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(WEEE) Notice
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This Trimble software and/or firmware product
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and conditions shall apply. Trimble warrants that
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conform to Trimble's applicable published
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ninety (90) days, starting from the date of
delivery.

Warranty Remedies

Trimble's sole liability and your exclusive remedy
under the warranties set forth above shall be, at
Trimble's option, to repair or replace any Product
or Software that fails to conform to such warranty
(“Nonconforming Product”), or refund the
purchase price paid by you for any such
Nonconforming Product, upon your return of any
Nonconforming Product to Trimble in accordance
with Trimble's standard return material
authorization procedures.

Warranty Exclusions and Disclaimer

These warranties shall be applied only inthe event
and to the extent that: (i) the Products and
Software are properly and correctly installed,
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operated in accordance with Trimble's relevant
operator's manual and specifications, and; (ii) the
Products and Software are not modified or
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Trimble shall not be responsible for defects or
performance problems resulting from (i) the
combination or utilization of the Product or
Software with products, information, data,
systems or devices not made, supplied or specified
by Trimble; (ii) the operation of the Product or
Software under any specification other than, or in
addition to, Trimble's standard specifications for
its products; (iii) the unauthorized modification or
use of the Product or Software; (iv) damage
caused by accident, lightning or other electrical
discharge, fresh or salt water immersion or spray;
or (v) normal wear and tear on consumable parts
(e.g., batteries).

THE WARRANTIES ABOVE STATE TRIMBLE'S
ENTIRE LIABILITY, AND YOUR EXCLUSIVE
REMEDIES, RELATING TO PERFORMANCE OF
THE PRODUCTS AND SOFTWARE. EXCEPT AS
OTHERWISE EXPRESSLY PROVIDED HEREIN,
THE PRODUCTS, SOFTWARE, AND
ACCOMPANYING DOCUMENTATION AND
MATERIALS ARE PROVIDED “AS-1S” AND
WITHOUT EXPRESS OR IMPLIED WARRANTY
OF ANY KIND BY EITHER TRIMBLE
NAVIGATION LIMITED OR ANYONE WHO HAS
BEEN INVOLVED IN ITS CREATION,
PRODUCTION, INSTALLATION, OR
DISTRIBUTION, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESSFOR A
PARTICULAR PURPOSE, TITLE, AND
NONINFRINGEMENT. THE STATED EXPRESS
WARRANTIESARE IN LIEU OF ALL
OBLIGATIONS OR LIABILITIES ON THE PART
OF TRIMBLE ARISING OUT OF, OR IN
CONNECTION WITH, ANY PRODUCTS OR
SOFTWARE. SOME STATES AND
JURISDICTIONS DO NOT ALLOW LIMITATIONS
ON DURATION OR THE EXCLUSION OF AN
IMPLIED WARRANTY, SO THE ABOVE
LIMITATION MAY NOT APPLY TO YOU.

TRIMBLE NAVIGATION LIMITED ISNOT
RESPONSIBLE FOR THE OPERATION OR
FAILURE OF OPERATION OF GPS SATELLITES
OR THE AVAILABILITY OF GPS SATELLITE
SIGNALS.



Limitation of Liability

TRIMBLE'S ENTIRE LIABILITY UNDER ANY
PROVISION HEREIN SHALL BE LIMITED TO
THE GREATER OF THE AMOUNT PAID BY YOU
FOR THE PRODUCT OR SOFTWARE LICENSE OR
U.S.$25.00. TO THE MAXIMUM EXTENT
PERMITTED BY APPLICABLE LAW, IN NO
EVENT SHALL TRIMBLE OR ITS SUPPLIERS BE
LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES
WHATSOEVER UNDER ANY CIRCUMSTANCE
OR LEGAL THEORY RELATING IN ANY WAY TO
THE PRODUCTS, SOFTWARE, AND
ACCOMPANYING DOCUMENTATION AND
MATERIALS, (INCLUDING, WITHOUT
LIMITATION, DAMAGES FOR LOSS OF
BUSINESS PROFITS, BUSINESS INTERRUPTION,
LOSS OF BUSINESS INFORMATION, OR ANY
OTHER PECUNIARY LOSS), REGARDLESS OF
WHETHER TRIMBLE HAS BEEN ADVISED OF
THE POSSIBILITY OF ANY SUCH LOSS AND
REGARDLESS OF THE COURSE OF DEALING
WHICH DEVELOPS OR HAS DEVELOPED
BETWEEN YOU AND TRIMBLE. BECAUSE SOME
STATES AND JURISDICTIONS DO NOT ALLOW
THEEXCLUSION ORLIMITATION OF LIABILITY
FOR CONSEQUENTIAL OR INCIDENTAL
DAMAGES, THE ABOVE LIMITATION MAY NOT
APPLY TO YOU.
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About this Manual

Welcome to System Designer Reference Manual for the Lassen iQ
GPS receiver. This manual describes how to integrate and operate the
Lassen iQ GPS receiver.

If you are not familiar with GPS, visit Trimble's website,
www.trimble.com, for an interactive look at Trimble and GPS.

Trimble assumes that you are familiar with Microsoft Windows and
know how to use a mouse, select options from menus and dialogs,
make selections from lists, and refer to online help.

Technical Assistance

If you have a problem and cannot find the information you need in the
product documentation, contact the Trimble Technical Assistance
Center at 800-767-4822.

Your Comments

Your feedback about the supporting documentation helps us to
improve it with each revision. To forward your comments, send an
e-mail to ReaderFeedback@trimble.com.

Lassen iQ GPS Receiver
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Product Overview

The Lassen iQ GPSreceiver isafull featured, ultralow power receiver
on aminiature form factor, suitable for avariety of mobile, embedded
applications. The Lassen iQ GPS receiver incorporates Trimble's
FirstGPS™ architecture in the form of two ASICS: Colossus RF down
converter and 10-C33 baseband chip.

The 10-C33 integrates Trimble's 10 digital signal processor with the
Epson C33 RISC processor, rea-time clock, UART, and 1M bit
memory. Together with the colossus RF, this implementation of
FirstGPS technology makes possible one of the smallest

(26 mm x 26 mm x 6mm) and lowest power (less than 89 mwW) GPS
modules available.

The Lassen iQ GPS receiver outputs acomplete position, velocity, and
time (PVT) solution in the NMEA Version 3.0 ASCII protocoal, the
Trimble ASCII Interface Protocol (TAIP), and the Trimble TSIP
binary protocol. A Pulse-Per-Second signal is available for very
accurate timing applications.

Lassen iQ GPS Receiver
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Starter Kit

The Starter Kit makesit simple to evaluate the Lassen iQ GPS
receiver's exceptional performance. The Starter Kit can be used asa
platform for configuring the receiver module and as a platform for
troubleshooting your design. The Starter Kit includes:

Shielded Lassen iQ GPS module mounted on an interface
motherboard in a durable metal enclosure. The motherboard
accepts 9 - 32 VDC power and provides regulated +3.3V power to
the Lassen iQ GPS receiver. The motherboard also contains:

— 3.6V lithium battery that provides back-up power to the
receiver.

—  Circuitry to convert the TTL output to RS-232, enabling
the user to connect the RS-232 ports in the Starter Kit to
the PC COM port via an RS-232 cable connection.

Compact Magnetic-Mount GPS Antennawith a5 meter cable.
Ultra-Compact Embedded Antenna with an 8 cm cable.
9-pin RS-232 interface cable.

AC/DC power supply adapter (input: 100-240VAC,
output: 12 VDC).

DC power cable.
Cigarette lighter adapter power cable.

CD containing software tools used to communicate with the
receiver, the System Designer Reference Manual, and “C”
programming source routines to be used as software templates for
communicating directly with the receiver.

Lassen iQ GPS Receiver 3
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Removing the Lassen iQ GPS Module

The Lassen iQ GPS moduleis secured to the motherboard with
double-sided adhesive tape allowing for easy removal and integration
with the user’s application. (The adhesive tape used by Trimble is 3M
Scotch, part number 4945).

Follow these steps to remove the module from the motherboard:
» Unplug the I/O cable and the RF cable from the module.

» Useasmall flat-head screw driver to pry the Lassen iQ GPS
receiver module off the motherboard.

Warning — When the Lassen iQ GPS receiver module is removed from
the motherboard, the double-sided tape looses some of it's adhesive
quality. This adhesive tape may only be re-used for laboratory testing. The
original adhesive tape should not be re-used for drive testing the Starter
Kit interface unit because the module could loosen and cause short circuit
when contacting other motherboard components. If drive testing is
required, use a new piece of double-sided adhesive tape to re-attach the
Lassen iQ GPS receiver module to the motherboard.

Lassen iQ GPS Receiver
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Receiver Performance

The LasseniQ GPSreceiver isacomplete 12-channel parallel tracking
GPS receiver designed to operate with the L1 frequency, Standard
Position Service, Coarse Acquisition code. Using two highly
integrated Trimble custom integrated circuits, the receiver is designed
in amodular format especially suited for embedded applications
where small size and extremely low power consumption are required.
The receiver features Trimble's latest signal processing code, a high-
gain RF section for compatibility with standard 27 dB active gain GPS
antennas, and aCMOS TTL level pulse-per-second (PPS) output for
timing applications or for use as a general purpose synchronization
signal.

The Lassen iQ GPS receiver acquires a position fix with minimal
delay after power cycling. The battery back-up RAM is used to keep
the Real Time clock (RTC) alive, and to store the following:

* Almanac
* Ephemeris
» Last position

User settings such as port parameters, NMEA, and TAIP
configurations can be stored in the receiver’s non-volatile (Flash)
memory. These settings are retained without application of main
power or battery back-up power.

The Lassen iQ GPS receiver has two configurable serial 1/0
communication ports.

Warning — When customizing port assignments or characteristics,
confirm that your changes do not affect your ability to communicate with
the receiver (see Chapter 3, Software Interface).

Lassen iQ GPS Receiver 5
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TSIP

TAIP

Interface Protocols

The Lassen iQ GPS receiver operates using one of three protocols —
Trimble Standard Interface Protocol (TSIP), Trimble ASCII Interface
Protocol (TAIP), or NMEA 0183. Protocol selection and port
characteristics are user configurables. The factory default settings are:

e Port 1, TSIP bi-directional
e Port 2, NMEA 0183 OUT/RTCM SC-104 V2.1 IN

TSIPisapowerful binary packet protocol that allows the system
designer maximum configuration control over the GPS receiver for
optimum performance in any number of applications. TSIP supports
over 20 commands and their associated response packets for usein
configuring the Lassen iQ GPS receiver to meet user requirements.

TAIPisthe Trimble ASCII interface protocol designed specifically for
vehicle tracking applications. It is a bi-directional protocol using
simple ASCII commands with the associated ASCII responses.

NMEA

NMEA 0183 is an industry standard protocol common to marine
applications. NMEA provides direct compatibility with other NMEA-
capable devices such as chart plotters, radars, etc. The Lassen iQ GPS
receiver supports most NMEA messages for GPS navigation. NMEA
messages and output rates can be user selected as required.

DGPS

The Lassen iQ GPS receiver can be configured for RTCM SC-104
input which is the GPS industry standard for differential correction
data. The receive side of Port 2 is factory configured to accept RTCM
data.

Lassen iQ GPS Receiver
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Ordering Starter Kit Components

The Lassen iQ GPS receiver isavailable in a Starter Kit or as an
individual module and associated antenna. The Starter Kit

(PN 51099-00) includes al the components necessary to quickly test
and integrate the module:

» Compact Magnetic-Mount Antennawith 5m cable
* Ultra-Compact Embedded Antenna with 8cm cable
» AC/DC power supply adapter

» DC Power cable (3-wire)

* RS-232 interface cable DBOM/DB9F (pin to pin)

o Cigarette lighter adapter power cable

* CD-ROM containing software tools and the System Designer
Reference Manual

Table 1.1 provides ordering information for the Lassen iQ GPS
module and the associated antennas and cables.

Table 1.1 Lassen iQ GPS Receiver Ordering Information

Products Part Number
Lassen iQ GPS receiver Module 46240-10/46240-20
Lassen iQ GPS receiver Starter Kit 51099-00

Antenna transition cable, MCX-HFL connector 47274

Antenna transition cable, SMA-HFL connector 49894-05
Ultra-Compact Embedded Antenna, 3.3V, 8cm cable 45336-00

Compact Unpackaged Antenna, 3V, 11cm cable, MCX connector 39265-51
Compact Magnetic Mount Antenna, 3V, 5m cable, MCX connector  39265-50
Compact Magnetic Mount Antenna, 3V, 5m cable, SMA connector  39265-52

Note — Part numbers are subject to change. Confirm part numbers
with your Trimble representative when placing your order.

Lassen iQ GPS Receiver 7
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Starter Kit Interface Unit

The Starter Kit interface unit consists of a Lassen iQ GPS module
attached to an interface motherboard, housed in a sturdy metal
enclosure. This packaging simplifies testing and evaluation of the
module by providing two RS-232 serial interfaces which are
compatible with most PC communication ports. Power (9-32 VDC) is
supplied through the power connector on the front of the interface
unit. The motherboard features a switching power supply which
convertsthisvoltage input to the 3.3 volts required by the module. The
two DB9 connectors allow for easy connection to a PC serial port
using the serial interface cable provided in the Starter Kit. The metal
enclosure protects the module and the motherboard for testing outside
of the laboratory environment.

The Lassen iQ GPS receiver is asingle module encased in a sturdy
metal enclosure. The dimensions of the receiver in this enclosure are
26 mmHx 26 mmL x 6 mmH (1.02” W x 1.02" L x 0.24” H). A
straight-in, panel-mount RF connector (J1) supports the GPS antenna
connection. The center conductor of the coaxial connector also
supplies +3.3 VDC for the Low Noise Amplifier of the active antenna.
An 8-pin (2x4), 0.09 inch header (J2) supportsthetwo serial interfaces
(CMOSTTL level), the pulse-per-second (PPS) signal (CMOSTTL
level), and the input power (+3.3 VDC). Figure 1.1 illustrates the
module in the metal enclosure.

Lassen iQ GPS Receiver
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Bottom Shield Top Shield

Figure 1.1

Lassen iQ GPS receiver Module

The interface motherboard includes a9 to 32 VDC switching power
supply which provides regulated +3.3 VDC power to the receiver, and
contains circuitry which provides two RS-232 interface ports. A 3.6V
lithium backup battery enables quick hot starts. The TTL level PPSis
brought directly out to Pin 9 of the Port 2 DB9 connector on the front
of the interface unit.

The Starter Kit includes an AC/DC converter for powering the module
from an AC wall socket. The metal enclosure (see Figure 1.2.)
provides 2 DB9 interface port connectors, an antenna connector, and a
power connector. Port 1 and Port 2 are used for serial 1/0.

Lassen iQ GPS Receiver 9
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Themounting plateis secured to the metal enclosure with four screws.
The eight pin I/O header on the receiver module connects to a mating
connector on aribbon cable. The ribbon cable is attached to amating
I/O connector on the interface motherboard. Figure 1.2 illustrates the
Starter Kit interface unit.

Figure 1.2 Starter Kit Interface Unit

10 Lassen iQ GPS Receiver
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Serial Port Interface

The Starter Kit interface unit isa DCE (Data Communication

Equipment) device. To connect to a host computer, or DTE (Data
Terminal Equipment) device, use a straight through cable. To connect
aDifferential Radio (DCE device) to the receiver (DCE Device) use a

cross over cable or null modem cable.

Table 1.2

Port 1 Pinouts

Pin

Description

—_

NC

X

RX

NC

GND

NC

NC

NC

Ol Nl A~ W|DN

NC

Table 1.3

Port 2 Pinouts

Pin

Description

NC

X

RX

NC

GND

NC

NC

NC

Ol Nl h~|W|DN

PPS Out

Lassen iQ GPS Receiver
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Pulse-Per-Second (PPS)

The Lassen iQ GPS receiver provides a four microsecond wide,
CMOS compatible TTL level Pulse-Per-Second (PPS). The PPSisa
positive pulse available on pin 9 of the port 2 DB9 connector of the
interface unit (see Table 1.3). Therising edge of the PPS pulseis
synchronized with respect to UTC. The timing accuracy is 50
nanoseconds when valid position fixes are being reported.

Therising edge of the pulseistypically less than 20 nanoseconds. The
distributed impedance of the attached signal line and input circuit can
affect the pul se shape and rise time. The PPS can drive aload up to
5mA without damaging the module. The falling edge of the pulse
should not be used. The PPS is always on (early PPS) and is driven by
the Real Time Clock (RTC) until the receiver acquires GPS time from
the satellite and generates position fixes. The PPS is output
immediately after main power is applied, and continues even if the
receiver loses GPS lock. The drift of the PPS, when the receiver is not
tracking satellites, is unspecified and should not be used for
synchronization.

Note — Trimble has measured better than 50 nanosecond accuracy on
the Lassen iQ GPSreceiver’s PPSsignal in static mode. For more
information on use of the Lassen iQ GPSreceiver intiming
applications, contact your Trimble sales representative.

Lassen iQ GPS Receiver
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Power

The Lassen iQ GPS receiver receiver is designed for embedded
applications and requires aregulated +3.3 VDC input (+3.0 to +3.6
VDC). Thereceiver provided in the Starter Kit isinstalled on a
motherboard, providing a DC power regulator which convertsa9 to
32 VDC input to the regulated 3.3 VDC required by the receiver.
Power can be applied to the interface unit using one of three options:
the DC power cable (Figure 1.3), the AC/DC power converter
(Figure 1.4), or the cigarette lighter adapter.

Red: Power

— Black: Ground

Yellow: Unused

Figure 1.3  DC Power Cable

The DC power cableisideal for bench-top or automotive testing
environments. The power cable isterminated at one end with a 3-pin
plastic connector which mates with the power connector on the metal
enclosure. The un-terminated end of the cable provides easy
connection to a DC power supply. Connect the red power lead to a
source of DC positive +9 to +32 VDC, and connect the black power
lead to ground. This connection supplies power to both the receiver
and the antenna.

Note — To ensure compliance with CE conducted emissions
reguirements when using the DC power cable, the Starter Kit interface
unit must be bonded to a ground plane.

Note — The yellow wire of the DC power cable is not used. Battery
back-up power is provided by a factory installed 3.6V lithium battery
on the motherboard.

Lassen iQ GPS Receiver 13
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The AC/DC power converter may be used as an alternate power source
for theinterface unit. The AC/DC power converter converts 110 or 220
VAC to aregulated 12 VDC compatible with the interface unit. The
AC/DC power converter output cableis terminated with a 3-pin
connector compatible with the power connector on the metal
enclosure. The AC power cable is not provided in the kit, since this
cableis country-specific. The input connector is a standard 3-prong
connector used on many desktop PCs.

&

&.é

Figure 1.4  AC/DC Power Converter

Lassen iQ GPS Receiver
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Hardware Setup

The Lassen iQ GPS receiver supports the TSIP and NMEA protocols.
A single port supports both the input/output of TSIP messages and the
output of NMEA messages. Follow the steps below to setup the Starter
Kit interface unit. Figure 1.5 illustrates the setup.

RPower
Supply

o s}

Lassen iQ GPS I 9 to 32 VDC

Starter Kit DE
DCEJ:— Computer

DCe| |

Antenna

Figure 1.5  Starter Kit Interface Unit

Lassen iQ GPS Receiver 15
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1. ForusewiththeTSIP or TAIP protocols, connect one end of the
9-pin serial interface cable to Port 1 (or Port 2 to view NMEA
data) of the receiver module. Connect the other end of the cable
to COM1 or COM2 on aPC. If your PC has a 25-pin
communication port, a 9-pin-to-25-pin adapter may be required
for this serial interface connection.

2. Connect the antenna cable to the interface unit. This connection
is made by pushing the antenna cable connector onto the MCX
connector on the module. Place the antenna so that it has aclear
view of the sky.

Note — To remove the antenna cable, grasp the antenna mating MCX
connector and pull from the MCX connector mounted on the interface

unit.

3. Using either the DC power cable or an AC/DC power converter,
connect to the 3-pin power connector on the interface unit.

DC Power Cable — connect the terminated end of the
power cable to the power connector on the interface unit.
Connect the red lead to DC positive voltage (+9 to +32
VDC) and black power lead to DC ground. The yellow
wireis not used. Switch on the DC power source.

AC/DC Power Converter — connect the output cable of the
converter to the 3-pin power connector on the interface
unit. Using the appropriate 3-prong AC power cable (not
provided), connect the converter to an AC wall socket (110
VAC or 220 VAC). The AC power cableis not provided in
the Starter Kit.

Warning — If the Lassen iQ GPS Starter Kit is powered-up and attached to
a PC COM port, the Windows operating system may recognize the Starter
Kit as a new serial device and assign it to the mouse driver. This can
cause erratic mouse control. To disable serial mouse detection at start-up,
add one of the following lines in the BOOT.INI file in the root directory:
/INOSERIALMICE (detection is disabled on all serial ports) or
/INOSERIALMICE=COMx,COMy,COMz (detection is disabled on one or
more specified com ports)

Lassen iQ GPS Receiver
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Software Toolkit

The CD provided in the Starter Kit containstheiQ_Monitor, the
iQ_CHAT, and the GPSSK interface programs used to monitor GPS
performance and to assist system integrators in developing a software
interface for the GPS module. These applications are described in
detail in Appendix B, TSP User's Guide.

iQ_Monitor runs on the Windows 95/98/2000/X P platforms.
iQ_CHAT runs under the DOS operating system on a 386 or higher
processor.

Following are quick start instructions for using the iQ_Monitor
application to monitor the receiver’s performance.

1. Connect one end of the serial interface cable to Port 1 of the
interface unit. Connect the other end of the cable to the COM
port of your PC.

Turn on the DC power source or plug in the AC/DC converter.
Insert the CD in the computer’s CD-ROM drive.

4. TheiQ_Monitor program may be run directly off the CD or it
may be copied onto your computer’s hard drive. To run the
program off the CD, initiate theiQ_Monitor.exefile.

5. WhentheiQ_Monitor screen appears, the TX and RX
indicators appear in the lower left corner of the status bar. A
blinking TX indicates that the PC is transmitting commands to
the receiver; ablinking RX indicates that the PC is receiving
reports from the receiver. If either of these indicators stop
blinking, there is no activity. The PC COM port settings appear
in the lower right corner of this same status bar.

6. After aGPS antennais connected to the receiver and the
receiver has achieved a position fix, the transmitted position
reports, time, velocity, satellites tracked, and GPS receiver
status appear on the screen. The receiver also sends a health
report every few seconds, even if satellites are not being
tracked.

Lassen iQ GPS Receiver 17
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Note — I theiQ_Monitor program displays a question mark (?) in a
data field, the receiver has not reported a status for thisfield. If a (?)
remains in the data field, the GPS module may not be communicating
with the computer. Re-check the interface cable connections and verify
the serial port selection and settings. If the communication failure
continues after checking all connections and settings, please call the
Trimble Technical Assistance Center (TAC) at 1 (800) 767-4822.
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2 Hardware Integration

General Description

Trimble's new Lassen iQ GPS receiver adds complete GPS
functionality to mobile products, in a postage-stamp-sized footprint
with ultra-low power consumption. Using Trimbl€e's breakthrough
FirstGPS™ architecture, the module delivers complete position,
velocity and time (PVT) solutions for use in mobile, battery-powered
applications such as hand-held devices, PDAS, asset tracking devices,
and navigation applications.

The Lassen iQ GPS module is packaged in atiny form factor

(26 mm x 26 mm x 6 mm, including the metal shield). It typically
requires only less than 89 mw of power (at 3.3 VDC). The module
includes flash memory for firmware upgrades and storing the user
configuration.

Figure 2.1 Lassen iQ GPS Receiver Board without Shield
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Connectors

Digital I0/Power Connector

The Lassen iQ GPS module uses a single 8-pin (2x4) male header
connector for both power and data 1/O. The power and 1/0O connector,
J2, isasurface mount micro terminal strip. This connector uses 0.09
inch (2.286mm) high pins on 0.05 inch (1.27mm) spacing. The
manufacturer of this connector is Samtec, part number

ASP 69533-01.

Note — See Appendix F for mechanical drawings and specifications.

Mating Connectors

The customer must supply his own mating connector to the Lassen iQ
GPS receiver 8-pin (2x4) connector. There are two mating connectors
available:

»  Surface-Mount Mating Connector

A recommended surface mount mating connector is Samtec’'s
part number CLP-104-02.

When a surface-mount mating connector is chosen, the RF
connector must be attached to the Lassen iQ GPS module prior
to securing the module to the user’s PCB. The mounting tabs
may be used for securing the Lassen iQ GPS modul e to the PCB
when using the surface-mount mating scheme.
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Cable Strip Mating Connector

A low profile, cable strip mating connector is the second 1/0
mating method. A recommended cable strip part is Samtec’s
part number FFSD-04-?-X X part. The user will need to
substitute the following letters and numbers into the part
number when ordering this part where the '? and 'X X' symbols
occur: for the '? symbol substitute the letter Sfor single end or
D for double end; for the "X X' symbol substitute the overall
length in inches, £ 1/8 inch, with a2 inch minimum. Since the
signalsare CMOS TTL level signals, Trimble does not
recommend cable lengths of longer than six inches.

If the cable strip 1/O connector scheme is used, the connector
side of the Lassen iQ GPS receiver will be facing up and the
mounting tabswill be on the top of the module away from PCB.
The RF connector is easily accessible, using this interfacing
methodol ogy.

Figure 2.2 Cable Strip Mating Connector
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RF Connector

The RF connector mounted on the Lassen iQ GPS receiver isaHirose
connector, part number H.FL-R-SMT (10) 50 Ohm. The mating RF
connector is Hirose H.FL-LP-XXX where XXX depends on the cable

type.

Figure 2.3 Lassen iQ GPS Module with Connectors

Possible cable manufactures include the following:
e 148 mm diameter (single shield) cable:
—  CO-6F/FH-SB manufactured by Hitachi Cable Ltd.
— UL1979 manufactured by Junkosha Co., Ltd.

— 0.8DS-PBE manufactured by Sumitomo Electric Industry
Co., Ltd.

e 1.32 mm diameter cable (double shield):
— A12B0733 manufactured by Junkosha Co., Ltd.
e 1.47 mm diameter cable (single shield):
—  CXN2571 manufactured by W.L. Gore & Associated, Inc.
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Trimble offers three antennas for use with the Lassen iQ GPS receiver
receiver: The Ultra-Compact Embedded Antenna, which mates
directly to the RF connector. The Compact Unpackaged Antenna and
the Compact Magnetic-Mount Antenna, which mate through the
optional RF transition cable to the modul€’s RF connector. For more
information on the antennas, see page 33.

Digital I0/Power Connector Pinout

The digital 10/Power connector pinout information islisted in
Table 2.1.

Table 2.1 J2 1/0 Connector Signals

Pin number |Function Description
1 TXD A Serial Port A transmit, 3.3V TTL
CMOS

2 GND Ground, Power and Signal
3 RXD A Serial Port A receive, 3.3V TTL CMOS
4 PPS Pulse-Per-Second, 3.3 V TTL CMOS
5 TXDB Serial port B transmit, 3.3V TTL CMOS
6 RXDB Serial port B receive, 3.3V TTL CMOS
7 Prime Power (VCC)|+3.3 VDC to + 0.3VDC
8 Battery Backup +25VDCto+ 3.6 VDC

Power

24 Lassen iQ GPS Receiver



Hardware Integration 2

Power Requirements

The Lassen iQ GPS maodule requires +3.3 VDC 0.3 VDC at 33 mA,
typical excluding the antenna. The on-board capacitance is 10 pF. An
important design consideration for power isthe modul€e's internal

clock frequency at 12.504 MHz + 3 KHz. Interference spurs on prime
power in this narrow frequency band should be kept to less than 1mV.

The receiver does not require any special power up or down
sequencing. The receiver power is supplied through pin 7 of the I/O
connector. See Table 2.2 for the +3.3 VDC power specifications.

Warning — The Lassen iQ GPS receiver is ready to accept TSIP
commands approximately 2.1 seconds after power -up. If a command is
sent to the receiver within this 2.1 second window, the receiver will ignore
the command. The Lassen iQ GPS receiver will not respond to commands
sent within the 2.1 second window and will discard any associated
command data.

Battery Back-up

The Lassen iQ GPS receiver provides an input for battery back-up
(BBU) power to keep the module's RAM memory alive and to power
the real-time clock when the receiver's prime power is turned off.
RAM memory is used to store the GPS almanac, ephemeris, and last
position. User configuration data, including port parameters and
receiver processing options can be stored in non-volatile Flash which
does not require back-up power. By using battery back-up, timeto first
fix in ahot start is reduced to 10 seconds (typical). Though not
required, providing BBU power can reduce timeto first fix. A 3.6 volt
lithium battery used for back-up power can last up to three years.

Lassen iQ GPS Receiver 25



2

Hardware Integration

26

Warning — If battery power is not present, the receiver’s power can be
turned off and then back on to force a system reset and a cold start. The
receiver should be off for no less than 3 minutes to ensure that the RAM
memory does not retain any old data due to the residual voltage from the
power supply. To avoid waiting the 3 minutes, turn the receiver unit back
on immediately and issue TSIP command O0x1E with the value 4B. This

packet forces a cold start and clears battery backed RAM.

Note — 2.5V is the minimum allowabl e battery back-up voltage. When
the battery back-up power output drops below 2.5V, the real-time clock
may not operate over the specified temperature range. This can also
significantly extend the time to first fix. Trimble does not recommend

the use of Super Caps as battery back-up.

Table 2.2 Power Requirements

Signal \Voltage Current J2 Pin #
VCC 3.0t03.6 |27 mA 7
Battery Back-up [2.5t03.6 |20pA 8

(at 3.3 volts, +25°C)
Ground 0 - 2

Note — For proper operation when using battery back-up, the voltage
val ue of the battery should be 10% less than the val ue of the VCC.
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Serial Interface

As an embedded design, the Lassen iQ GPS module provides direct
CMOS compatible TTL level serial I/0. The RX and TX signals on
the J2 1/O connector are driven directly by the DUART on the Lassen
iQ GPS receiver. Interfacing these signals directly to a UART in your
application circuitry provides direct serial communication without the
complication of RS-232 or RS-422 line drivers.

Note — The serial 1/O signalson J2 are TTL level. They are not
inverted or driven to RS-232 levels.
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Serial Port Connections

Below are the required connections for the Lassen iQ GPS Rx pins
when they are not used for communication. Thisis required for
firmware release 1.10 and recommended for all subsequent firmware
releases.

Table 2.3 Serial Port Connections for Rx Pins

Serial Port |Pin # Assignment Default Required
Connections

1 Pin 3 RxA TSIP-IN High (VCC)
(via pullup)

2 Pin 6 RxB RTCM-IN High (VCC)
(via pullup)

Below are the allowable connections for the Lassen iQ GPS Tx pins
when the pins are not used for communication. This configuration
appliesto al firmware versions.

Table 2.4 Serial Port Connections for Tx Pins

Serial Port |Pin # Assignment Default Allowable
Connections

1 Pin 1 TxA TSIP-OUT Floating or High
(VCC) (via pullup)

2 Pin 5 TxB NMEA-OUT | Floating or High
(VCC) (via pullup)

Note — Attaching the Tx lines (pins 1 and 5) to VCC and using pullup
resistorsis not required. Use of pullup resistors and attaching to VCC
on Rxlines (pins 3 and 6) is mandatory (for firmware release 1.10 and
recommended for subsequent firmware releases) if these pints are not
otherwise connected to the system’'s communication ports.
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Below are the failure modes that will be experienced if the Lassen iQ GPS
pins are not connected as recommended (see above).

Table 2.5 Serial Port Connections for Tx and Rx Pins
Pin # High (VCC) |Low (GND) Floating
Pin 1 Works Board will be Works
(TXA, SI01 damaged
Pin 3 Works Will never produce a | Do not choose this
RxA, SI01 position fix option for firmware
release 1.10.
Operation cannot be
guaranteed. Failure
mode: will never
produce a position fix
Pin 5 Works Board will be Works
(TxB, S102 damaged
Pin 6 Works Do not choose this Do not choose this
RxB, S102 option! Operation option for firmware
cannot be release 1.10.
guaranteed. Failure | Operation cannot be
modes: may never guaranteed. Failure
produce a position modes: may never
fix, may output produce a position fix,
potentially bad fixes | may output potentially
intermittently bad fixes
intermittently

Note — The table above indicates that the Tx pins 1 and 5 should not
be tied to Ground. As there are no internal pullups or current limiting
resistors, tying Tx to Ground will directly pull down the VCC rail
through the chip. Thiswill pull excessive current, stressing the chip
beyond specification until it eventually fails.
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Pullup Resistor

A pullup resistor should be added to the board in the range of 1K to
100K ohmsfor connecting the above-mentioned pinsto VCC. One
end of the pullup resistor is connected to the iQ pin and the other end
is connected to the positive supply voltage VCC.

Note — The pullup resistor does not have to be powered by VCC. A
separate power source can be used, aslong asit is nhot greater than
VCC. The minimum power for the pullup is 2.0V.

Resistor Impact on PCB Power Consumption

The pullups do not affect the Lassen iQ GPS power consumption since
the resistors will be external to the board. The overall power
consumption of the user’s PCB will increase dlightly. Assuming 3.3V
VCC and 100k-pullup resistor, the power consumption increase will
be 109uW or 33uA per pullup. With a 1k pullup resistor, the power
consumption increase will be 10.9mW or 3.3mA per pullup.

To reduce the current draw, the users can choose higher value pullup
resistorsin the allowable resistor range of 1K-100K ohms. To
minimize the overall power consumption of the user’s board, 100K
ohms pullup can be selected.

To keep BOM items to a minimum, the user can choose the highest
value resistor used on their board.
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Pulse-Per-Second (PPS)

The Lassen iQ GPS receiver provides a four microsecond wide,
CMOS compatible TTL level Pulse-Per-Second (PPS). The PPSisa
positive pulse available on pin 4 of the power and /O connector. The
rising edge of the PPS pulse is synchronized with respect to UTC. The
timing accuracy is £50 nanoseconds when valid position fixes are
being reported.

Therising edge of the pulseistypically lessthan 20 nanoseconds. The
distributed impedance of the attached signal line and input circuit can
affect the pulse shape and rise time. In early PPS mode, the PPS can
drive aload up to 5mA without damaging the module. The falling
edge of the pulse should not be used. Init’'s default mode PPSis
aways on (early PPS) and is driven by the Real Time Clock (RTC)
until the receiver acquires GPS time from the satellite and is getting
fixes. In early PPS mode, the PPS is output immediately after main
power is applied, and continues even if the receiver loses GPS lock.
The drift of the PPS, when the Lassen iQ GPS receiver is not tracking
satellites, is unspecified and should not be used for synchronization.

The PPS output modes can be controlled with TSIP packet 0x35. The
modes are Always on (default), Fix Based, or Always Off. Cable delay
compensation is available through the use of TSIP packet Ox8E-4A.
After a specific mode is selected, it can be stored in non-volatile
memory (FLASH) using TSIP command Ox8E-26. For more
information, see Appendix A.

Note — Trimble Navigation has measured better than 50 nanoseconds
accuracy on the Lassen iQ GPSreceiver PPSsignal in static mode.
For more information on the use of the Lassen iQ GPSmodulein
timing applications, contact your Trimble sales representative.
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Mounting

The Lassen iQ GPS PCB is encased in ametal enclosure. The
enclosure acts as a protective case. There are four mounting solder
tabs on the bottom of the enclosure. When the surface-mount mating
connector is used, the mounting tabs may be used for securing the
Lassen iQ GPS module on the user’'s PCB. When the cable strip 1/0
connector scheme is used, the connector side of the Lassen iQ GPS
module will be faced up and the mounting tabs will be on the top of
the module away from PCB.

The Lassen iQ GPS module can be attached to the integrator platform
by many methodologies including solder, glue, double sided adhesive
tape, and custom hold down mounts for the module's mounting tabs.

Note — See Appendix F for mechanical drawings and specifications
regarding the spacing of the mounting tabs and the dimensions of the
enclosure.
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GPS Antennas

The antenna receives the GPS satellite signals and passes them to the
receiver. The GPS signals are spread spectrum signals in the 1575
MHz range and do not penetrate conductive or opaque surfaces.
Therefore, the antenna must be located outdoors with a clear view of
the sky. The Lassen iQ GPS receiver requires an active antenna. The
received GPS signals are approximately -130 dBm, at the surface of
the earth (in typical environments). Trimble's active antennasinclude a
preamplifier that filters and amplifies the GPS signals before delivery
to the receiver.

Trimble offers three antennas for use with the Lassen iQ GPS receiver
described below and in Appendix D.

1. The UltraCompact Embedded GPS Antenna with an HFL
connector, isideal for portable and mobile applications. This
unpackaged antennais approximately the same size asthe
module itself, and can be easily integrated into mobile
applications. This antennais supplied with the Starter Kit (see
Figure 2.4).

2. A Compact Unpackaged Antennawith an MCX connector,
dlightly larger than the ultra-compact model (see #1 above),
mates to the Hirose connector on the Lassen iQ GPS module
with an optional RF transition cable (see Figure 2.5).

Lassen iQ GPS Receiver 33



2 Hardware Integration

3. A Compact Magnetic-Mount GPS Antennawith a5 m cable
and an MCX or SMA connector. This antenna provides for a
flexible, movable installation. The MCX or SMA output
connector mates to the Hirose connector on the Lassen iQ GPS
module with an optional RF transition cable. The antenna with
the MCX connector is supplied with the Starter Kit (see
Figure 2.6). The MCX connector on the end of the antenna
cable matesto the MCX connector in the front of the Starter Kit
interface unit. The two screw holes on the bottom of the antenna
can be used to mount the antennato a metal plate. The
dimensions of these holes are 2.06 mm in diameter and 5mm in
depth.

Warning — When magnetic-mount or permanent-mount GPS antennas
are installed on a metal surface for prolonged periods, care must be taken
to insulate the antennas in order to prevent galvanic corrosion.
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Figure 2.4  Ultra-Compact Embedded GPS Antenna

Figure 2.5  Compact Unpackaged GPS Antenna

Figure 2.6 =~ Compact Magnetic-Mount GPS Antenna
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Start-up

Lassen iQ GPS receiver module is a complete 12-channel parallel
tracking GPS receiver designed to operate with the L1 frequency,
standard position service, Coarse Acquisition code. When connected
to an external GPS antenna, the receiver contains all the circuitry
necessary to automatically acquire GPS satellite signal s, track up to 12
GPS satellites, and compute location, speed, heading, and time. The
receiver will automatically begin to search for and track GPS satellite
signals at power-up.

The performance of a GPS receiver at power-on is determined largely
by the availability and accuracy of the satellite ephemeris data and the
availability of a GPS system almanac.

The first time the receiver is powered-up, it is searching for satellites
from a cold start (no almanac). While the receiver will begin to
compute position solutions within the first two minutes, the receiver
must continuously track satellites for approximately 15 minutesto
download a complete amanac. This initialization process should not
be interrupted. With a complete almanac and back-up power, the time
tofirst fix can typically be shortened to less than 42 seconds. The
receiver will respond to commands almost immediately after power-up
(see Warning below).

Note — See Chapter 4 for further detail on ephemeris data and the
GPSalmanac.

Warning — The Lassen iQ GPS Receiver is ready to accept TSIP
commands approximately 2.1 seconds after power -up. If a command is
sent to the receiver within this 2.1 second window, the receiver will ignore
the command. The Lassen iQ GPS Receiver will not respond to
commands sent within the 2.1 second window and will discard any
associated command data.
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Communicating with the Lassen iQ GPS Receiver

The Lassen iQ GPS Receiver supports three message protocols: TSIP,
TAIP, and NMEA. Communication with the module is through two
CMOS compatible, TTL level seria ports. The port characteristics can
be modified to accommodate your application requirements. Port
parameters can be stored in non-volatile memory (FLASH) which
does not require backup power. Table 3.1. lists the default port
characteristics.

Software Tools

The Software Tools provided on the Starter Kit CD-ROM include both
user friendly Windows and DOS applicationsto facilitate
communication with the receiver, viathe Trimble Standard Interface
Protocol (TSIP). This CD also includes sample C source code and
reusable routines to aid in devel oping applications.

Note — The TSP, TAIP, and NMEA protocols are discussed beginning
on page 42 of this chapter, and in the Appendices of this document.
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Port Configuration

The Lassen iQ GPS receiver module has two /O ports. Table 3.1
provides the default protocols and port configurations for the receiver,
as delivered from the factory. TSIP IN/OUT isthe default protocol on
Port 1 and RTCM-IN and NMEA-OUT isthe default protocol on

Port 2.

Table 3.1

Default Protocols and Port Configurations

Port

Input
Protocol

Default Setup

Output
Language

Default Setup

TSIP

Baud Rate: 9600
Data Bits: 8
Parity: Odd
Stop Bits: 1
No Flow Control

TSIP

Baud Rate: 9600
Data Bits: 8
Parity: Odd
Stop Bits: 1
No Flow Control

RTCM

Baud Rate: 4800
Data Bits: 8
Parity: None
Stop Bits: 1

No Flow Control

NMEA

Baud Rate: 4800
Data Bits: 8
Parity: None
Stop Bits: 1

No Flow Control

The Lassen iQ GPS Receiver can also be configured to output TAIP
messages. The Trimble standard port characteristics for TAIP are:

» Baud Rate: 4800

» DataBits: 8
o Parity: None
e StopBits:1

* No Flow Control

Any standard serial communications program, such as Windows
Hyper-Terminal or PROCOMM, can be used to view the NMEA or
TAIP output messages. TSIP is abinary protocol and outputs raw
binary serial datathat cannot be read when using Windows Terminal
or PROCOMM. To view the output of the TSIP protocol in text
format, use theiQ_CHAT or theiQ_Monitor program (see the CD-
ROM provided in the Starter Kit).
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The serial port driver intheiQ_CHAT Tool Kit matchesthe Lassen iQ
GPS receiver seria port characteristics. The TSIPPRNT program
converts binary data logged with theiQ_CHAT program into text that
may be printed and displayed. Both of these tools are included in the
Software Developer’s Toolkit.

Warning — When using the TSIP protocol to change port assignments or
settings, confirm that your changes do not affect the ability to
communicate with the receiver (e.g., selecting the PC COM port settings
that do not match the receiver’s, or changing the output protocol to TSIP
while not using iQ_CHAT).
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Port Protocol and Data Output Options

Protocol Configuration and Interface

The factory default 1/O protocol for Port 1 of the Lassen iQ GPS
receiver isthe Trimble Standard Interface Protocol (TSIP) for both
input and output. The settings for Port 1 are 9600 baud 8-odd-1. The
factory default protocol for Port 2is RTCM-IN and NMEA-OUT. The
settings for Port 2 are 4800 baud 8-none-1. The receiver protocol can
be re-configured using TSIP command packet OxBC, in conjunction
withiQ_CHAT, iQ_Monitor, or a user written serial interface
program. See Appendix A for details on the 0xBC command packet.

iQ_CHAT provides the simplest means to communicate with the
receiver using a PC (386 or higher) running either the DOS or
Windows operating systems. Responses are displayed on the computer
monitor in text format.

iQ_Monitor, a Windows-based GUI, provides a versatile graphical
interface for monitoring TSIP data. This application allows the user to
view complete receiver operations including data output, status and
configuration. In this application, the entry of command packetsis
replaced by traditional point and click pull-down menus.

C source code routines for iQ_CHAT are also provided on the CD
contained in the Starter Kit. When used as software design templates,
this source code can significantly speed-up code development.

The protocol settings and options are stored in battery-backed
Random-Access-Memory (BBRAM). They can aso be saved into the
non-volatile memory (Flash), if desired, using command Ox8E-26. See
to Appendix A for additional information on Flash storage for custom
operation.
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TSIP Data Output Modes

TSIP isthe default protocol for Port 1 on the Lassen iQ GPS receiver.
This binary language offers users awide variety of commands and
reports. TSIP enables the Lassen iQ GPS receiver to operate in two
data output modes, both available during operation. In Query Mode,
packet datais returned in response to input query packets. In
Automatic Mode, a selected group of data packetsis output
continuously at two fixed rates — every second and every five seconds.
The format and ensembl e of the automatic output packetsis
configured using packets 0x35, 0x70, and OX8E-20 (see Appendix A
for packet details). Packet settings are stored in BBRAM. They can
also be saved in non-volatile memory (Flash) using command packet
Ox8E-26. See Appendix A for additional information on Flash storage
for custom operation.

Default TSIP Output Settings
Default 0x35 setting (byte 0=2, 1= 2, 2=0, 3=0):
» Position and velocity data precision: single precision floating point
» Position output option and format (byte O setting):
— Latitude—radian
— Longitude —radian
— Altitude — meters (WGS-84)
* No super-packet output
» Veocity output option and format:
— East Veocity — meterg/sec.; + for East
—  North Velocity — meters/sec.; + for North
—  Up Veocity — meters/sec.; + for Up
e Timing
—  GPS Time Output
— PPSAIlwaysON
* Auxiliary/Pseudo Range Measurement
— Raw Measurements OFF
— Raw Pseudo Ranges OFF
—  Output AMU values
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Default 0x70 setting (byte 0=1, 1=1. 2=1. 3=0):

» Position-Velocity Dynamic Filter enabled

» Position-Velocity static Filter enabled

 Altitude Filter enabled

Default Ox8E-20 setting (byte 1 = 1):

*  0x8F-20 output isincluded in the super-packet for automatic output
IF packet 0x35 selects the super-packet for automatic output
options

Automatic TSIP Output Packets (fixed rate)

One second interval:

* Ox4A — (1) GPS position fix; (2) clock bias and time of fix; {20
byte format}

* 0x56 —velocity fix

* 0x6D — (1) list of satellites used for position fixes; (2) PDOP,
HDOP, VDORP; (3) fix mode

» 0x82 —DGPS position fix mode

Five second interval:

* 0x41 - (1) GPStime of the week (seconds); (2) extended GPS
week number; (3) GPS UTC offset (seconds)

* 0x46 —health of receiver

* 0x4B — (1) Machine/Code ID; (2) Rea -time-clock availability
status; (3) amanac validity status; (4) having super-packet support
status
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Packet Output Order

After power up or a software reset (packet Ox1E), seven start-up
packets are sent, only once, by the receiver in this order: 45, 46, 4B,
4A, 56, 41, 82

Before position fixes are available, the 1 second and 5 second interval
packets are sent in this order, periodically:

» Every one second for 5 seconds: 6D, 82
» Every five seconds 41, 46, 4B

When position fixes are available, the 1 second and 5 second interval
packets are sent in this order, periodically:

» Every one second for 4 seconds: 4A, 56, 6D, 82
» Every 5 seconds: 4A, 56, 41, 46, 4B, 6D, 82
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NMEA 0183 Protocol and Data Output Options

The National Marine Electronics Association (NMEA) protocol isan
industry standard data protocol which was developed for the marine
industry. Trimble has chosen to adhere stringently to the NMEA 0183
data specification as published by the NMEA. The Lassen iQ GPS
receiver also adheres to the NMEA 0183, Version 3.0 specification.

NMEA datais output in standard ASCII sentence formats. Message
identifiers are used to signify what datais contained in each sentence.
Data fields are separated by commas within the NMEA sentence. In
the Lassen iQ GPS receiver, NMEA is an output only protocol. The
NMEA protocol is described in detail in Appendix E.

The receiver is shipped from the factory with the TSIP protocol
configured on Port 1 and RTCM-IN/NMEA-OUT on Port 2. The Port
2 characteristics conform to the NMEA industry standard:

* 4800 baud

» 8datahits

* No parity

o 1 stop hit

* No flow control

The receiver can be reconfigured using TSIP command packet OxBC,
in conjunction with iQ_CHAT, iQ_Monitor, or a user written serial
interface program.

The NMEA output messages sel ection and message output rate can be
set using TSIP command packet Ox7A. The default setting on Port 2 is
to output the GGA and VTG messages at a 1 second interval.

If the NMEA configuration is permanently changed for the
application, the protocol configuration (0xBC) and NMEA message
output setting (0x7A) can be stored in the non-volatile memory (on-
board FLASH) using TSIP command Ox8E-26.
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Custom Port Configuration

iQ_CHAT can be used to customize the Lassen iQ GPS receiver
configuration settings and to save a configuration to non-volatile
memory. The most recent port configuration is stored in BBRAM.
This eliminates the need to repeat setup each time the receiver power
is cycled. However, if the battery-backed power is accidentally lost,
the port configuration automatically resetsto either what was saved in
the non-volatile memory (FLASH) or to the factory default.

Tip — To ensure continuous operation, store all port configuration changes
in the non-volatile memory.

Following are step-by-step instructions for using iQ_CHAT to
customize Lassen iQ GPS receiver port configuration.

Customizing the Configuration
1. Insert the CD inthe CD-ROM drive of your computer.
2. OpenaDOSwindow and set the path to theiQ_CHAT location.

3. Torunthe program, typeiQ_CHAT —cl if attached to PC
COM1, or typeiQ_CHAT —c2 if attached to PC COM2.

4. Power-up the receiver. Automatic report streams should be
scrolling up in the DOS window. Assuming that your receiver is
set to the default configuration, the settings will be: 9600 baud,
8-odd-1.

Note — |f data is not being output after receiver power up, usethe“/l”
command iniQ_CHAT to reset the COM1/COM2 setting in PC (not
the receiver).

Tip — Entering “?” in the iQ_CHAT window displays all the available
commands and their corresponding TSIP packets.
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5. Tore-configure the port settings and protocol, type “U” and
respond to the input prompts. At the end of this procedure,
select the option that resets the PC COM port to match the new
settings. Communication should resume almost immediately.

Saving the Configuration

1. Before storing the new configuration in FLASH, confirm that
the receiver has been configured to the desired settings.

Warning — Record the new serial port settings. If power is lost, this will
speed-up recovery. Alternatively, the receiver can always be returned to
the default configuration.

2. To save the configuration to Flash:

—  Enter “=" to access the command list page for the Ox8E
command packet.

— Enter “s’, to send the OX8E-26 command packet.

—  Communication is momentarily suspended while the
configuration is being stored in Flash.

3. To confirm that the configuration changes have been saved,
turn-off the power supply and the battery back-up for afew
minutes. Then, power-up the receiver and confirm that the
configuration changes have been retained. Alternatively, you
can use Packet 1E to command a cold start.

Note — Command packet OX8E-26 executes storage of various types of
receiver settingsin addition to the port and protocol. See Table 3.2 for
a complete list of the settings that can be stored in FLASH memory.
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Returning to the Factory Settings

At any time, the receiver can be returned to the factory default
configuration, using command packet Ox1E.

1. Type“~k” toinvoke the Ox1E command.
2. When prompted, select the factory default option.

Table 3.2 iQ_CHAT Command Settings Stored in Flash Memory
Command Packet Ox8E-26

TSIP Command ID |iQ_CHAT Description TSIP Response ID
Keystroke
0x35 ‘o’ TSIP input/output formatting 0x55

— Superpacket output (on/off)

— Position format (LLA and/or
ECEF)

— Precision (double or single)

— altitude format (MSL or HAE)
— Timetag format (GPS or UTC)
— PPS modes

— SNR format (AMU or C/Ng

— Automatic pseudorange

output
0x69 ‘e’ Enhanced Sensitivity Mode 0x89
Control
0x70 I Position filter controls 0x70

— Position filter on/off
— Static filter on/off
— Altitude filter on/off

Ox7A ‘q NMEA message formats and 0x7B
schedule

— NMEA output messages
— NMEA output interval

0x7e ‘a’ TAIP message formats and Ox7F
schedules
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Table 3.2 iQ_CHAT Command Settings Stored in Flash Memory
Command Packet 0x8E-26 (Continued)

TSIP Command ID [iQ_CHAT Description TSIP Response ID
Keystroke
0xBB ‘P’ GPS configuration parameters | OxBB
— Operating dimension
(2D, 3D,...)
— DGPS mode

— Dynamics mode

— Elevation mask

— SNR mask

— DOP mask

— PDOP switch

— DGPS correction age

0xBC ‘v Serial port configuration 0xBC
— Protocol: input, output

— Baud, data bits, parity, stop
bits

0x8E-20 =g Fixed point superfix control 0x8F-20
(default = on)
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Timing Applications

The Lassen iQ GPS receiver is an excellent source for accurate system
timing. Two examples of applications requiring accurate time are
environmental data acquisition and synchronization of
communications networks. The timing functions of the receiver are
supported by the TSIP protocol and the PPS signal. See Report Packet
0x41 or Super Packet 0x8F-20 in Appendix A for a description of the
time function reports for TSIP,

Note — GPStime differs from UTC (Universal Coordinated Time) by a
variable integer number of seconds. UTC = (GPStime) - (GPSUTC
Offset)

Asof April 2002, the GPS UTC offset was 13 seconds. The offset
increases by 1 second approximately every 18 months. System
designers should plan to read the offset value as a part of the timing
interface to obtain UTC. The GPS week number isin referenceto a
base week (Week #0), starting January 6, 1980.

The current GPS UTC offset is contained within the almanac
transmitted by the GPS system. The Lassen iQ GPS Receiver must
have a complete almanac before the offset datais valid.

Note — As of January 2005, the GPS Control Organization has not
added leap seconds on the usual 18 month schedule. As a result, the
offset has remained at 13 seconds.

Extended GPS Week Number

The Lassen iQ GPS Receiver outputs the Extended GPS Week
Number as the absolute number of weeks since the beginning of GPS
time or January 6, 1980. If the true GPS Week Number is desired,
ignore the extra M SBs of the Extended GPS Week Number and use
only the 10 L SBs (bytes 4 and 5 of Packet 0x41).

Note — After week number 2331, in year 2024, the TSP week number
rolls back to 1308. All dates reported in NMEA and TAIP, will be
invalid.
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Known Anomalies in Firmware Release 1.10

The following are know anomalies found in Lassen iQ FW v1.10.
These anomalies will be fixed in all follow on versions:

Position outages during the Weekend Rollover

The receiver would experience satellites being dropped and thus
several seconds of position outages during the weekend rollover,
which happens during Saturday to Sunday at midnight each week.
Thisanomaly isfound in Lassen iQ GPS receiver firmware version
1.10 and will be fixed in all future firmware rel eases.

Position outages during WNRO (Week Number Rollover)

The receiver would experience satellites being dropped and thus
several seconds of position outages during the next week number
rollover, which will happen on April 7, 2019 (GPS time). This
problem is caused by the End-Of-the-Week Rollover problem as
End-Of-the-Week Rollover occurs during WNRO. Thisanomaly is
found in Lassen iQ GPS receiver firmware version 1.10 and will be
fixed in all future firmer releases.

Extended TTFF timesin year 2023 - 2024

The user would experience extended warm and hot startup times
between years 2023 to 2024. This anomaly is found in the Lassen
iQ GPS receiver firmware version 1.10 and will be fixed in all
future firmware rel eases.

Static Filter issue

The static filter can be turned and stay on/off, based on user
configuration or by TSIP packet 0x70. However, when it is set to
off, it will beturned on internally after 255 position fixes are
generated. The query on the status of the static filter would still
indicate that it is being turned off even though it has been turned on
internally. Thisanomaly isfound in Lassen iQ GPS receiver
firmware version 1.10 and will be fixed in all future firmer releases.

TSIP packet 0x65 is not functional in Lassen iQ GPS receiver FW
v1.10. It will be fixed in all future firmware releases.
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Introduction

This chapter describesthe Lassen iQ GPS receiver satellite acquisition
and tracking processes, performance characteristics, and system
architecture. This discussion assumes that you are familiar with the
basic theory of the Global Positioning System. Before proceeding to
the detailed discussion of the satellite acquisition and tracking process,
please review the GPS satellite message description on the next page.

The Lassen iQ GPS receiver satellite acquisition and tracking
algorithms can achieve a position solution without any initialization.
The receiver automatically selects and tracks the best combination of
satellites to compute position and velocity. As satellites move out of
view, the Lassen iQ GPS receiver automatically acquires new satellites
and includes them in the solution set as required.
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GPS Satellite Message

Every GPS satellite transmits the Coarse/Acquisition (C/A) code and
satellite data modulated onto the L 1 carrier frequency (1575.42 MHz).
The satellite data transmitted by each satellite includes a satellite
amanac for the entire GPS system, its own satellite ephemeris and its
own clock correction.

The satellite datais transmitted in 30-second frames. Each frame
contains the clock correction and ephemeris for that specific satellite,
and two pages of the 50-page GPS system almanac. The almanac is
repeated every 12.5 minutes. The ephemerisis repeated every 30
seconds.

The system almanac contains information about each of the satellites
in the constellation, ionospheric data, and specia system messages.
The GPS system almanac is updated weekly and is typically valid for
months. The ephemeris contains detailed orbital information for a
specific satellite. Ephemeris data changes hourly, but isvalid for up to
four hours. The GPS control segment updates the system almanac
weekly and the ephemeris hourly through three ground-based control
stations. During normal operation, the Lassen iQ GPS receiver module
updates its ephemeris and almanac as needed.

The performance of a GPS receiver at power-on is determined largely
by the availability and accuracy of the satellite ephemeris data and the
availability of a GPS system almanac.
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Satellite Acquisition and Time to First Fix

Cold-Start

The term “cold-start” describes the performance of a GPS receiver at
power-on when no navigation datais available. “cold” signifies that
the receiver does not have a current almanac, satellite ephemeris,
initial position, or time. The cold-start search algorithm appliesto a
Lassen iQ GPS receiver which has no memory of its previous session
(i.e., is powered on without the memory backup circuit connected to a
source of DC power). Thisisthe* out of the box” condition of the GPS
module as received from the factory.

In a cold-start condition the receiver automatically selects a set of
twelve satellites and dedicates an individual tracking channel to each
satellite, to search the Doppler range frequency for each satellitein the
set. If none of the twelve selected satellites is acquired after apre-
determined period of time (time-out), the receiver will select a new
search set of twelve satellites and will repeat the process, until the first
satelliteis acquired. As satellites are acquired, the receiver
automatically collects ephemeris and almanac data. The Lassen iQ
GPS receiver uses the knowledge gained from acquiring a specific
satellite to eliminate other satellites, those below the horizon, from the
search set. This strategy speeds the acquisition of additional satellites
required to achieve thefirst position fix.

The cold-start search sets are established to ensure that at least three
satellites are acquired within the first two time-out periods. As soon as
three satellites are found, the receiver will compute an initial position
fix. Thetypical timeto first fix isless than 2 minutes.

A complete system almanac is not required to achieve afirst position
fix. However, the availability and accuracy of the satellite ephemeris
data and the availability of a GPS almanac can substantially shorten
the time to first fix.
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Warm Start

In awarm-start condition the receiver has been powered down for at
least one hour but has stored a current almanac, an initial position, and
time, in memory.

When connected to an external back-up power source (battery
back-up), the Lassen iQ GPS receiver retains the almanac,
approximate position, and time to aid in satellite acquisition and
reduce the time to first fix. When an external back-up battery is not
used, the TSIP protocol allows the amanac, an initial position, and
time to be uploaded to the receiver viathe serial port, toinitiate a
warm start.

During awarm start, the Lassen iQ GPS receiver identifies the
satellites which are expected to be in view, given the system almanac,
theinitia position and the approximate time. The receiver calculates
the elevation and expected Doppler shift for each satellitein this
expected set and directs the twelve tracking channelsin aparallel
search for these satellites.

The warm start time to first fix, when the receiver has been powered
down for more than 60 minutes (i.e. the ephemeris dataisold), is
usually less than 45 seconds.

Hot Start

A hot start strategy applies when the Lassen iQ GPS receiver has been
powered down for less than 60 minutes, and the almanac, position,
ephemeris, and time are valid. The hot start search strategy is similar
to awarm start, but since the ephemeris datain memory is considered
current and valid, the acquisition time istypically less than 20
seconds.
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