrees, decimal minutes 0t090.0
(dddmm.mmmmmm)

c2 East (E) or West (W) EorW

f1 Ellipsoidal height in meters -99999.999 to

+99999.999

Example: Set antenna position (latitude and longitude):
$PASHS,POS,3722.291213,N,12159.799821,W,+15.25 <enter

Entering an incorrect position can causeavery long delay in acquiring satellites.

PRT: Serial Port Baud Rate Query

$PASHQ,PRT

Displays the baud rate setting for the connected communication port. The structureis
$PASHQ,PRT x

where x isthe optional output port. Note that to direct the response message to the
current communication port, the X is not required.
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Example: Query the baud rate of the current port.
$PASHQ,PRT <enter>

$PASHR,PRT

The response to a serial port baud rate query is a message in the format:
$PASHR,PRT x,d*cc

where the parameters are as defined in Table 5.15.

Table5.15: PRT Message Structure

Field Description Range

X serial port AorB

d baud rate code 0 =300 baud
1=600
2=1200

3 =2400
4=4800
5=9600

6 =19200

*cc | checksum n‘a

PWR: Set Sleep Mode
$PASHS PWR,OFF

Directs the receiver to go into sleep mode. This command can only be sent through
port A. In the sleep mode, the receiver uses reduced power. The receiver exits seep
mode when it detects serial port communication activity on either port A or port B.
The message that "wakes up" the receiver may be lost. It is therefore recommended
that a second message be sent to ensure that the receiver has retained the information.

Example:  Put receiver into sleep mode:
$PASHS,PWR,OFF <enter>

RAW,ITA: Enable I TA Data Message

$PASHS RAW,ITA
Enable/disable the ITA raw datamessage. The structure is:
$PASHS,RAW,ITA x,s1,d,s2

where x isthereceiver port, s1isON or OFF, d isthe optional reporting interval from
1t0 999 seconds, and s2 is the optional format (ASC for ASCII, BIN for Binary). The
default message format is binary, reporting once per second.
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Example: Enable the RAW ITA data message to receiver port A in ASCII format.
$PASHS,RAW,ITA,A,ON,ASC <enter>

$PASHQ,ITA

The associated query command is:
$PASHQ,ITA x

where x is the optional output port. Port A is the only valid value for ‘x'.
Example: Query for the Raw ITA data message at port A.
$PASHQ,ITA,a

The G8 will respond to a query command using whatever format was specified by the last set
command, even if that set command had subsequently been turned off.

$PASHR,ITA

The ITA binary response to the set or query command is in the form:
$PASHR,ITA,<structure>*cc

where parameters are listed in Table 5.16.

Table5.16: $PASHR,ITA Response Message Structure (Binary)

Field Description Sizein Bytes Type
uiD Unit ID. ThisID will appear as 0000 if no unit | 4 characters | letter or number
ID has been set. (always ascii)
Time GPS receive time (milliseconds) 4 bytes unsigned long
Clock Offset | Clock offset (meters) 4 bytes float
NSV Number of Svsused in solution 1byte unsigned char
PRN PRN number of first SV 1byte unsigned char
Pseudorange | Pseudo-range of first SV 4 bytes unsigned long
(seconds, scale factor = 3.0e10)
Doppler Doppler of first SV 4 bytes unsigned long
(Hz, scale factor = 5.0e4, bias = 3.0e4)
*cc checksum

This message length is determined by the number of SVsused in the solution. For example, if n=4,
then the PRN number, pseudo range, and doppler will appear in order for each of the 4 SVs. A

message with only 4 SVswill be shorter than a message with 6 SVs (n=6) which would provide PRN,

Pseudor ange, and doppler for each of the six SVs.
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The ITA response in the ASCII format isin the form:
$PASHS,ITA,s1,d2,f3,d4,n(d5,d6,d7)* cc
where nis equal to the number of satellites. Thefields are listed in Table 5.17.

Table5.17: $PASHR,ITA Response Message Structure (ASCI| format)

Parameter Description Units
sl Unit ID n/a
d2 GPStime in milliseconds milliseconds
d3 Clock Offset meters
d4 Number of SVsused in the solution | n/a
d5 PRN number n/a
dé Pseudorange seconds (scale factor =3.0e10)
d7 Doppler Hz (scale factor =5.0e4. bias =3.0e4)
*cc checksum

RID: Receiver ID Query
$PASHQ,RID

Requests information about the receiver type, firmware, and available options. The
structure is

$PASHQ,RID,c
where c isthe optional output port. If ¢ is not specified, output goes to the current
port.
Example: Query the current port for receiver identification

$PASHQ,RID <enter>
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$PASHR,RID

The return message isin the form:
$PASHR,RID,EX,sl,*cc
where the parameters are as defined in Table 5.18.

Table 5.18: $PASHR,RID Structure

Parameter Description Range

sl Firmware version 4 characters

Example: Query: $PASHQ,RID <enter>
Response: $PASHR,RID,EX,HD00

RST: Reset Receiver

$PASHSRST

Resets the receiver parameters to their default values. The RST command resets all
parameters to their default values. For more information on default values, see
Chapter 6.

Example: Reset receiver parameters
$PASHS RST <enter>

SAV: Save User Parameters

$PASHS,SAV

This command saves the current parameters of the system to battery-backed RAM. At
the next power-on (e.g. hardware reset to exit the power saving mode) these saved
parameters are restored. The structureis

$PASHS,SAV c
where the c parameter is Y (yes) or N (no). Y saves parameters now, and restores

them after ahard reset. N returns parameters to default values the next time the
receiver is powered on.

If parameters were changed after issuing the $PASHS,SAV,Y command, but before
power-down, those changes are lost at the next power up.

If the command $PASHS,SAV,N is sent, the parameters of the system are always set
to default values the next time the receiver is powered up.
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Theresponseis ACK/NAK.

Battery backup voltage must be applied to G8 pin 3 (V-back) for new parametersto
be saved after power to the G8 pin (VCC) has been removed.

SPD: Set Serial Port Speed
$PASHS,SPD

Sets the baud rate of the receiver serial port. The structure is

$PASH,SPD,cd
where cisport A or B, and d is a number between 0 and 6 specifying the baud rate as
listed in Table 5.19. Default is 4800 baud.

Table5.19: $PASH,SPD Baud Rate Codes

Code | Baud Rate Code Baud
Rate
0 300 4 4800
1 600 5 9600
2 1200 6 19200
3 2400

== To resume communication with thereceiver after changing the baud rate using this command, be
sureto change the baud rate of the command device.

Example:  Set port A to 19200 baud
$PASHS,SPD A 6 <enter>
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UDD: Set User-Defined Datum Parameters
$PASHS,UDD

Sets the user-defined datum parametersin the receiver memory. The structureis
$PASHS,UDD,d1,d2,f1,f2,f3,f4,f5,6,f7,f8
where the parameters are as defined in Table 5.20.

Table 5.20: $PASHS,UDD Structure

Field Description Range Units
d1 Geodetic datum id. Always0 for WGS84. |0 n/a
d2 Semi-major axis 6300000.0-6400000.0 meters
f1 Flattening in meters. 290.0to 300.0 meters
f2 | Trandationin x direction -1000.0 to +1000.0 meters
f3 Trandation iny direction -1000.0 to +1000.0 meters
f4 Translation in z direction -1000.0 to +1000.0 meters
f5 Rotation in x axis aways 0.0 radians
+ rotation is counter clockwise, and -
rotation is clockwise rotation.
f6 Rotation iny axis aways 0.0 radians
f7 Rotation in z axis aways 0.0 radians
f8 Scale factor. Range -10.00 to +10.00. aways 0.0 n/a

Fieldsf5 - f8 arereserved for future use and should always be set to zero.

Example: Set datum parameters
$PASHS,UDD,0,637 8240, 297.3, 34.2, 121.4, 18.9, 0, 0, O, O <enter>

$PASHQ,UDD

The associated query command is$PASHS,UDD ,awhere aisthe optional output port
and is not required to direct the response message to the current communication port.

Example: Query datum parametersto port A
$PASHQ,UDD,A <enter>

$PASHR,UDD

Theresponseisin the format.
$PASHR,UDD,d1,d2,f1,f2,f3,f4,f5,f6,f7,f8*cc
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where the fields are as defined in Table 5.20.
UID: Set User ID
$PASHS,UID

Setsthe Unit ID for the receiver. The structureis:

$PASHS,UID,s
where sis a4 character identification number selected by the user.
Example: Set user ID to A179

$PASHS,UID,A179

% The UID set command also setsthe user identification number in the POS and I TA messages.

$PASHQ,UID

The associated query command is $PASHQ,UID,c, where c is the optional output
port. This query returns unit 1D to the port specified. Port A isthe only valid value for
S.

$PASHR,UID

Theresponseisin the format:
$PASHR,UID,d*cc

where d is the user identification number.

Example: The response to $PASHQ,UID for the ID number set in the earlier example
is:

$PASHR,UID,A179

reported in the SPASHR,UID response and the $PASHR,POS response. The $PASHR,I TA response

== If no value has been entered through the $PASHS,UI D command, then the default value (null) will be
will report all zerosin the unit identification field.
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USE: Set Satellitesto Use

$PASHS,USE

Selects satellites to track or not track. The structureis
$PASHS,USE,d,c

where d is the PRN number of the satellite (range from 1 to 32) or ALL for all
satellites, and cis'Y (enable) or N (disable).
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Example: Do not track satellite 14
$PASHS,USE,14,N <enter>

ZDA: Upload Initial Real-time Clock Value

$PASHS,ZDA

Allows data to be loaded into the real-time clock. Thisis used to aid acquisition for
receivers that use no battery backup. In normal usage, this command should not be
needed. However, it can be used if it is known that the clock datais significantly

different, asit will speed up acquisition of the satellites. The command structure is

$PASHS,ZDA f1,d1,d2,d3,d4
where the parameters are as defined in Table 5.21.

Table5.21: ZDA Parameters

Parameter Description Range
f1l UTC time (hhmmss.ss) 000000.00 through 235959.99
dl UTC day (dd) 01 through 31
d2 UTC month (mm) 01 through 12
d3 UTC year (yyyy) 0000 through 9999
d4 UTC time zone offset. Must be null. Null

% Thetime zone offset field must be null. Any other value will generate a NAK response.

Entering the wrong time can cause long delaysin acquiring satellites.

Example: Upload real-time clock values where the UTC timeis 13:1530 on 1/15/98
and the local time is 8:15:30:

$PASHS,ZDA ,131530.00,01,15,1998 <enter>
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NMEA Data M essage Commands & Responses

The NMEA message commands control al query and set commands related to
NMEA format messages and miscellaneous messages in an Ashtech NMEA style
format. All standard NMEA messages are a string of ASCII characters delimited by
commas, in compliance with NMEA 0183 Standard Version 2.2. All non-standard
messages are a string of ASCII characters delimited by commas in the Ashtech
NMEA styleformat. Any combination of these messages can be output as long asthe
character 1/O rate for the receiver is not exceeded (400 characters per second). The
output interval is determined by the $SPASHS,NME,PER command or the specific
$PASHS,NME command, and can be set to any value between 1 and 999 seconds.

For each NMEA message type there is a set command, a query command and a
response message. The set command is used to continuously output the NMEA
response message at the specified period. The query outputs a NMEA response
message only once.

Set Commands

The general structure of the NMEA set commandsis
$PASHSNME,str x,s,d <enter>

where x isthe seria port to which the response message should be sent, sis either ON
or OFF, and d is an optional parameter to specify the reporting interval. ON enables
the message and OFF disables the message. The str is a 3-character string that
identifies the NMEA message to be output. If the reporting interval is not set, the
output interval set by the SPASHS,NME,PER command is used. The available strings
are:

ALM, GGA, GLL, GSA, GSV, MSG, POS, RMC, SAT, ZDA

When a set command is sent correctly, the receiver sends a $PASHR,ACK (command
acknowledge) message. If the command is sent incorrectly or the syntax iswrong, the
receiver sends a $PASHS,NAK (command not acknowledged) message. Once
acknowledged, the receiver will output the corresponding NM EA data message at the
interval defined, unless a necessary condition for the message to be output is not
present. For example, the MSG message is hot output unless RTCM differential has
been enabled.

Port A isthe only port that can be used to output NM EA messages.

To disable all NMEA messages, use the $SPASHSNME,ALL command.
To see what NMEA messages have been enabled, use the $PASHQ,PAR command.
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Example: Enable GGA message on port A:
$PASHS,NME,GGA,A,ON <enter>

Example:  Output enabled NMEA messages every 5 seconds
$PASHS,NME,PER,5 <enter>

Query Commands
The general structure of the NMEA query commandsis
$PASHQ,str,x, <enter>

where str is one of the 3-character NMEA strings and X is the serial port to which
response message should be sent (port A isthe only valid port). The serial port fieldis
optional. If aport isnot included, the receiver sends the response to the current port.
Unlike the set commands, the query command initiates a single response message.

Example: Query POS message and send the response to port A
$PASHQ,POSA <enter>

Example: Query GSA message and send the response to the current port.
$PASHQ,GSA <enter>

If the optional port field isnot included, the query must be sent from port A, as messages can not be
output to port B.

Table 5.22 summarizes the NMEA data message commands and responses. A
detailed description of each NMEA command follows Table 5.22.

Table 5.22: NMEA Data Message Commands and Responses

Command Description Page
$PASHSNME,ALL Disable all NMEA messages 69
$PASHSNME,ALM Enable/disable almanac data message 70
$PASHQ,ALM Query almanac data message 70
$GPALM GPS amanac response message 70
$PASHSNME,GGA Enable/disable position response message 72
$PASHQ,GGA Query position response message 72
$GPGGA Position response message 72
$PASHSNME,GLL Enable/disable latitude/l ongitude message 74
$PASHQ,GLL Query latitude/longitude message 74
$GPGLL Latitude/longitude response message 74
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Table 5.22: NMEA Data Message Commands and Responses  (continued)

Command Description Page
$PASHS,NME,GSA Enable/disable satellites used message 76
$PASHQ,GSA Query satellite used message 76
$GPGSA Satellites used response message 76
$PASHS,NME,GSV Enable/disable satellites in view message 77
$PASHQ,GSV Query satellites in view message 78
$GPGSV Satellites-in-view response message 78
$PASHSNME,MSG Enable/disable base station message 79
$PASHQMSG Query base station message 80
$GPMSG RTCM differential response message 80
$PASHS,NME,PER Set send interval - all NMEA messages 82
$PASHS,NME,POS Enable position message 82
$PASHQ,POS Position message query 82
$PASHR,POS Position response message 83
$PASHSNME,RMC Enable recommended minimum course response message 85
$PASHQ,RMC Recommended minimum course query 85
$GPRMC Recommended minimum course response message 85
$PASHSNME,SAT Enable/disable satellite status message 87
$PASHQ,SAT Satellite status query 87
$PASHR,SAT Satellite status response message 87
$PASHSNME VTG Enable/disable velocity/course message 89
$PASHQVTG Query velocity/course message 89
$GPVTG Course over ground and ground speed response message 89
$PASHS,NME,ZDA Enable/disable time and date message 90
$PASHQ,ZDA Query time and date message 90
$GPZDA Time and date response message 91

ALL: Disable All NMEA M essages

$PASHSNME,ALL

Turn off all enabled NMEA messages. The structure is
$PASHSNME,ALL ,x,OFF

where x is the specified serial port.

Command/Response Formats

69

0
e
E:
=
g
o
7




Example: Turn off all NMEA message currently sent out through port A
$PASHSNME,ALL,A,OFF <enter>

ALM: Almanac Message

$PASHSNME,ALM

Enable/disable the almanac message. The structure is
$PASHSNME,ALM x,sd
where x isthe receiver seria port, sis ON or OFF, and d is the optional reporting
interval from 1 to 999 seconds.
Example: Enable ALM message on port A, reporting interval 5 seconds
$PASHS,NME,ALM,A,ON,5 <enter>

$PASHQ,ALM

The associated query command is $SPASHQ,ALM,x, where x is the optional output
port.
Example: Query almanac data message to receiver port A

$PASHQALM A <enter>
$GPALM

There is one response message for each satellite in the GPS constellation. The
response to the set or query command isin the form:

$GPALM,d1,d2,d3,d4,h1,h2,h3,h4,h5,h6,h7,h8,h9,h10,h11* cc
where the parameters are as defined in Table 5.23.

Table 5.23: GPALM Response Message Structure

Parameters Description Range
d1 Total number of messages 01-32
d2 Number of this message 01-32
d3 Satellite PRN number 01-32
da GPS week 4 digits
hl SV hedlth (In ASCII hex) 2 bytes
h2 Eccentricity (In ASCII hex) 4 bytes
h3 Almanac reference time (seconds. In ASCII hex) 2 bytes
h4 Inclination angle (semicircles. In ASCII hex) 4 bytes
h5 Rate of ascension (semicircles/sec. In ASCII hex) 4 bytes
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Table5.23: GPALM Response Message Structure (continued)

Parameters Description Range
h6 Root of semi-major axis (In ASCII hex) 6 bytes
h7 Argument of perigee (semicircle. In ASCII hex) 6 bytes
h8 Longitude of ascension mode (semicircle. In ASCII hex) 6 bytes
h9 Mean anomaly (semicircle. In ASCII hex) 6 bytes
h10 Clock parameter (seconds. In ASCI| hex) 3 bytes
h11 Clock parameter (sec/sec. In ASCII hex) 3 bytes
*cc Checksum

Example:

Query: $SPASHQ,ALM <enter>

Typical response (Table 5.24):
$GPALM,26,01,01,0899,00,1E8C,24,080B,FD49,A 10D58,EB4562,BFE
F85,227A5B,011,000* 0B

Table 5.24: Typica GPALM Response Message

Item Significance
$GPALM Header
26 Total number of messages
01 Number of this message
01 Satellite PRN Number
0899 GPS week number o
00 satellite Health 2
1E8C Eccentricity %
24 Almanac Reference Time
080B Inclination angle
FD49 Rate of ascension
A10D58 Root of semi-major axis
EB4562 Argument of perigree
BFEF85 Longitude of ascension mode
227A5B Mean anomaly
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Table 5.24: Typica GPALM Response Message (continued)

Item Significance
011 Clock parameter

000 Clock parameter

*0B checksum

GGA: GPS Position M essage

$PASHSNME,GGA

This command enabl es/disables the GPS position message. The structureis
$PASHS,NME,GGA x,sd
where x isport A or B, sisON or OFF, and d isthe optional reporting interval from 1
to 999 seconds. If no position is being computed, an empty message is output.
Example: Enable GGA on port A
$PASHSNME,GGA,A,ON <enter>

$PASHQ,GGA x

The associated query message is $PASHQ,GGA x where x is optional the receiver
port where the message will be output. If no position is being computed, an empty
message is output.

Example: $PASHQ,GGA <enter>
$GPGGA

The GGA response message is hot output unless position is computed. The response
message isin the form:

$GPGGA,m1,m2,c1,m3,c2,d1,d2,f1,f2,M,f3,M,f4,d3*cc

Table 5.25: GGA Message Structure

Parameters Description Range
ml Current UTC time of position fix in hours, minutes, and | 00-235959.50
seconds (ddmmss.ss)
m2 L atitude component of position in degrees and decimal 0-90
minutes (ddmm.mmmmmm)
cl Direction of latitude N= North, S= South NorS
m3 Longitudinal component of position in degrees and 0-180

decimal minutes (dddmm.mmmmmm)
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Table5.25: GGA Message Structure (continued)

Parameters Description Range
c2 Direction of longitude E = East, W= West EorW
dl Position type 1,2,9
1. Autonomous position
2. RTCM differentia corrected position or CPD float
position
9. Position computed using a manac information
d2 Number of GPS satellites being used in the position 0-8
computation
f1l Horizontal dilution of precision (HDOP) 0-99.9
f2 Altitude in meters above the reference ellipsoid. For 2-D | -30000.00 to 30000.00
position computation, thisitem contains the user entered
atitude used to compute the position computation.
M Altitude units M = meters M
f3 Geoidal separation in meters +999.99
M Geoidal separation units M = meters M
d3 Age of differential corrections (seconds) 0-999 (RTCM mode)
d4 Base station ID (RTCM only) 0-1023
cc checksum

Example: Query: $PASHQ,GGA <enter>
Typical response (Table 5.26):

$GPGGA,015454.00,3723.285132,N,12202.238512,W,2,4,03.8,00012.12
3,M,-032.121,M,014,0000* 75

0
Table 5.26: Typical GGA Message E
3
2
Item Significance &
$GPGGA Header
015454.00 UTC time

3723.285132 Latitude (ddmm.mmmmmm)

N North Latitude

12202.238512 Longitude (dddmm.mmmmmm)

w West longitude

2 RTCM differential position
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Table 5.26: Typica GGA Message (continued)

Item Significance
4 Number of satellites used in position
38 HDOP

00012.123 Altitude
M Units of altitude (M = meters)
-032.121 Geoidal separation

M Units of geoidal separation (M=meters)
14 Age of correction

0000 Base station 1D

*75 checksum

GLL: Latitude/Longitude M essage

$PASHSNME,GLL
This command enables/disables the latitude/longitude response message. The
structure is

$PASHSNME,GLL ,x,s,d
where x isport A, sis ON or OFF, and d is the optional reporting interval from 1 to
999 seconds. If no position is being computed, an empty message is output.
Example: Enable GLL message on port A

$PASHSNME,GLL,A,ON <enter>

$PASHQ,GLL

The associated query message is $PASHQ,GLL ,x where x is the optional output
serial port. If port is not specified, the current port is used. If no position is being
computed, an empty message is output.

Example: Display GLL message on current port:
$PASHQ,GLL <enter>

$GPGLL

The response message is in the form:
$GPGLL,m1,c1,m2,c2,m3,c3*cc
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where the fields are as defined in Table 5.27.
Table5.27: GLL Message Structure

Parameters Description Range

ml Position latitude in degrees and decimal minutes 0- 90
(ddmm.mmmmmm)

cl Direction of latitude N = North, S= South ‘N' /'S’

m2 Position longitude in degrees and decimal minutes 0-180
(dddmm.mmmmmm)

c2 Direction of longitude W = West, E = East ‘W' /'E’

m3 UTC Time of position in hours, minutes, and seconds 00-235959.50
(hhmmess.ss)

c3 Status, A: valid, V: invalid AV

*cc Checksum

Example: Query: $PASHQ,GLL <enter>

Typical response:
$GPGLL,3722.414292,N,12159.852825,W,202556.00,A* 12

Table 5.28 describes each item in atypical GLL response message.
Table5.28: Typical GLL Response Message

Item Significance

$GPGLL Header

3722.414292 Latitude
N North Latitude

0
e
E:
=
g
o
7

12159.852825 | Longitude

w West Longitude

202556.00 UTC time of position

A Status valid

*12 checksum
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GSA: DOP and Active Satellite M essages

$PASHSNME,GSA
This command enabl es/disablesthe DOP and active satellite message to be sent out to
serial port X. The structureis

$PASHS,NME,GSA x,sd
where x isport A, sis ON or OFF, and d is the optional reporting interval from 1 to
999 seconds.
Example: Enable GSA message on port A

$PASHS NME,GSA ,A,ON <enter>

$PASHQ,GSA

The associated query message is $SPASHQ,GSA ,x where x is the optional output
serial port.

Example: Display GSA message on the current port.
$PASHQ,GSA <enter>

$GPGSA

The response message is in the form (Table 5.29):
$GPGSA cl,d1,d2,d3,d4,d5,d6,d7,d8,d9,d10,d11,d12,d13,f1,f2,f3*cc

Table 5.29: GSA Message Structure

Parameters Description Range
cl Mode: M: manual, A: automatic ‘™M A
d1l Mode: 1: fix not available, 2: 2D, 3: 3D 1-3
d2 - d13 Satellites used in solution (null for unused channel) 1 -32
fl PDOP 0-9.9
f2 HDOP 0-9.9
3 VDOP 0-9.9
*cc Checksum
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Example:
Query: $PASHQ,GSA <enter>

Typical response (Table 5.30):
$GPGSA M, 3,,02,,04,27,26,07,,,,,,3.2,1.4,2.9*39

Table 5.30: Typica GSA Message

Item Significance

$GPGSA Header

M Manual mode

3 3D mode

empty field | Satellitein channel 1

02 Satellite in channel 2

empty field | Satellitein channel 3

04 Satellite in channel 4
27 Satellitein channel 5
26 Satellite in channel 6
07 Satellitein channel 7

empty field | Satellitein channel 8

empty field | Satellitein channel 9

empty field | Satellitein channel 10

empty field | Satellitein channel 11

empty field | Satellitein channel 12

32 PDOP 0
14 HDOP g
2.9 VDOP 2y
*38 checksum

GSV: Satellitesin View M essage

$PASHSNME,GSV

This command enables/disables the satellites-in-view message on the serial port. The
structure is

$PASHSNME,GSV x,sd
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where x isport A, sisON or OFF, and d is the optional reporting interval from 1 to

999 seconds.

Example: Output GSV message on port A
$PASHSNME,GSV,A,ON <enter>

$PASHQ,GSV

The associated query message is SPASHQ,GSV x where x is the optional output

serial port.

Example: Query the GSA message on port A.
$PASHQ,GSV A <enter>

$GPGSV

The response message is in the form:

$GPGSV,d1,d2,d3,n(d4,d5,d6,f1)* cc

where the fields are as described in Table 5.31.

Table 5.31: GSV Message Structure

Field Description Range
d1 Total number of messages 1-3
d2 M essage number 1-3
d3 Total number of satellitesin view 1-12
d4 Satellite PRN 1-32
ds Elevation in degrees 0-90
dé Azimuth in degrees 0-359
f1 SNRin DB-Hz 30.0-60.0
*cc checksum

Example:

Query: $PASHQ,GSV <enter>
Typical response:
$GPGSV,2,1,08,16,23,293,50.3,19,63,050,52.1,28,11,038,51.5,29,14,

145,50.9* 78
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where each item is as described in Table 5.32.

Table 5.32: Typical GSV Message

Item Significance
2 Total number of messages 1..3
1 message number 1..3
8 number of SVsinview 1..12
16 PRN of first satellite 1..32
23 elevation of first satellite 0..90
293 azimuth of first satellite 0...351
50.3 signal-to-noise of first satellite
19 PRN of second satellite
63 elevation of second satellite
050 azimuth of second satellite
52.1 signal-to-noise of second satellite
28 PRN of third satellite
11 elevation of third satellite
038 azimuth of third satellite
51.5 signal-to-noise of third satellite
29 PRN of fourth satellite
14 elevation of fourth satellite
145 azimuth of fourth satellite
50.9 signal-to-noise of fourth satellite
78 message checksum in hexadecimal

M SG: Base Station M essage

$PASHS,NM E,M SG

This command enables/disables the message containing RTCM reference (base)

station messagetypes 1, 3, 9, and 16. The structure is
$PASHSNME,MSG,x,s,d

where x is the output port A, sis ON or OFF, and d is the optional reporting interval
from 1 to 999 seconds.

0
e
E:
=
g
o
7

Unlessthe unit isreceiving differential corrections, thiscommand isignored.
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Example: Enable MSG on port A
$PASHSNME,MSG,A,ON <enter>
$PASHQ,M SG,x
The associated query message is $PASHQ,MSG,x where x is the optional output
serial port.
Example: $PASHQ,MSG,A <enter>

$GPM SG

The response message varies depending upon the message.
RTCM Message
Message Type 1 format:

$GPM SG,d1,d2,f1,d3,d4,d5,m1,n(d6,d7,f2,f3,d8)* cc
Message Type 3 format:

$GPM SG,d1,d2,f1,d3,d4,d5,m1,f2,f3,f4* cc
Message Type 9 format:

$GPM SG,d1,d2,f1,d3,d4,d5,m1,n(d6,d7,f2,f3,d8)* cc
Message Type 16 format:

$GPMSG,d1,d2,f1,d3,d4,d5,m1,s1* cc
Table 5.33 lists the common fields of message Types 1, 3, 9, and 16

Table5.33: Common Fields of Type 1, 3, 9, and 16

Parameters Description Range
d1 RTCM message type 1,3,9,16
d2 Station Identifier 0-1023
f1 Z count 0-9999.9
d3 Sequence number 0-9
d4 Station heath 0-7
d5 Total number of characters after thetimeitem | 0-999
ml Current GPS time of position fix (hhmmss) 00-235959
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Table 5.34 lists the remaining fields for message Type 1 and 9.

Table 5.34: Remainder for Types1and 9

Range Description Range
dé User differential range error (UDRE) 0-9
d7 Satellite PRN number 1-32
f2 Pseudo range correction (PRC) in meters | £9999.99
3 Range rate correction (RRC) in meters/sec  +9.999
ds8 Issue of data (IODE) 0-999
*cc checksum
Table 5.35 lists the remaining fields for message Type 3.
Table 5.35: Remainder for Type 3
Range Description Range
f2 Station X component +9999999.99
f3 Station Y component +9999999.99
f4 Station Z component +9999999.99
*cc checksum

Table 5.36 lists the remaining fields for message Type 16.

Table 5.36: Remainder for Type 16

Range

Description Range

sl

text message sent from base receiver

Up to 80 alpha-numeric cha

*cc

checksum
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Examples:
$GPM SG,01,0000,2220.0,1,0,127,003702,2,12,-0081.30,

+0.026,235,2,13,0022.86,+0.006, 106,2,26,-0053.42,-0.070,
155,2,02,+0003.56,+0.040,120,2,27,+0047.42,-0.004,145* cc

$GPM SG,03,0000,1200.0,7,0,038,231958,-2691561.37,-4301271.02,
+3851650.89* cc

$GPM SG,16,0000,1209.6,5,0,036,232008, THIS IS A MESSAGE SENT
FROM BASE*cc
PER: Set NMEA Send Interval

$PASHSNME,PER,d
Sets send interval of the NMEA response messages in seconds, where d isavalue
between 1 and 999.
Example: Output NMEA messages every 5 seconds:
$PASHS NME,PER,5 <enter>

Longer intervals conserve power .

If a$PASHS,NME,PER command is sent after individual NMEA message output
periods were set, the previous individual message periods are superseded by the more
recent NME,PER value.

POS: Position Message

$PASHSNME,POS

Enable/disable NMEA position response message on specified port. The structure is
$PASHS,NME,POS x,s,d
where x isport A, sis ON or OFF, and d is the optional reporting interval from 1 to
999 seconds. If no position is being computed, an empty message is output.
Example:  Enable position message on port A
$PASHS,NME,POS,A,ON <enter>

$PASHQ,POS

The associated query command is $PASHQ,POS,x where x is the optional output
serial port.

Example: Send POS message to current port
$PASHQ,POS <enter>

G8 OEM Board Reference Manual



$PASHR,POS

The response message is in the form:
$PASHR,POS,d1,d2,m1,m2,c1,m3,c2,f1,f2,f3,f4,f5,f6,f7,8,f9,s* cc

where the fields are as defined in Table 5.37.

Table 5.37: POS Message Structure

Parameters Description Range
dl Raw/differential position 0 through 3
0: Raw; position is not differentially corrected
1: Position is differentially corrected with RTCM code
2: Position is differentially corrected with CPD float solution
3: Position is CPD fixed solution
d2 Number of SVsused in position fix 3 through 12
ml Current UTC time of position fix (hhmmss.ss) 00 through
235959.50
m2 L atitude component of position in degrees and decimal minutes | O through 90
(ddmm.mmmmmm)
cl Latitude sector, N = North, S = South NorS
m3 L ongitude component of position in degrees and decimal 0 through 180
minutes (dddmm.mmmmmm)
c2 Longitude sector E = East, W = West Wor E
fl Altitude above WGS-84 reference ellipsoid in meters. For 2-D | -30000.000
position computation this item contains the altitude held fixed. | through
30000.000
f2 Unit ID (firmware HDOO or |ater) 0to 4 character
string
3 True track/course over ground in degrees 0 through 359.9
f4 Speed over ground in kilometers per hour 0 through 999.9
f5 Vertical velocity in meters per second -999.9 through
+999.9
6 PDOP - position dilution of precision, 0 through 99.9
f7 HDOP - horizontal dilution of precision. 0 through 99.9
8 VDOP - vertical dilution of precision. 0 through 99.9
f9 TDOP - time dilution of precision. 0 through 99.9
s Firmware version ID 4 char string
*cc checksum
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Example:
Query: $PASHQ,POS
Typical response:

$PASHR,POS,0,06,214619.50,3722.385158,N,12159.833768,W,00043.1
10,1234,331.0,000.7,000.0,02.7,01.2,02.4,01.6,HCOC0* 6C

Table 5.38 describes each item in atypical POS message.

Table 5.38: Typical POS Message

Item Significance

$PASHR,POS | Header

0 Raw Position

06 Number of SVsused in position fix

214619.50 UTC time of position fix

3722.385158 | Latitude

N North Latitude

121159.833768 | Longitude

W West Longitude

00043.110 Altitude above ellipsoid (meters)

1234 Unit ID

331.0 Course over ground (degrees)
000.7 Speed over ground (km/hr)
000.0 Vertical velocity (m/sec)

02.7 PDOP

01.2 HDOP

02.4 VDOP

01.6 TDOP

HC00 Firmware version ID

*6C checksum
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RMC: Recommended Minimum Course
$PASHSNME,RMC

Enables or disables NMEA recommended minimum course on specified port. The
command structureis

$PASHSNME,RMC,c,s,d <enter>

wherecisport A, sisON or OFF, and d is the optional reporting interval from 1 to
999 seconds. If no position is being computed, an empty message is output.

Example: Enable RM C message on port A at the PER period:
$PASHSNME,RMC,A,ON <enter>

Example: Enable RM C message on port A at 2-second period:
$PASHSNME,RMC,A,ON,2 <enter>
$PASHQ,RMC

The corresponding query command is $PASHQ,RMC,x where X is the optional
output seria port. If no position is being computed, an empty message is output.

Example: Send RMC message to port A:
$PASHQ,RMC,A <enter>

$GPRMC

The RMC response message isin the form:
$GPRMC,f1,c2,f3,c4,5,c6,f7,f8,59,f10,c11*cc

where the parameters are as defined in Table 5.39.

Table 5.39: GPRMC Parameters

Parameter Description Range

0
e
E:
=
g
o
7

f1l UTC time of the GGA fix associated with this sen- 000000.00...235959.00
tence (hhmmss.ss)

c2 Status A =datavalid
V = navigation receiver warning
3 Latitude (ddmm.mmmm) 0000.0000...8959.99999
c4 L atitude direction N = North
S = South
f5 Longitude (dddmm.mmmm) 00000.0000...17959.9999
c6 Longitude direction E = East
W = West
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Table 5.39: GPRMC Parameters (continued)

Parameter Description Range
f7 Speed over ground, knots 000.0...999.9
8 Course over ground, degreestrue 000.0...359.9
9 Date, mmddyy 010100...123199
f10 Magnetic variation, degrees 0.00...99.99

cll Direction of variation E = East
Easterly variation (E) subtracts from true course. W = West
Westerly variation (W) adds to true course.

*cc Hexadecimal checksum computed by exclusive- 0 through 9 or
ORing al of the bytesin the message between, but not | A through F
including, the $and the*. Theresultis*hhwherehis
ahex character 0- 9 or A-F.

A typical response message is shown below and described in Table 5.40:
$GPRMC,174820.20,A,3759.2459,N,12159.8404,W,518.36,123.12,061697,13.50,W

*cc
Table 5.40: Typica RMC Response Message
Item Significance
$GPRMC Header
174820.20 UTC time of GGA fix
A Status valid
3759.2459 Latitude
N North
12159.8404 Longitude
W West
518.36 Speed over ground, knots
123.12 Course over ground, degreestrue
061697 Date
13.50 Magnetic variation, degrees
w West (adds to true course)
*cc Checksum
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SAT: Satellite Status Query

$PASHSNME,SAT
This command enables/disables the satellite status message to the specified port. The
command structureis

$PASHS,NME,SAT x,s,d
where x isport A, sis ON or OFF, and d is the optional reporting interval from 1 to
999 seconds.
Example: Enable SAT message on port A

$PASHS NME,SAT,A,ON <enter>

$PASHQ,SAT

The associated query message is $PASHQ,SAT,x  where x is the optional output
serial port.
Example: Send SAT message to port A

$PASHQ,SAT,A <enter>

$PASHR,SAT

The response message is in the form:
$PASHR,SAT,d1,n(d2,d3,d4,f1,c)*cc
where the parameters are as defined in Table 5.41.

Table5.41: SAT Message Structure

Parameter Description Range

di Number of SVslocked 1to2

d2 SV PRN number, 1to- 32 g
d3 SV azimuth angle in degrees 0to 359 §
d4 SV elevation angle in degrees 0t0 90 &
f1 SV signal/noiseratio in dB Hz 30.0to0 60.0

c SV used in position computation U = used, - = not used Uor-
*cc checksum
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Example:
Query: $SPASHQ,SAT
Typical response:

$PASHR,SAT,04,03,103,56,50.5,U,23,225,61,52.4,U,16,045,02,51.4,U,4
0,160,46,53.6,U* 6E

Table 5.42 describes each item in atypical SAT response message.

Table 5.42: Typical SAT Message

Item Significance
$PASHR,SAT | Header
04 Number of SVslocked
03 PRN number of thefirst SV
103 Azimuth of thefirst SV in degrees
56 Elevation of thefirst SV in degrees
50.5 Signal strength of the first SV
U SV used in position computation
23 PRN number of the second SV
225 Azimuth of the second SV in degrees
61 Elevation of the second SV in degrees
524 Signal strength of the second SV
U SV used in position computation
16 PRN number of the third SV
045 Azimuth of the third SV in degrees
02 Elevation of the third SV in degrees
514 Signal Strength of the third SV
U SV used in position computation
40 PRN number of fourth SV
160 Azimuth of fourth SV in degrees
46 Elevation of fourth SV in degrees
53.6 Signal strength of fourth SV
U SV used in position computation
6E M essage checksum in hexadecimal
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VTG: Velocity/Cour se M essage

$PASHSNME VTG
This command enables/disables the vel ocity/course message. The structureis
$PASHSNMEVTG,x,s,d

where x isport A, sisON or OFF, and d is the (optional) reporting interval from 1 to
999 seconds. If no position is being computed, an empty message is output.

Example: Enable VTG message on port A, reporting interval 5 seconds
$PASHSNME,VTG,A,ON,5 <enter>
$PASHQ,VTG

The associated query message is $PASHQ,VTG,x where x is the optional output
serial port. If no position is being computed, an empty message is outpui.

Example: Send VTG message to port A
$PASHQ,VTG,A <enter>
$GPVTG

The response message is in the form:
$GPVTG,f1,T,f2,M,f3,N,f4,K*cc

where the fields are as described in Table 5.43.

Table 5.43; VTG Message Structure

Parameter Description Range

f1 COG (Course Over Ground) true north 0-359.99

T COG orientation (T = true north) T

f2 COG magnetic north 0 - 359.99 g
M COG orientation (M = magnetic north) M %
3 SOG (Speed Over Ground) and N for knots 0-999.99

N SOG units (N = knots) N

f4 SOG (Speed Over Ground) 0-999.99

K SOG units (K = Km/hr) K
*cc checksum
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Example:

Query: $PASHQ,VTG <enter>

Typical response:

$GPVTG,004.58,T,349.17,M,000.87,N,001.61,K* 46
Table 5.44 describes each item in atypical VTG message.

Table5.44: Typical VTG Message

Item

Significance

$GPVTG

Header

004.58

Course over ground (COG) oriented to true north

True north orientation

349.17

Course over ground (COG) oriented to magnetic north

Magnetic north orientation

000.87

Speed over ground (SOG) in knots

SOG units (N=knots)

001.61

Speed over ground (SOG) in km/hr

K

SOG units (K=km/hr)

*46

checksum

ZDA: Time and Date

$PASHSNME,ZDA

Enable/disable NMEA time and date message. The command structureis
$PASHS,NME,ZDA x,s,d <enter>
where x isport A, sis ON or OFF, and d is the optional reporting interval from 1 to

999 seconds.

Example: Enable ZDA message on port A at 10-second interval:
$PASHS,NME,ZDA ,A,10 <enter>

$PASHQ,ZDA

The associated query command is $PASHQ,ZDA x where x is the optional output

serial port.

Example: Send ZDA message to port A:
$PASHQ,ZDA A <enter>
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$GPZDA

The NMEA time and date response message is in the form:
$GPZDA ,f1,d1,d2,d3,d4,d5* cc

Table 5.45 defines each field of the $GPZDA message structure.
Table 5.45: GPZDA Time and Date Message Structure

Field Description Range
f1l UTCtime 000000.00 through
235959.99
dl Current day 01 through 31
d2 Current month 01 through 12
d3 Current year 0000 through 9999
da Local zone offset from UTC time (hours) -13 through 13
d5 Local zone offset from UTC time (minutes)
*cc Checksum

Example: Query: $PASHQ,ZDA A <enter>
Typical response: $GPZDA,132123.00,10,03,1996,07,00* ss
Table 5.46 describes each item in atypica $GPZDA response message.

Table 5.46: Typical GPZDA Response Message

Item Description
123123.00 UTCtime

10 Current day
03 Current month

1996 Current year
o7 Local time zone offset (hours portion) g
00 Local time zone offset (minutes portion) g
*22 Checksum ?
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RTCM Commands and Responses

The RTCM commands allow you to control and monitor RTCM real-time differential
operations. For a more detailed discussion of RTCM differential, refer to the RTCM
differential section of the Operations chapter.

Set Commands

All RTCM commands except one are set commands. Using the set commands, you
can modify and enable avariety of differential parameters. If the set command is sent
correctly, the receiver responds with the $PASHR,ACK acknowledgment. If a
parameter is out of range or the syntax is incorrect, then the receiver responds with a
$PASHR,NAK to indicate that the command was not accepted.

Query Commands

Thereis only one query command: $PASHQ,RTC. Use this command to monitor the
parameters and status of RTCM differential operations. The query command has an
optional port field. If the query is sent with the port field left empty, then the response
will be sent to the current port. For example, the query

$PASHQ,RTC <enter>

will output an RTCM status message to the current port, while the command:
$PASHQ,RTC,A <enter>

will output an RTCM status message to port A.
Table 5.47 summarizes the RTCM commands.

Table5.47: RTCM Commands

Function Command Description Page
Genera $PASHSRTC,OFF | Disables differential mode 94
parameters $PASHQ,RTC Requests differential mode parameters and status 92
Remote $PASHSRTC,AUT | Turns auto differential mode on or off 94
parameters $PASHS,RTC,MAX | Sets maximum age of RTCM differential corrections | 94

$PASHSRTC,REM | Setsreceiver to operate as differential remote station 94

RTC: RTCM Status Query

$PASHQ,RTC

Queriesthe RTCM differential status. The structureis
$PASHQ,RTCx
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where x isthe optional output port (A isthe only valid value for port).

The return message is a free-form response format. A typical response message is
shown below.

STATUS:
SYNC: * TYPE: 00 STI D: 0000 STHE: O

AGE:+000 QA:100.00% OFFSET:00
SETUP:
MODE:OFF PORT:B AUT:N
MAX:0015

where the parameters are as defined in Table 5.48.

Table 5.48: RTC Parameters

Parameter Description Range
STATUS
SYNC Sync to last received RTCM message between receiver * =insync
(remote) and base stations.

TYPE RTCM message type being received. 1,3,916

STID Station 1D received from the base station. 0...1023

STHE Station health received from the base station. 0.7

AGE Adge of the received messages (seconds) 0...999

QA Communication quality factor between base and remote 0...100%

OFFSET Number of bits from the beginning of RTCM byte (in case of

bit slippage)
o)
SETUP E

3

MODE RTCM mode REM, OFF 3
%]

PORT Communication port A,B

AUT Automatic differentiad mode Y,N

CODE Code type used in differential CIA

MAX Maximum age, in seconds, required for amessageto beused | 0...3599

MSG Displays message up to 90 characters from base station

Command/Response Formats 93



94

AUT: Set Auto Differential Mode
$PASHS RTC,AUT

Turns auto differential mode on or off. The structureis
$PASHS,RTC,AUT,C

wherecisY (or ON) or N (or OFF). When in auto-diff mode, the receiver generates
uncorrected positions automatically if differential corrections are older than the
maximum age, or are not available. DefaultisY (ON).

Example: Turn auto differential mode off
$PASHS,RTC,AUT,N <enter>

MAX: Set RTCM Differential Data Age
$PASHSRTC,MAX

Set the maximum age in seconds of an RTCM differential correction above which it
will not be used. The structureis

$PASHS,RTC,MAX.,d

where d is any number between 1 and 1199. Default is 15.
Example: Set maximum age to 30 seconds
$PASHS,RTC,MAX,30 <enter>

OFF: Disable RTCM
$PASHS RTC,OFF

Disables base or remote differential mode.
Example: Turn RTCM off
$PASHS,RTC,OFF <enter>

REM: Enable Remote RTCM

$PASHS,RTC,REM
Set the receiver to operate as an RTCM differential remote station. The structureis
$PASHS RTC,REM ,x

where x isport A or B for differentia inputs.
Example: Set receiver as differential remote using port B for input of corrections.
$PASHS, RTC,REM,B <enter>
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G8 Search Strategy & Position Algorithms

Satellite Selection

The G8 search manager tracks the eight satellites with the highest elevation. Only healthy
satellites are tracked; unhealthy satellites are ignored. If fewer than eight satellites are
available above the horizon, the remaining channels are drawn from alist of all GPS
satellites. Thelist is maintained in ROM.

During cold start conditions, when satellite visibility information cannot be computed, the
search manager selects satellites by drawing in turn from the ROM list. This satellite
selection maximizes the probability of quickly selecting avisible satellite.

When satellite visibility is available for only a subset of the satellites (e.g. for severa
minutes after cold start), the search manager selects the eight satellites with the highest
elevation with known visibility. If fewer than eight satellites are known to be visible, the
remaining channels are assigned to satellites with unknown visibility by drawing from the
ROM list used for cold start.

False Position Condition

If the receiver has been powered on for five minutes and no position has been computed,
one channel of the receiver is dedicated to sequentially searching for satellites that are
calculated to be below the horizon. If any of these satellites are locked the search manager
resets and performs a cold start.

Once a position is obtained, the search manager ceases searching for satellites below the
horizon. The strategy can be re-invoked only by cycling power or resetting the receiver.

Theintent hereisto ensure that the receiver will successfully acquire even if the last
known position isinvalid or if the real-time clock time is incorrect.

If the G8 hasa valid Almanac and ephemeris, but hasretained a last known position more
than 1000 km from itsactual location, the receiver should bereset using the $SPASHS,INI
command to minimize start time. If not reset, this condition may cause along delay in the
start time of thereceiver.
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Search Strategy

During normal operation conditions, the search strategy dedicates one channel to each
satellite in the satellite assignment.

During startup and reacquisition conditions the search strategy dedicates seven or
eight channelsto a single satellite for searching. Satellites are searched for
sequentially, cycling among the highest five satellitesin the satellite selection. This
strategy improves acquisition time when the clock uncertainty isvery large.

Position M odes

The G8 may operate in either of two modes to return a position computation. The
$PASHS,PMD command, or equivalent, is used to select the mode.

3D Mode

3D modeisthe standard mode of operation. In 3D mode, four satellites are required to
be locked for the initial position fix. After theinitial fix, however, thereisno
requirement for any particular number of satellitesto be locked. Rather, G8 continues
to operate by using whatever satellites are locked, propagating its internal solution
and reporting the predicted position until PDOP exceeds PDOP mask. Latitude,
longitude, altitude, and time are computed in this mode.

2D Mode

In 2D mode, the G8 calculates latitude, longitude, and time, and holds altitude
constant. The value to use for altitude is determined by the SPASHSALT and
$PASHS,FIX commands.

When FIX isset to 1, the 2D dtitude is aways the altitude entered viathe
$PASHSALT command. However, when FIX is set to 0, the altitude is the most-
recently-determined altitude, which may be either that entered viathe SPASHSALT
command, or the altitude from the last computed 3D determination that passed the
PDOP test.

The G8 requires at least three satellites to be locked for theinitial 2D position fix.
After theinitial fix, however, there is no requirement for any particular number of
satellites to be locked. Rather, G8 continues to operate by making use of whatever
satellites are locked, propagating its internal solution and reporting the predicted
position until HDOP exceeds HDOP mask.

Position Filtering and Prediction

The G8 firmware includes a position filtering and prediction algorithm (Kaman
filter) that provides smooth and continuous positioning information under conditions
such as city driving, where satellites are being constantly obscured. This capability
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provides the highest availability and the fewest discontinuities (e.g. position jumps)
consistent with stand-alone GPS accuracy.

The algorithm operates at a1 Hz rate. In each cycle, the position and vel ocity
estimates are updated based on previous position and velocity information and new
GPS measurements, if available. The update accounts for the relative uncertainties
associated with the predicted and measured data. The filter uses dynamics chosen by
the user ($PASHS,KFP,DYN command or equivaent), e.g. an automotive
environment (limited acceleration, especially along the Z axis), and clock dynamics
associated with a crystal oscillator. Thefilter has a cutoff so that no positions are
output when the expected accuracy falls below an accuracy threshold set by the
PDOP mask.

The algorithm makes use of GPS measurements even when too few satellites are
locked to allow a new position to be computed.

A command is provided so that the G8 will operate optimally under differing dynamic
conditions. The $PASHS KFP,DYN command sel ects position-algorithm parameters
for pedestrian, automobile, aircraft, and ship applications. In any dynamics mode, the
G8 produces a smooth position track rather than the best instantaneous |ocation
measurement of each individual epoch. The filter has been tuned for each expected
dynamic environment, chiefly characterized by the maximum accel eration that can be
expected, aslisted in Table 6.1. The track reported will show some overshoot when
these limits are exceeded. Extreme accelerations (perhaps several times the value
shown in the table) may cause the reported position to deviate from the true position.

Table 6.1: Dynamics Parameters

Dynamics M ode Expected M aximum Acceler ation
Pedestrian 01G
Automobile 05G
Aircraft 10G
Ship 01G

To minimize theimpact of the Kalman Filter, choose parameter setting 4:air craft. If you choose this
setting, we recommend setting PDOP to 12 using $PASHS,PDP command.

Missile Technology Control Regime (MTCR)

Whenever the G8 has calculated a position and has determined that either the G8
atitudeis greater than 60,000 feet (18,288 m), or the velocity is greater than 1,000
knots (514 m/sec), then the MTCR limits are considered to be exceeded. In either
case, the G8 produces no valid position information.
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Other G8 Operational Characteristics

Conversions

The G8 can perform the following conversions:

e Convert latitude and longitude rates to course over ground (COG) and speed
over ground (SOG). In case of speeds below 1 m/s, the last known course is
held.

e Convert course over ground from true bearing to magnetic bearing. This is
computed from a table containing global magnetic variations.

e Convert altitude from height above WGS-84 ellipsoid to mean sea level,
using a table containing a geoid undulation model

Self Test

Built In Test (BIT) algorithms determine the general health of the G8 memory and
verify the integrity of information saved in backup RAM. Invalid data are not used.

Watchdog Timer

The G8 utilizes a watchdog timer to enable it to recover from firmware errors. In
normal operation, the timer is regularly reset. If an irreversible firmware error occurs,
the timer will expire and the receiver automatically restarts.

System Parameter Settings

The G8 can save all current parameter settings using a $PASHS command such that
during a power interruption these settings will be utilized when power is restored. A
$PASHS command can also be used to revert to default settings.

Sleep Mode

The G8 can be set via software command to enter a sleep mode where less power is
consumed. The sleep mode has the following characteristics:

* The $PASH,PWR command places the G8 in a sleep state.
e Activity on the RS-232 port returns the G8 to the power-on state.

Long-Term Operation

The G8 is capable of long-term non-stop operation. None of the following events will
affect operation or cause any change in performance during continuous operation for
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one week:
*  Week rollover (weekly)
*  Week 1023 rollover
e Year 2000 rollover
e Leap second change

Datum Support

The standard datum supported is WGS-84. Other datums (user-defined) can be loaded
using the $PASHS,UDD command described on page 64.

Detailed G8 Performance Characteristics

Accuracy

G8 accuracy is defined in terms of horizontal 95% and circular error probable (CEP)
as listed in Table 6.2. All measurements assume SA is on.

Table 6.2: Accuracy Specifications

Mode G8 Test Conditions
Autonomous CEP (50%) 40m Autonomous Guidelines:
Autonomous horizontal 95% 100m Precision antenna
Autonomous vertical 95% 156m 10° elevation angle
Autonomous speed 0.2 km/h

Autonomous directional at 40 km/n 0.2 degree

DGPS CEP (50%) 3m DGPS Guidelines

DGPS horizontal 95% 5m Magnetic mount antenna

DGPS vertical (50%) 6.5m 10° elevation angle

DGPS speed 0.1 km/h Test horz. position per note 4 below
DGPS directional at 40 km/h 0.1° Test speed and direction per note 3 below

ACCURACY NOTES:
1. Horizontal 95% accuracy definition: The circle, centered at the known antenna
position, that contains 95% of the points in a horizontal scatter plot.

2. CEP accuracy definition: The circle, centered at the known antenna position, that
contains 50% of the points in a horizontal scatter plot. This is the same as typical
accuracy, since half the positions are more accurate than this, half are less accurate.
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3. Speed and Direction: Measured with simulator, without S/A, speed of 40 km/h.
4. M easure DGPS accuracy using an Ashtech G12 reference station with Marine/
Survey antenna on a short baseline (<10km), with arate of differential corrections set
at once per second at 300bps. Disregard wireless communication latency by utilizing
hardwire connection.

5. Accuracy measurement assumes the antenna has a clear view of the sky and uses
the highest satellites above a 10° elevation, with HDOR4, PDOP<6.

TTFF (TimeTo First Fix)

TTFF (Time To First Fix) is defined as the time from when the receiver is turned on
to the time that three or more satellites are tracked and a valid position is calculated.
Performance is as specified in Table 6.3.

Table 6.3: TTFF and Reacquisition Performance

Approxima . valid valid | AverageTime
. te Position Valid . . .
Typical ) Ephemeris Time in Seconds
Mode (w/in Almanac )
Example (2-4 hoursold) | (w/in 10 (50th
several 100 min) er centile)
km) P
Cold start - Fresh out no no no no 120
TTFF of the box
Warm start Receiver yes yes no yes 45
TTFF off over-
night
Hot start- Receiver yes yes yes yes 10
TTFF off at
lunch
TTFF NOTES:

For a receiver that starts with an estimated position which is wildly incorrect (the
estimated position is the diametrically-opposite point on the earth) the TTFF time is
approximately 25 minutes in the warm start and hot start cases.

Four satellites (3D) are required for cold start in the default configuration. The
receiver may be commanded to start in a 3 satellite mode (2D).

If the G8 has a valid ailmanac and ephemeris, but hasretained a last known
position mor e than 1000 km from its actual location, thereceiver should be
reset using the $PASHS,INI command to minimize start time. If not reset,
this condition may cause a long delay in the start time of the receiver.
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Reacquisition Times

Table 6.4: Reacquisition Times

Reacquisition is defined as the time between signal blockage from all satellites and
the time that three or more satellites are tracked and a valid position is calcul ated.
Performanceis as specified in Table 6.4.

Mode Description Typical Example Average
(50th Per centile)
Reacquisition Temporary blockage Under over-pass <lsec
(<10 sec blockage)
Reacquisition Temporary blockage In short tunnel <3sc
(<1 min blockage)
Reacquisition Temporary blockage In parking garage <10sec

(10 min blockage)

Default Operational Parameters

Table 6.5: Default Parameters

The G8 has the default operational parameters listed in Table 6.5. These parameters
can be changed using theindicated set command; detailed explanations of the set com-
mands are presented in chapter 5.

Item Default Value Set Command Page
Latitude None $PASHS,POS 58
Longitude None $PASHS,POS 58
Altitude None $PASHS,POS 58
Navigation Position Mode 4 $PASHS,PMD 57
2D Altitude 0 $PASHSALT 51
HDOP Mask 4 $PASHS,HDP 52
PDOP Mask 6 $PASHS,PDP 55
Elevation Mask 5 degrees above horizon $PASHS,PEM 55
Datum WGS-84 $PASHS,DTM 51
Satellites inhibited none $PASHS,USE 65
DGPS positioning OFF $PASHS,RTC 92
Auto Differential Mode Enabled $PASHS,RTC,AUT 94
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Table 6.5: Default Parameters (continued)

Item Default Value Set Command Page
Differential Data Age Selection | 15 seconds $PASHS,RTC,MAX 94
Serial port A speed 4 (corresponds to 4800 bps) $PASHS,SPD 63
Serial port B speed 4 (corresponds to 4800 bps) $PASHS,SPD 63
Altitude Position Fix Mode 0 $PASHS,FIX 52
Kalman filter dynamics mode 3 $PASHS,KFP,DYN 54
Timezone offset 00:00 $PASHSLTZ 54
Enable ALM msg to port A, OFF $PASHSNME,ALM 70
Enable GGA msg to port A, ON (HDQO or later) $PASHSNME,GGA 72
Enable GLL msg to port A, OFF $PASHSNME,GLL 74
Enable GSA msg to port A, OFF $PASHS,NME,GSA 76
Enable GSV msg to port A, OFF $PASHSNME,GSV 77
Set RMC A, OFF $PASHSNME,RMC 85
Enable VTG msg to port A, ON (HDOO or later) $PASHSNMEVTG 89
Enable ZDA msg to port A, OFF $PASHS,NME,ZDA 90
Enable M SG msg to port A, OFF $PASHS,NME,MSG 79
Enable POS msg to port A, OFF $PASHS,NME,POS 82
Enable UKO msg to port A, OFF n/a na
Enable SAT msg to port A, OFF $PASHSNME,SAT 87
Enable XMG msg to port A, OFF n/a n/a
Receiver update interval 1 second $PASHSNME,PER 82
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Troubleshooting

Listed below are some tests and fixes for common problems that you may encounter when
installing and configuring the G8 GPS OEM board.

o
Q,
Q
3
8

TTL-to-RS-232 Conversion

If you are using a TTL-t0-RS-232 converter for your G8 OEM board, verify that the level
conversion is correct (i.e., 5 volts to 12 volts), as described in “Communication Port Setup”
on page 14.

Port Setup

Verify the port default setup of 8 bits, no parity, 1 stop bit, 4800 baud as described in
“Communication Port Setup” on page 14. This setup must be consistent with the
communication parameters used by your computer or other processing device.

RTSICTS

RTS/ICTS are connected together in the G8 Evaluator, but not in the G8 OEM board. If
you do not have the G8 Evaluator, your will have to manage the RTS/CTS required by
your computer or other processing device, as described in “RTS/CTS Considerations” on
page 15.

Factory Defaults

To clear unknown parameters, you can reset to factory defaults using the $SPASHS,INI
command, as described on page 53.

Saving Parameters

If you are losing your user-defined parameters during a power cycle, be sure to save them
prior to the power cycle by using the $PASHS,SAV,Y command, as described on page 62.
Also, for parameters to be saved through a power cycle, there must be appropriate battery
backup power provided at pin 3 (V_BACK).

L ogging Data

Ashtech does not recommend logging data with unique PC application programs other
than Ashtech’s Evaluate program.

Troubleshooting 103
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Glossary

Aerotriangulation (phototriangulation) an arbitrary number of carrier cycles; the
A complex process vital to aerial uncertainty of the number of carrier cycles a
Photogrammetry that involves extending receiver is attempting to count. If wavelength is
vertical and/or horizontal control so that the known, the distance to a satellite can be computed
measurements of angles and/or distances on once the number of cycles is established via

overlapping photographs are related to a spatial carrier-phase processing.
solution using the perspective principles of the

photographs. Aerotriangulation consists of AMI

mathematically extending the vectors/angles of ATM Management Interface
thetriangular pattern of knownreference points ANT

on or near the designated photo-block terrain Antenna
upward through a rectangle representing the Antenna

area ofthe pho'Fo-bIock (as seen by the camera S\ variety of GPS antennas ranging from simpler
optical center) in such a way that the tree-pomtmiCrostrip devices to complex choke ring

te_rraln ”'ar_‘g'_e and the camera S €ye three'p()lmantennas that mitigate the effects of multipath
triangle (within the photographic frame) are

scattering.

analogous.
AET Anti-Spoofing (AS)
The process of encrypting the P-Code modulation
After .
sequence so the code cannot be replicated by
AGE hostile forces. When encrypted, tReCode is
Age of Data referred to as th¥-Code.
ALM ASCII
SeeAlmanac American Standard Code for Information
Almanac Interchange. A set of characters (letters, numbers,

A set of parameters used by a GPS receiver to_symbols) used to display and transfer digital data

predict the approximate locations of all GPS in human-readable format.
satellites and the expected satellite clock  Atomic clock

offsets. Each GPS satellite contains and A clock whose frequency is maintained using
transmits the almanac data for all GPS satelliteselectromagnetic waves that are emitted or
(SeeEllipsoid). absorbed in the transition of atomic particles
ALT betw_een energy gtates. The _frequency of an
Altitude atomic transition is very precise, resulting in very

stable clocks. A cesium clock has an error of
about one second in one million years. For
Ambiguity redundancy purposes, GPS satellites carry
The initial bias in a carrier-phase observation of multiple atomic clocks. GPS satellites have used
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rubidium clocks as well as cesium clocks. The A-Code modulates only the L1 carrier frequency
GPS Master Control Station uses cesium clocks on GPS satellites. GPS satellite navigation signals
and a hydrogen master clock. are broadcast on two L-band frequencies, L1 is

Argument of latitude 1575.42 MHz, and L2 is 1227.6 MHz.

The sum of the true anomaly and the argument  Carrier phase
of perigee. The phase of either the L1 or L2 carrier of a GPS
signal, measured by a receiver while locked-on to

Argument of perigee the signal (also known as integrated Doppler).

The angleor arc from the ascending nodeto the
closest approach of the orbiting body to the CEP

focus or perigee, as measured at the focus of an Circular error probable. That vertical circle
elliptical orbit, in the orbital plane in the through the elevated celestial pole, It also passes
direction of motion of the orbiting body. through the other celestial pole, the astronomical

Ascending node zenith, and the nadir..

The point at which an object’s orbit crosses thehannel
reference plane (e.g., equatorial plane) from Referstothe hardware in a receiver that allows the
south to north. receiver to detect, lock-on and continuously track
the signal from a single satellite. The more
AZM . :
SeeAZM receiver c_hannels ava|l_able, the greater number of
satellite signals a receiver can simultaneously
Bandwidth lock-on and track.
A measure of the information-carrying capacit&hip
of a signal expressed as the width of the
spectrum of that signal (frequency domain
representation) in Hertz.

Baseline
The measured distance between two receivers
or two antennas

The length of time to transmit either a zero or a
one in a binary pulse code..

Chip rate
Number of chips per second (e.g., C/A code =
1.023 MHz).

Circular Error Probable
The radius of a circle, centered at the true location,
within which 50% of position solutions fall. CEP
BIN is used for horizontal accuracy..
Binary Index (file)

Bias
Seelnteger biasterms

Clock offset
C/A The difference in time between GPS time and a
Coarse Acquisition satellite clock or a sensor clock (less accurate).

radios use the same frequency both with each one
having a separate and unique code. GPS uses

A sequence of 1023 bits (0 or_l) that repeats CDMA techniques with Gold’s code from their
every millisecond. Each satellite broadcasts a . : .
unique cross-correlation properties.

unique 1023-bit sequence that allows a receiver
to distinguish between various satellites. The C/

C/A code
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COG
Course Over Ground

Constellation
Refers to the collection of orbiting GPS
satellites. The GPS constellation consists of 24
satellitesin 12-hour circular orbitsat an altitude
of 20,200 kilometers. In the nominal
congtellation, four satellites are spaced in each
of six orbital planes. The constellation was
selected to provoke a very high probability of
satellite coverage even in the event of satellite
outages..

CTD
Course To Destination

Cycledip
A loss of count of carrier cycles asthey are
being measured by a GPS receiver. Loss of
signal, ionosphericinterferenceand other forms
of interference cause cycle slipsto occur.

DGPS
Differential Global Positioning System

Differential GPS (DGPS)
A technique whereby datafrom areceiver a a
known location is used to correct the data from
areceiver at an unknown location. Differential
corrections can be applied in real-time or by
post-processing. Since most of the errorsin
GPS are common to usersin awide area, the
DGPS-corrected solution is significantly more
accurate than anormal SPS solution.

Differential processing
GPS measurements can be differenced between
receivers, satellites, and epochs. Although
many combinations are possible, the present
convention for differential processing of GPS
measurements is to take differences between
receivers (single difference), then between
satellites (doubl e difference), then between
measurement epochs (triple difference). A

Glossary

single-difference measurement between receivers
is the instantaneous difference in phase of the
signal from the same satellite, measured by two
receivers simultaneously. A double-difference
measurement is the difference for a chosen
reference satellite. A triple-difference
measurement is the difference between a double
difference at one epoch and the same double
difference at the previous epoch.

Differential (relative) positioning
Determination of relative coordinates of two or
more receivers which are simultaneously tracking
the same satellites. Dynamic differential
positioning is a real-time calibration technique
achieved by sending correctionsto theroving user
from one or more reference stations. Static
differential GPS involves determining baseline
vectors between pairs of receivers.

Dilution of Precision (DOP)
A measure of the receiver-satellite(s) geometry.
DOP relates the statistical accuracy of the GPS
measurements to the statistical accuracy of the
solution. Geometric Dilution of Precision
(GDOP) is composed of Time Dilution of
Precision (TDOP); and Position Dilution of
Precision (PDOP), which are composed of
Horizontal Dilution of Precision (HDOP); and
Vertical Dilution of Precision (VDOP).

DOP
Dilution of Precision

Doppler aiding
The use of Doppler carrier-phase measurements
to smooth code-phase position measurements.

Doppler shift
An apparent change in signal frequency which
occurs as the transmitter and receiver move
toward or away from one another.

Double difference
The arithmetic differencing of carrier phases
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measured simultaneously by a pair of receivers
tracking the same pair of satellites. Single
differences are obtained by each receiver from
each satellite; these differences are then
differenced in turn, which essentially deletesall
satellite and receiver clock errors.

DTD
Distance to Destination

Dynamic positioning
Determination of atimed series of sets of
coordinates for amoving receiver, each set of
coordinates being determined from asingledata
sample, and usually computed in real-time.

Earth Centered, Earth Fixed (ECEF)
A cartesian coordinate system centered at the
earth’s center of mass. The Z-axisis aligned
with the earth’'s mean spin axis. The X-axisis
aligned with the zero meridian. TheY-axisis
90 degrees west of the X-axis, forming aright-
handed coordinate system.
ellipse to itsfocus to the semimajor axis.
e=(1- b2/a2)-1/2 where aand b are the
semimajor and semiminor axes of the ellipse.

EDOP
Elevation Dilution of Precision

ELEV
Elevation

Elevation
Height above mean sealevel. Vertical distance
above the geoid.

Elevation mask
An adjustable feature of GPS receivers that
specifies that a satellite must be at least a
specified number of degrees above the horizon
before the signals from the satellite are to be
used. Satellitesat low elevation angles (five
degreesor less) havelower signal strengthsand
are more proneto loss of lock thus causing
noisy solutions.

Glossary-4

Elevation mask angle
That angle below whichit isnot advisableto track
satellites. Normally set to 15 degreesto avoid
interference problems caused by buildings and
trees and multipath reflections.

Ellipsoid
In geodesy, unless otherwise specified, a
mathematical figure formed by revolving an
ellipse about its minor axis. It is often used
interchangeably with spheroid. Two quantities
define an ellipsoid; the length of the semimajor
axis, a, and theflattening, f =- (a- b)/a, wherebis
the length of the semiminor axis. Prolate and
triaxial ellipsoids are invariably described as
such.

Ellipsoid height
The measure of vertical distance above the
ellipsoid. Not the same as elevation above sea
level. GPS receiver output position fix height in
the WGS-84 datum.

Ephemeris
A set of parameters used by a GPS receiver to
predict the location of a single GPS satellite and
its clock behavior. Each GPS satellite contains
and transmits ephemeris datafor its own orbit and
clock. Ephemeris datais more accurate than the
almanac data but is applicable over a short time
frame (four to six hours). Ephemerisdatais
transmitted by the satellite every 30 seconds.

Epoch
Measurement interval or data frequency, asin
making observations every 15 seconds. Loading
datausing 30-second epochs means|oading every
other measurement.

FCC
Federal Communications Commission

Firmware
The coded instructions relating to receiver
function, and (sometimes) data processing
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algorithms, embedded as integral portions of
the internal circuitry.

Flattening
f=(abfa=1-(1-e2) Y2where
a=semimajor axis
b = semiminor axis
e = Eccentricity

GDOP
Geometric Dilution of Precision. The
rel ationship between errorsin user position and
time and in satellite range. GDOP? = PDOP? +
TDOP2. See Position Dilution of Precision.

Geodetic datum (horizontal datum)
A specifically oriented ellipsoid typically
defined by eight parameters which establish its
dimensions, define its center with respect to
Earth’s center of mass and specify its
orientation in relation to the Earth’s average
spin axis and Greenwich reference meridian.

Geodetic height (ellipsoidal height)
The height of a point above an ellipsoidal
surface. The difference between a point’s
geodetic height and its orthometric height
equals the geoidal height.

Geoid
The equipotential surface of the Earth’s gravity
field which best fits mean sealevel. Geoids
currently in use are GEOID84 and GEOID90.

Geoidal height (geoidal separation;
undulation)
The height of a point on the geoid above the
ellipsoid measured along a perpendicul ar to the
ellipsoid.

GLL
Position Latitude/L ongitude

GMST
Greenwich Mean Siderea Time

Glossary

GPSDIFF
Differentid

GPSICD-200
The GPS Interface Control Document is a
government document that contains the full
technical description of the interface between the
satellites and the user. GPS receiver must comply
with this specification if it is to receive and
process GPS signals properly.

GPS week
GPS time started at Saturday/Sunday midnight,
January 6, 1980. The GPSweek isthe number of
whole weeks since GPS time zero.

Greenwich mean time (GMT)
Seeuniversal time. Inthistext, they are often used
interchangeably.

HDOP
Horizontal Dilution of Precision. See Dilution of
Precision.

HI
Height of Instrument

HTDOP
Horizontal/Time Dilution of Precision. See
Dilution of Precision.

ID
Identification or Integrated Doppler

Integer biasterms
The receiver counts the carrier waves from the
satellite, asthey passthe antenna, to ahigh degree
of accuracy. However, it hasno information of the
number of waves to the satellite at the time it
started counting. This unknown number of
wavelengths between the satellite and the antenna
isthe integer bias term.

Integrated Doppler
A measurement of Doppler shift frequency or
phase over time.
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lonosphere
Refers to the layers of ionized air in the
atmosphere extending from 70 kilometersto
700 kilometers and higher. Depending on
frequency, the ionosphere can either block
radio signals completely or change the
propagation speed. GPS signals penetrate the
ionosphere but are delayed. The ionospheric
delays can be predicted using models, though
with relatively poor accuracy, or measured
using two receivers.

lonospheric delay
A wave propagating through the ionosphere
[which is a nonhomogeneous (in space and
time) and dispersive medium] experiences
delay. Phase delay dependson electron content
and affects carrier signals. Group delay
dependson dispersionintheionosphereaswell,
and affects signal modulation (codes). The
phase and group delay are of the same
magnitude but opposite sign.

Julian date
The number of days that have elapsed since 1
January 4713 B.C. inthe Julian calendar. GPS
time zero is defined to be midnight UTC,
Saturday/Sunday, 6 January 1980 at
Greenwich. The Julian date for GPS time zero
iS2,444,244 5.

Kalman filter
A numerical method used to track atime-
varying signal in the presence of noise. If the
signal can be characterized by some number of
parameters that vary slowly with time, then
Kaman filtering can be used to tell how
incoming raw measurements should be
processed to best estimatethose parametersasa
function of time.

Kinematic surveying
A method which initially solves wavelength
ambiguities and retains the resulting
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measurements by maintaining alock on aspecific
number of satellites throughout the entire
surveying period.

L1
The primary L-band signal radiated by each
NAVSTAR satellite at 1575.42 MHz. TheLl
beacon is modulated with the C/A and P codes,
and with the NAV message. L2 is centered at
1227.60 MHz and is modul ated with the P code
and the NAV message.

L1& L2
Designations of the two basic carrier frequencies
transmitted by GPS satellites that contain the
navigationsignals. L1is1,575.42MHzandL2is
1,227.60 MHz.

Lane
The area (or volume) enclosed by adjacent lines
(or surfaces) of zero phase of either the carrier
beat phase signal or of the difference between two
carrier beat phase signals. On the earth’s surface
aline of zero phaseisthe focus of all pointsfor
which the observed value has an exact integer
value for the compl ete instantaneous phase
measurement. In three dimensions, thislocus
becomes a surface.

L-band
A nominal portion of the microwave electro-
magnetic spectrum ranging from 390 MHzto 1.55
GHz.

LNA

Low-Noise Amplifier
MSG

RTCM Message

MSL
Mean Sea Level

Multichannel receiver
A receiver containing many independent
channels. Such areceiver offers highest SNR
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because each channel tracks one satellite
continuoudly.

Multipath
The reception of asignal both along a direct
path and along one or morereflected paths. The
resulting signal resultsin an incorrect
pseudorange measurement. The classical
example of multipath is the "ghosting” that
appears on television when an airplane passes
overhead.

Multipath error
A positioning error resulting from interference
between radio waves which have traveled
between the transmitter and the receiver by two
paths of different electrical lengths.

Multiplexing
A technique used in some GPS receivers to
sequence the signals of two or more satellites
through a single hardware channel.
Multiplexing allows areceiver to track more
satellites than the number of hardware channels
at the cost of lower effective signal strength.

Multiplexing channel

A receiver channel which is sequenced through
severa satellite signals (each from a specific
satellite at a specific frequency) at arate which
is synchronous with the satellite message bit-
rate (50 bits per second, or 20 milliseconds per
bit). Thus, one complete sequenceiscompleted
in amultiple of 20 milliseconds.

NMEA
National Marine Electronics Association

NV
Non-Volatile. Usually refersto a memory

device that retains data after power is removed.

Outage
The occurrence in time and space of a GPS
dilution of precision value exceeding a
specified maximum.

Glossary

P-Code
Precise or protected code which is bi-phase shift
modulated on both the L1 and L2 carrier
frequencies. P-code hasa10.23MHz hit rate and,
asimplemented in GPS, a period of 267 days.
Each satellite has a unigue one-week P-code
segment that is used to distinguish the satellite
from all other GPS satellites.

Position Dilution of Precision (PDOP)
A unitless figure of merit expressing the
rel ationship between the error in user position and
theerror in satellite position. Geometrically, POP
isproportional to 1 divided by the volume of the
pyramid formed by lines running from the
receiver to four satellites observed. Values
considered 'good’ for positioning are small, say 3.
Values greater than 7 are considered poor. Thus,
small PDOP is associated with widely separated
satellites. PDOP is related to horizontal and
vertical DOP by PDOP? = HDOP? + VDOP2.
Small PDOPisimportant in positioning, but much
less so in surveying.

Photogrammetry
An aeria remote sensing technique whose latest
innovations employ a high-resolution aerial
camera with forward motion compensation and
uses GPS technology for pilot guidance over the
designated photo block(s). Photogrammetry
forms the baseline of many Geographic
Information Systems (Gl S) and Land Information
System (LI1S) studies.

Point positioning
A geographic position produced from one
receiver in astand-alone mode. At best, position
accuracy obtained from a stand-alone receiver is
15-25 meters, depending on the geometry of the
satellites.

POS
Position
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Post-processing
The reduction and processing of GPS data after
the data was collected in the field. Post-
processing is usually accomplished on a
computer in an office environment where
appropriate software is employed to achieve
optimum position solutions.

Precise Positioning System (PPS)
The more accurate GPS capability that is
restricted to authorized, typically military,
users.

Pseudo-kinematic surveying
A variation of the kinematic method where
roughly five-minute site occupations are
repeated at a minimum of once each hour.

Pseudorandom noise (PRN)
The P(Y) and C/A codes are pseudo-random
noi se sequences which modulate the navigation
signals. The modulation appearsto be random
noise but is, in fact, predictable hence the term
"pseudo” random. Use of thistechnique allows
the use of a single frequency by all GPS
satellites and also permits the satellites to
broadcast alow power signal.

Pseudorange
The measured distance between the GPS
receiver antenna and the GPS satellite. The
pseudorange is approximately the geometric
range biased by the offset of the receiver clock
from the satellite clock. The receiver actually
mesasures a time difference which isrelated to
distance (range) by the speed of propagation.
PZ-90
The proper designators for the GLONASS

reference system. Sometimes referred to as E-
90 or PE-90.

RAM
Random-Access Memory. A memory device
whose data can be accessed at random, as
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approved to sequential access. RAM dataislost
when power isremoval.

Rangerate
Therate of change of range between the satellite
and receiver. Therangeto asatellite changes due
to satellite and observer motions. Rangerateis
determined by measuring the doppler shift of the
satellite beacon carrier.

RDOP
Relative Dilution of Precision. See Dilution of
Precision.

Reconstructed carrier phase
1. The difference between the phase of the
incoming Doppler-shifted GPS carrier and the
phase of anominally constant reference frequency
generated in the receiver. For static positioning,
the reconstructed carrier phaseis sampled at
epochs determined by aclock inthereceiver. The
reconstructed carrier phase changes according to
the continuously integrated Doppler shift of the
incoming signal biased by theintegral of the
frequency offset between the satellite and receiver
reference oscillators.
- Or -
2. Thereconstructed carrier phase can be related
to the satellite-to-receiver range, once the initial
range (or phase ambiguity) has been determined.
A changein the satellite-to-receiver range of one
wavel ength of the GPS carrier (19 cm for L1) will
result in a one-cycle change in the phase of the
reconstructed carrier.

Real-time
Refers to immediate, GPS data collection,
processing and position determination (usually)
within areceiver's firmware after the fact with a
computer in an office environment.

Real-timekinematic (RTK)
A DGPS process where carrier-phase corrections
are transmitted in real-time from areference
receiver at aknown location to one or more
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remote rover receiver(s).

Real-TimeZ
Ashtech’s proprietary technique that includes
Carrier Phase Differential (CPD) processing.
Real-Time Z features "on-the-fly" (OTF)
ranging data acquisition and differential
processing.

Reference Network
A series of monuments or reference pointswith
accurately measured vectors/distances that is
used as areference basisfor cadastral and other
types of survey.

Reference station
A point (site) where crustal stability, or tidal
current constants, have been determined
through accurate observations, and which is
then used as a standard for the comparison of
simultaneous observations at one or more
subordinate stations. Certain of theseareknown
as Continuous Operating Reference Stations
(CORS), and transmit reference data on a 24-
hour basis.

Relative positioning
The process of determining the relative
differencein position between two points with
greater precision than that to which the position
of asingle point can be determined. Here, a
receiver (antenna) is placed over each point and
measurements are made by observing the same
satellite at the sametime. This technique
allowscancellation (during computations) of all
errors which are common to both observers,
such as satellite clock errors, propagation
delays, etc. See also Translocation and
Differential Navigation.

RF
Radio Frequency

RFI
Radio Frequency Interference

Glossary

RINEX
The Receiver-INdependent EX change format for
GPS data, which includes provisions for
pseudorange, carrier-phase, and Doppler
observations.

RMS
Root Mean Square. A statistical measure of the
scatter of computed positions about a "best fit"
position solution. RM S can be applied to any
random variable.

RTCM
Radio Technical Commission for Maritime
Services
P.O. Box 19087
Washington, DC. 20036-9087

RTCM SC-104 Format
A standard format used in the transmission of
differential corrections.

SE
Site Editor or Standard Error

Selective Availability (SA)
The process whereby DOD dithers the satellite
clock and/or broadcasts erroneous orbital
ephemeris data to create a pseudorange error

Spherical Error Probable (SEP)
A statistical measure of precision defined as the
50th percentile value of the three-dimensional
position error statistics. Thus, half of the results
arewithin a3D SEP value.

Sidereal day
Time between two successive upper transits of the
vernal equinox.

Sidereal time
The hour angle of the vernal equinox. Taking the
mean equinox as the reference yields true or
apparent Sidereal Time. Neither Solar nor
Sidereal Timeare constant, since angular velocity
varies due to fluctuations caused by the Earth’'s
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polar moment of inertiaas exerted through tidal
deformation and other mass transports.

Single difference
The arithmetic differencing of carrier phases
simultaneously measured by a pair of receivers
tracking the same satellite (between receivers
and satellite), or by a single receiver tracking
two satellites (between-satellite and receivers);
the former essentially deletes all satellite clock
errors, while the latter essentially deletes all
receiver errors.

Spherical Error Probable (SEP)
A navigational measure of accuracy equaling
the radius of a sphere, centered on the true
location, inside which 50% of the computed
solutionslie.

Spoofing
The process of replicating the GPS codein such
away that the user computesincorrect position
solutions.

Standard Positioning Service (SPS)
Uses the C/A code to provide aminimum level
of dynamic- or static-positioning capability.
The accuracy of this service is set at alevel
consistent with national security.

Standard Positioning System
The less accurate GPS capability whichis
availableto al.

Static observations
A GPS survey technique requiring roughly one
hour of observation, with two or morereceivers
observing simultaneously, and resultsin high
accuracies and vector measurements.

Static positioning
Positioning applicationsin which the positions
of static or near static points are determined.

S
Satellite Vehicle, Satellite Visibility or Space

Glossary-10

Vehicle.

Switching channel
A receiver channel which is sequenced through a
number of satellite signals (each from a specific
satellite and at a specific frequency) at arate
which is slower than, and asynchronous with, the
message datarate.

TDOP
Time Dilution of Precision. See Dilution of
Precision.

TOW
Time of week, in seconds, from midnight Sunday
UTC.

Translocation
A version of relative positioning which makesuse
of aknown position, such asaUSGS survey mark,
to aid in the accurate positioning of a desired
point. Here, the position of the mark, determined
using GPS, is compared with the accepted value.
The three-dimensional differences are then used
in the calculations for the second point.

Tripledifference
The arithmetic difference of sequential, double-
differenced carrier-phase observations that are
free of integer ambiguities, and therefore useful
for determining initial, approximate coordinates
of asitein relative GPS positioning, and for
detecting cycle slipsin carrier-phase data.

Tropospheric correction.
The correction applied to the measurement to
account for tropospheric delay. Thisvalueis
obtained from the modified Hopfield model.

True anomaly
The angular distance, measured in the orbital
plane from the earth’s center (occupied focus)
from the perigee to the current location of the
satellite (orbital body).
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Universal Time Coordinated (UTC)
Time as maintained by the U.S. Naval
Observatory. Because of variationsin the
Earth'srotation, UTC is sometimes adjusted by
an integer second. The accumulation of these
adjustments compared to GPS time, which runs
continuously, has resulted in an 11 second
offset between GPStimeand UTC at the start of
1996. After accounting for leap seconds and
using adjustments contained in the navigation
message, GPS time can be related to UTC
within 20 nanoseconds or better.

User Range Accuracy (URA)
The contribution to the range-measurement
error from an individual error source (apparent
clock and ephemeris prediction accuracies),
converted into range units, assuming that the
error source is uncorrelated with all other error
sources. Valueslessthan 10 are preferred.

uT
Universal Time

UT™m
Universal TransverseMercator Map Projection.
A special case of the Transverse Mercator
projection. Abbreviated asthe UTM Grid, it
consists of 60 north-south zones, each 6 degrees
widein longitude.

VDC
Volts Direct Current

VDOP
Vertical Dilution of Precision. See Dilution of
Precision and Position Dilution of Precision.

WGS
World Geodetic System

World Geodetic System 1984 (WGS-84)
A set of U.S. Defense Mapping Agency
parameters for determining global geometric
and physical geodetic relationships. Parameters
include a geocentric reference ellipsoid; a

Glossary

coordinate system; and agravity field model. GPS
satellite orbital information in the navigation
message is referenced to WGS-84.

World Geodetic System (1972)
The mathematical reference ellipsoid previously
used by GPS, having a semimajor axis of
6378.135 km and aflattening of 1/298.26.

WP
Waypoint

Y-Code
The designation for the end result of P-Code
during Anti-Spoofing (AS) activation by DoD.

Y-codetracking, civilian
Signa squaring (now obsolete) multiplies the
signal by itself, thus deleting the carrier's code
information and making distance measurement
(ranging) impossible. Carrier phase
measurements can still beaccomplished, although
doubling the carrier frequency halvesthe
wavelength.
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$GPALM, 70
$GPGGA, 72
$GPGLL, 74
$GPGSA, 76
$GPGSV, 78
$GPMSG, 80
$GPRMC, 85
$GPVTG, 89
$GPZDA, 91
$PASHQ,ALM, 70
$PASHQ,GGA, 72
$PASHQ,GLL, 74
$PASHQ,GSA, 76
$PASHQ,GSV, 78
$PASHQ,ITA, 60
$PASHQ,MSG, 80
$PASHQ,PAR, 55
$PASHQ,POS, 82
$PASHQ,PRT, 58
$PASHQ,RID, 61
$PASHQ,RMC, 85
$PASHQ,RTC, 92
$PASHQ,SAT, 87
$PASHQ,UDD, 64
$PASHQ,UID, 65
$PASHQ,VTG, 89
$PASHQ,ZDA, 90
$PASHR,ITA, 60
$PASHR,POS, 83
$PASHR,PRT, 59
$PASHR,RID, 62
$PASHR,SAT, 87
$PASHR,UDD, 64
$PASHR,UID, 65
$PASHSALM, 50
$PASHSALT, 51
$PASHSDTM, 51

Index

Symbols

$PASHS,FIX, 52
$PASHS,HDP, 52
$PASHS,INI, 53
$PASHS KFP,DYN, 54
$PASHSLTZ, 54
$PASHSNME,ALL, 69
$PASHSNME,ALM, 70
$PASHSNME,GGA, 72
$PASHSNME,GLL, 74
$PASHSNME,GSA, 76
$PASHSNME,GSV, 77
$PASHSNME,MSG, 79
$PASHSNME,PER, 82
$PASHSNME,POS, 57
$PASHSNME,RMC, 85
$PASHSNME,SAT, 87
$PASHSNME,VTG, 89
$PASHSNME,ZDA, 90
$PASHS,PDP, 57
$PASHS,PEM, 56
$PASHS,PMD, 57
$PASHS,POS, 58
$PASHS,RST, 62
$PASHS,RTC,AUT, 94
$PASHS,RTC,MAX, 94
$PASHS,RTC,OFF, 94
$PASHS,RTC,REM, 94
$PASHS,SAV, 62
$PASHS,SPD, 63
$PASHS,UDD, 64
$PASHS,UID, 65
$PASHS,USE, 65
$PASHS,ZDA, 66

Numerics
1PPS, 3,29
115-240 VAC power, 33
2000 rollover, 99
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2D, 57, 96
3D, 26, 57, 96

AC adapter, 33

accuracy, 27

accuracy threshold, 97

accurate position from previous survey, 27
ACK, 47

acquisition, 66

age of data, 28

age of received messages, 93

ALM, 50

amanac, 50

ALT, 46, 52, 96

altitude hold, 26

altitute fix mode, 56

antenna position, 28

ASCII, 21, 27

Ashtech G12 reference station, 100
Ashtech proprietary, 21, 27

AUT, 28,94

automatic differential mode, 93
autonomous, 1, 99

B
backup RAM, 98
baseline, 100
battery backup, 31
battery-backed RAM, 62
baud rates between devices, 22
BIT, 98
bit slippage, 93

C
CEP, 27, 99
character delimiter, 21
checksum, 21
clock data, 66
clock dynamics, 97
clock uncertainty, 96
Coarse/Acquisition (C/A), 1
code type, 93

Index-2

code-phase, 1

COG, 98

cold start, 95

command not accepted, 92
communication link, 28

communication setup, 16
communications software, 11

configure G8, 33

corrections (determining differential), 27
current parameters, 62, 98

D
datalogging, 22
DB-25, 34
DB-9, 34
default, 62
default parameter settings, 25
default parameters, 14
default settings, 98
default transmit/receive protocol, 22
DGPS, 1
DGPS CEP, 99
differential correction, 28
differential GPS, 28
differential GPS correction, 29
differential operation, 21, 27, 92
differential positioning, 27
difficult environments, 1
dilution of precision, 52
disable differential mode, 94
discontinuities, 97
DOP, 52, 76
DTM, 51
DYN, 54, 97
dynamic conditions, 96
dynamics, 54

ellipsoidal height, 51

error, 28

error-in-position, 28
establishing communication, 11
estimated position, 100
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Evaluate software, 34
Evaluate User’s Guide, 33
evaluation environment, 31
external devices, 33
external power source, 33
extreme accelerations, 97

F
firmware, 21, 96, 98
FIX, 26, 52, 96
free-form Ashtech proprietary format, 22
full duplex, 2

G

general parameters, 25
geoid undulation, 98
geometry of SVs, 28
GGA, 72

GLL, 74

global magnetic variations, 98
GMT, 54

GPS second, 30

GPS week, 50

GSA, 76

GSV, 78

half duplex, 2

hard reset, 62

HDOP, 100

HDP, 52

horizontal scatter plot, 99
hot start, 100

I
improving acquisition time, 96
INI, 53
initial 2D position fix, 96
initial position fix, 96
initial power-up, 22, 25, 26, 28
initialization, 50
input messages, 21
input power, 31
integrity of information, 98

Index

interface protocol, 15
interference, 9

intial setup, 1

invalid data, 50

invalid or missing data, 22
invalid position, 95

invalid set commands, 21
ionosphere, 28

ITA, 59

KFP, 54, 97

L1 (1575.42 Mhz), 1

last altitude, 26

last computed 3D determination, 96
L-band antenna, 1

leap second change, 99

list of all GPS satellites, 95
low-noise amplifier, 1

LTZ, 54

M
magnetic bearing, 98
magnetically mounted antenna, 33
MAX, 28, 94
maximum age, 28, 94
memory, 98
Missile Technology Control Regime, 97
most recent antenna altitude, 52
most-recently-determined altitude, 96
MSG, 79

N
navigation position mode, 56
NMEA, 1, 26, 50
NMEA 0183, 22
NMEA 0183 standard, 21
NMEA 0183 Standards Version 2.1, 27
NMEA 0183 V2.1, 2
NMEA outputs, 26
NMEA ZDA, 29
non-standard messages, 27
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not-acknowledged, 21
null fields, 22

null frame, 29

number of SVslocked, 20

@)
OFF, 94
overshoot, 97

P
PAR, 55
parameters and status, 92
parity, 22

parity protocol, 22
PDORP, 28, 57, 100
PDOP mask, 96

PDP, 57

PER, 82

PMD, 57

POS, 58, 82

position accuracy, 27
position and velocity estimates, 97
position filtering, 96
positioning, 27

power connections, 33
power conservation, 82
power interrupt, 98
power up, 11
power-down, 62
predicted position, 96
prediction algorithm, 96
PRT, 16, 58

Q

quality factor, 93

R
range correction, 27
range errors, 28
rate of differential corrections, 100
reacquisition, 96, 100, 101
real time, 27
real-time clock, 66, 95
real-time differential, 92

Index-4

real-time differential positioning, 27
real-time position, 1

receiver mode, 57

receiver motion, 54

receiver noise, 28

receiver parameters, 55
REM, 94

remote station, 27

reset receiver, 95

reset to default, 25

response to command, 16
RID, 61, 62

RMC, 85

ROM list of satellites, 95
RS-232, 21, 22, 31, 98

RST, 25, 62

RTC, 28, 92

RTC,OFF, 94

RTCM differential status, 92
RTCM message type, 93
RTCM messages, 28

RTCM mode, 93

RTCM reference (base), 79
RTCM SC-104 format, 27
RTCM SC-104 Version 2.2, 1, 28
RTCM status message, 92

S
S/A, 100
SA (selective availahility), 27
SAT, 87
satellite blockage, 3
satellite status, 87
satellite visibility, 95
satellites-in-view, 77
SAV, 62
search manager, 95
search strategy, 96
selecting avisible satellite, 95
sequential search, 95
serid interface connector, 31
serial port configuration, 22
six-of-eight format, 29
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SMA, 31 W
smooth position track, 97 warm start, 100

software development, 31 watchdog timer, 98

SOG, 98 WGS-84, 51, 56, 98, 99
sources of error, 27, 28

SPD, 63 Z
specia message, 29 ZDA, 29, 66, 90

speed up acquisition, 50

SPS, 2

standard datum, 99

stop hit, 22

SV clock estimation, 28

SV headlth, 50

SV orbit estimation, 28

syntax incorrect, 92

system setup, 21

T
timeto first fix, 100

time until satellites are tracked, 100
timezone offset, 54

total position error, 28

troposphere, 28

true bearing, 98

true range, 27

TTFF, 100

TTL-to-RS-232 conversion, 14, 33
U

UDD, 51, 64, 99

UID, 65

uncorrected raw position, 28

USE, 65

user-defined datum, 51, 99
user-supplied PC, 33
UTCtime, 91

\%
valid position, 100, 101
VDOP, 100
vehicle battery, 33
velocity/course, 89
VTG, 89
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	PMD: Set Navigation Position Mode
	$PASHS,PMD

	POS: Set Antenna Position
	$PASHS,POS

	PRT: Serial Port Baud Rate Query
	$PASHQ,PRT
	$PASHR,PRT

	PWR: Set Sleep Mode
	$PASHS,PWR,OFF

	RAW,ITA: Enable ITA Data Message
	$PASHS,RAW,ITA
	$PASHQ,ITA
	$PASHR,ITA

	RID: Receiver ID Query
	$PASHQ,RID
	$PASHR,RID

	RST: Reset Receiver
	$PASHS,RST

	SAV: Save User Parameters
	$PASHS,SAV

	SPD: Set Serial Port Speed
	$PASHS,SPD

	UDD: Set User-Defined Datum Parameters
	$PASHS,UDD
	$PASHQ,UDD
	$PASHR,UDD

	UID: Set User ID
	$PASHS,UID
	$PASHQ,UID
	$PASHR,UID

	USE: Set Satellites to Use
	$PASHS,USE

	ZDA: Upload Initial Real-time Clock Value
	$PASHS,ZDA


	NMEA Data Message Commands & Responses
	Set Commands
	Query Commands
	ALL: Disable All NMEA Messages
	$PASHS,NME,ALL

	ALM: Almanac Message
	$PASHS,NME,ALM
	$PASHQ,ALM
	$GPALM

	GGA: GPS Position Message
	$PASHS,NME,GGA
	$PASHQ,GGA,x
	$GPGGA

	GLL: Latitude/Longitude Message
	$PASHS,NME,GLL
	$PASHQ,GLL
	$GPGLL

	GSA: DOP and Active Satellite Messages
	$PASHS,NME,GSA
	$PASHQ,GSA
	$GPGSA

	GSV: Satellites in View Message
	$PASHS,NME,GSV
	$PASHQ,GSV
	$GPGSV

	MSG: Base Station Message
	$PASHS,NME,MSG
	$PASHQ,MSG,x
	$GPMSG

	PER: Set NMEA Send Interval
	$PASHS,NME,PER,d

	POS: Position Message
	$PASHS,NME,POS
	$PASHQ,POS
	$PASHR,POS

	RMC: Recommended Minimum Course
	$PASHS,NME,RMC
	$PASHQ,RMC
	$GPRMC

	SAT: Satellite Status Query
	$PASHS,NME,SAT
	$PASHQ,SAT
	$PASHR,SAT

	VTG: Velocity/Course Message
	$PASHS,NME,VTG
	$PASHQ,VTG
	$GPVTG
	Table 5.44 describes each item in a typical VTG me...

	ZDA: Time and Date
	$PASHS,NME,ZDA
	$PASHQ,ZDA
	$GPZDA


	RTCM Commands and Responses
	Set Commands
	Query Commands
	RTC: RTCM Status Query
	$PASHQ,RTC

	AUT: Set Auto Differential Mode
	$PASHS,RTC,AUT

	MAX: Set RTCM Differential Data Age
	$PASHS,RTC,MAX

	OFF: Disable RTCM
	$PASHS,RTC,OFF

	REM: Enable Remote RTCM
	$PASHS,RTC,REM
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