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Revision Notice

This is the first release of this manual, Series 7400 Operation Manual, Part Number 31463-00,
Revision A, November 1996. This manual describes receiver firmware version 2.21.

Trademarks

7400DSi, 7400RSi, 7400MSi, 4000A, 4000AX, 4000DS, 4000DSR, 4000MSK, 4000MSK
DGPS Reference Station, 4000RS, 4000RSR, 4000S, 4000SE, 4000SSE, 4000SSi, 4000SST,
Asset Surveyor, DeltaNav QC, Dual-Frequency, FastStatic, Geodetic Surveyor, Geodetic
Surveyor SSi, Geodetic System Surveyor, Geodetic System Surveyor SSi, GIS Surveyor,
DSM, Land Surveyor Il, Land Surveyor IID, NavBeacon XL, ProBeacon, Site Surveyor, Site
Surveyor SSi, Super-trak, Survey Controller, System Surveyor Il, TDC1, TRIMMAP,
TRIMNET, TRIMNET Plus, TRIMTALK 900, TRIMTALK 450, TRIMVEC, TRIMVEC

Plus, TANS, TSIP, and WAVE are trademarks of Trimble Navigation Limited. Scorpio is a
registered trademark of Scorpio Marine Electronics, Limited. IBM is a registered trademark of
International Business Machines, Inc. MS-DOS and Windows are trademarks of Microsoft
Corporation. Intel is a trademark of Intel Corporation. All other brand names are trademarks
of their respective holders.

Patents

The Series 7400 receivers are covered by the following U.S. patents: 4754465, 4847862,
5148179, 5202694, 5296861, 5357527, 5359332, and other patents pending.

Disclaimer of Warranty

EXCEPT AS INDICATED IN “LIMITED WARRANTY” HEREIN, TRIMBLE HARDWARE,
SOFTWARE, FIRMWARE AND DOCUMENTATION IS PROVIDED “AS IS” AND WITHOUT
EXPRESS OR LIMITED WARRANTY OF ANY KIND BY EITHER TRIMBLE OR ANYONE WHO
HAS BEEN INVOLVED IN ITS CREATION, PRODUCTION, OR DISTRIBUTION INCLUDING
BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. THE ENTIRE RISK, AS TO THE QUALITY AND
PERFORMANCE OF THE TRIMBLE HARDWARE, SOFTWARE, FIRMWARE AND
DOCUMENTATION, IS WITH YOU. SOME STATES DO NOT ALLOW THE EXCLUSION OF
IMPLIED WARRANTIES, SO THE ABOVE EXCLUSION MAY NOT APPLY TO YOU.

Limitation of Liability

IN NO EVENT WILL TRIMBLE OR ANY PERSON INVOLVED IN THE CREATION,
PRODUCTION, OR DISTRIBUTION OF THE TRIMBLE SOFTWARE BE LIABLE TO YOU ON
ACCOUNT OF ANY CLAIM FOR ANY DAMAGES, INCLUDING ANY LOST PROFITS, LOST
SAVINGS, OR OTHER SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY




DAMAGES, INCLUDING BUT NOT LIMITED TO ANY DAMAGES ASSESSED AGAINST OR
PAID BY YOU TO ANY THIRD PARTY, RISING OUT OF THE USE, LIABILITY TO USE,
QUALITY OR PERFORMANCE OF SUCH TRIMBLE SOFTWARE AND DOCUMENTATION,
EVEN IF TRIMBLE OR ANY SUCH PERSON OR ENTITY HAS BEEN ADVISED OF THE
POSSIBILITY OF DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY. SOME STATES DO
NOT ALLOW THE LIMITATION OR EXCLUSION OF LIABILITY FOR INCIDENTAL OR
CONSEQUENTIAL DAMAGES SO, THE ABOVE LIMITATIONS MAY NOT APPLY TO YOU.

Software and Firmware Limited Warranty

Trimble warrants that Software and Firmware products will substantially conform to the
published specifications provided it is used with the Trimble products, computer products, and
operating system for which it was designed. For a period of ninety (90) days, commencing
thirty (30) days after shipment from Trimble, Trimble also warrants that the magnetic media
on which Software and Firmware are distributed and the documentation are free from defects
in materials and workmanship. During the ninety (90) day warranty period, Trimble will
replace defective media or documentation, or correct substantial program errors at no charge.
If Trimble is unable to replace defective media or documentation, or correct program errors,
Trimble will refund the price paid for The Software. These are your sole remedies for any
breach in warranty.

Hardware Limited Warranty

Trimble Navigation Limited products are warranted against defects in material and
workmanship for a period of one year. The warranty period shall commence thirty (30) days
after shipment from Trimble’s factory. Warranty service will be provided at a designated
Trimble Service Center. Trimble will at its option either repair or replace products that prove
to be defective. The Customer shall pay all shipping charges for products returned to Trimble
for warranty service. Trimble shall pay all shipping charges for the return of products to the
Customer. The above warranty shall not apply to defects resulting from:

. Improper or inadequate maintenance by the buyer

. Buyer-supplied software or interfacing

. Unauthorized modification or misuse

. Operation outside of the environmental specifications of the product
. Improper installation, where applicable

. Lightning or other electrical discharge

. Fresh or salt water immersion or spray

. Normal wear and tear on consumable parts (for example, batteries)

O~NO P~ WN PP

No other warranty is expressed or implied. Trimble Navigation Limited specifically disclaims
the implied warranties of fithess for a particular purpose and merchantability.
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Preface

Welcome to th&eries 7400 Operation Manudlhis manual

describes the Series 7400 family of GPS receivers and provides
guidelines for configuring the receivers for real-time, high-precision
applications. The Series 7400 family of GPS receivers use advanced
navigation architecture to achieve real-time centimeter accuracies
with minimal latencies.

Scope and Audience

Even if you have used other Global Positioning System (GPS)
receivers, we recommend that you spend some time reading this
manual to learn about the special features of your Series 7400
receiver. The following sections provide you with a guide to this
manual, as well as other documentation you have received with this
product.

Organization
This manual contains the following chapters and appendices:

«  Chapter 1, Overview, describes Series 7400 features and Real-
Time Kinematic technique.

» Chapter 2, Using the Simulated Keypad and Display, gives
basic instructions for using the simulated keypad and display.
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Chapter 3, Receiver Configuration, shows you how to
configure a Series 7400 base station and rover receiver for
operation and gives guidelines for verifying proper operation.

Chapter 4, Receiver Operation, includes step-by-step
instructions for operating the Series 7400 receiver.

Chapter 5, NMEA-0183 Output, describes the basic structure
of NMEA-0183 output messages and describes the NMEA
output messages supported by the receiver.

Chapter 6, TrimComm Protocol, describes the structure of the
Trimble TrimComm command packets and report packets, and
describes the data format of values included in packets. Also
included is detailed information about the Application File
Interface and guidelines for managing the application files
stored on the receiver.

Chapter 7, TrimComm Command Packets, summarizes the
Trimble TrimComm command packets supported by the
receiver and provides detailed descriptions of command packet
flow and structure.

Chapter 8, TrimComm Report Packets, summarizes the
Trimble TrimComm report packets supported by the receiver
and provides detailed descriptions of report packet flow and
structure.

Appendix A, Data and Power Connections, gives guidelines
for interfacing the Series 7400 receiver to other devices.

Appendix B, Specifications, lists the Series 7400 receiver
physical and technical specifications.

Appendix C, Updating Firmware, gives instructions for
installing new versions of the Series 7400 receiver firmware.

Appendix D, Serial Number Form, includes form for recording
the serial numbers of your Trimble equipment.

Appendix E, Hexadecimal Conversion Tables, includes
decimal to hexadecimal conversion tables.
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»  The Bibliography includes a list of suggested reading material
about GPS.

» The Glossary includes definitions of the terms used throughout
this manual.

* The Index lets you quickly lookup the location of information
about specific topics.

Related Information

This manual assumes that you are familiar with the basic procedures
for operating your Series 7400 receiver. If you are not yet familiar
with the receiver, see the first few chapters of your Series 7400 User
Guide. It also assumes that you are familiar with the principles of the
Global Positioning System (GPS), and with the terminology used to
discuss it. For example, you should understand such terms as space
vehicle (SV), Elevation Mask, and Dilution of Precision (DOP).

If you are not familiar with GPS, we suggest that you read the
bookletsGPS, A Guide to the Next Utili(i?/N 16778) and
Differential GPS Explaine{P/N 23036) that are available from
Trimble Navigation. For a complete citation to this booklet, see the
Bibliography.

Before proceeding to the next chapter, review the following sections
for information that will assist you in using this product and
communicating with Trimble to receive product updates and other
important information.
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Update Notes

You will find a Warranty Activation Sheet with your Series 7400
receiver. By sending in your Warranty Activation Sheet, you are
automatically sent update notes as they become available. When you
receive these packages, read them. They contain important
information about software and hardware changes. Contact your local
Trimble Dealer for more information about the support agreement
contracts for software and firmware, and an extended warranty
programs for hardware.

Technical Assistance

If you have problems and cannot find the information you need in this
document, call the Trimble Technical Assistance Center (TAC). The
phone numbers are:

+1-800-SOS-4TAC (in North America)
+1-408-481-6940 (International)
+1-408-737-6020 (fax)

You can call the Technical Assistance Center phones between 6 AM
to 6 PM Pacific Standard Time. A support technician will take your
call, help you determine the source of your problem, and provide you
with any technical assistance you might need.

Email
You can send email to the Technical Assistance Center at any time.
A support technician will respond to your email questions or
comments. The email address is: trimble_support@trimble.com.
Worldwide Web

XXi

Check the Trimble worldwide web site on the Intermatre://
WWW.TRIMBLE.COM) for the latest news on new products and
releases.
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FaxBack

FaxBack is a completely automated fax response system for selecting
documents and catalogs (lists of available documents) to be faxed
back to a fax machine. Call from a tone-dialing phone and FaxBack
guides you through the call by playing a pre-recorded voice message.

The FaxBack system is available 24 hours a day, seven days a week.
You can order a variety of documents, including; data sheets,
application notes, technical documentation, configuration guides,
assembly drawings, and general information.

To call the FaxBack service, dial +1-408-481-7704 and follow the
instructions received.

Internet FTP Address

You can visit the Trimble Public FTP site at any time to access
software patches, utilities, service bulletins, and FAQs. The FTP site
address is: ftp.trimble.com.

Bulletin Board Service

If you have a modem, check the Customer Support Bulletin Board
Service (BBS) on a regular basis for application notes, new software
release notices, and other information. The phone number is:

+1-408-481-7800
protocol: 8, n, 1

Reader Comment Form

A reader comment form is provided at the end of this guide. If this
form is not available, comments and suggestions can be sent to
Trimble Navigation Limited, 645 North Mary Avenue, Post Office
Box 3642, Sunnyvale, CA 94088-3642. All comments and
suggestions become the property of Trimble Navigation Limited.
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Document Conventions

XXiV

Italics identify software menus, menu commands, dialog boxes, and
the dialog box fields.

SMALL CAPITALS identify DOS commands, directories, file names,
and file name extensions.

Courier is used to represent what you see printed on the screen by
the DOS system or program.

Courier Bold represents information that you must type in a
software screen or window.

or(Ctrl) +(C) identifies a hardware function key or key
combination that you must press on a PC.

Helvetica Bold represents a software command button.
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Notes, Tips, Cautions, and Warnings

Notes, tips, cautions, and warnings are used to emphasize important
information.

Note — Notes give additional significant information about the subject
to increase your knowledge, or guide your actions. A note can
precede or follow the text it references.

& Tip — Indicates a shortcut or other time or labor-saving hint that can
help you make better use of the receiver.

w Caution — Cautions alert you to situations that could cause hardware
damage or software error. A caution precedes the text it references.

\1/
‘7& Warning — Warnings alert you to situations that could cause personal
injury or unrecoverable data loss. A warning precedes the text it
references.
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1 Overview

The Series 7400 receivers addresses a wide range of precise
positioning and navigation applications, including construction and
mining equipment positioning, robotic equipment control, marine
construction, vessel positioning and navigation, and hydrographic
surveying and dredging.

The Series 7400 receivers offer centimeter-level accuracy based on
RTK/OTF (Real-Time Kinematic/On-the-Fly) solutions and submeter
accuracy based on L1 C/A (Coarse/Acquisition) code phase
solutions. Automatic initialization and switching between positioning
modes allow for the best position solutions possible. Low latency (0.1
second) and high update rates (up to 5 Hz) give the response time and
accuracy required for precise dynamic applications.

Designed for reliable operation in all environments, the Series 7400
family of GPS receivers feature Trimble's Super-trak technology with
multi-bit signal processing. Super-trak technology improves satellite
signal acquisition and tracking and offers superior performance in
areas of satellite signal blockage as well as providing improved
resistance to jamming caused by radio frequency interference.
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The Series 7400 receivers provide an interface to a PC, external
processing device, or control system. The receiver can be controlled
through a serial port using an application file interface. The
application file interface allows you to script the Series 7400
operation with a single command. All receiver operations are set
using the application file interface or by using the supplied Microsoft
Windows Remote Controller software.

The Series 7400 receivers can be configured as an autonomous base
station (reference station) or rover receiver (mobile receiver).
Streamed outputs from the receiver provide detailed information,
including the time, position, quality assurance (figure of merit)
numbers, and the number of tracked satellites. The Series 7400
receivers also output a one pulse per second strobe signal, allowing
remote devices to precisely synchronize time.

1.1 Features

1-2

The Series 7400 receivers provides the following available features:

«  Centimeter accuracy, real-time positioning with RTK/OTF
data, up to 5 Hz position updates and 0.1 second latency

»  Submeter accuracy, real-time positioning using pseudorange
corrections with a 0.1 second latency

e Automatic OTF (On-the-Fly) initialization while moving
e Super-trak signal processing technology

* 4 serial I/O ports

*  Outputs local coordinates direct from receiver

« 1 PPS output

* Remote Controller software

* Rugged, lightweight, and power efficient

e One year hardware warranty
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*  Quick Plan software for mission planning
* RTK/OTF data input/output in Trimble Format (CMR)
*  Supports a subset of NMEA-0183 messages

. RTCM SC-104 Version 2.1 standard data format for code and
correction data input

. RTCM SC-104 Version 2.1 standard data format for code and
carrier correction data output

» Data Collector Support

1.2 Use and Care

The Series 7400 receivers are designed to withstand the rough
treatment typical of equipment used in the field, however, the
receivers are high-precision electronic instruments and should be
treated with reasonable care. The receivers operates in temperatures
ranging from —25°C to 55°C. The enclosure is sealed and buoyant. A
waterproof vent allows internal air pressure to adjust to altitude
changes.

High-power signals from a near-by radio or radar transmitter can
overwhelm the Series 7400 receiver circuits. This does not harm the
instrument, but it can prevent the receiver electronics from
functioning correctly. To avoid problems, try not to use the receiver
within 400 meters of powerful radar, television, or other transmitters.
Low-power transmitters such as those used in portable phones and
walkie-talkies normally do not interfere with Series 7400 operations.
For more information, see the Trimble technical ndééng Radio
Communication Systems with GPS Surveying Receivers

\1/
cf\i Warning — Operating or storing your Series 7400 receivers outside
the specified temperature range can destroy or limit the longevity of
the instrument.

Series 7400 Operation Manual 1-3




Overview 1

1.3 COCOM Limits

The U.S. Department of Commerce COCOM regulations require all
exportable GPS products to contain performance limitations so that
they cannot be used in a manner that could threaten the security of the
United States. In accordance, the Series 7400 receivers disable access
to satellite measurements and navigation results when the receiver's
velocity is greater than 1000 knots, or its altitude is above 18,000
meters. Access is restored when both limits are no longer exceeded.

During the violation period, all displays of position and velocity
related quantities are blanked, and all access to those quantities
through the serial ports is disabled. All applicable data fields in serial
output have zero values. These fields include position and velocity
results.

1.4 Real-Time Positioning and Critical Factors
Influencing Accuracy

The Series 7400 receivers offer seamless navigation to automatically
provide the best possible RTK/DGPS solution given the operating
conditions and correction data available. The receivers provide an
indication to the user of solution type and quality. This section
describes some operational capabilities which are optional features.
Please refer to thdser Guideprovided with your Series 7400

receiver for more details. The following sections give you an
understanding of the system operating modes and the factors
affecting solution type and accuracy.
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Many factors contribute to the position accuracy achievable with the
Series 7400 receiver. In autonomous (standalone) mode, range
measurements to the satellites are used to determine the location of
the receiver. Autonomous position accuracy is primarily dictated by
satellite geometry and Selective Availability (SA) errors. SA error is
an intentional degradation of the satellite signals. A Series 7400
receiver typically achieves 100 meter accuracy in the autonomous
(standalone) mode.

DGPS and RTK processing techniques rely on a base station
(reference station) receiver and a rover receiver (mobile receiver)
simultaneously collecting range measurements from a common set of
satellites. Many satellite-related measurement errors are the same for
two closely-spaced receivers. By differentiating satellite range
measurements, atmospheric and satellite errors are reduced, resulting
in position accuracies with two Series 7400 receivers of
approximately 50 cm (horizontal) with DGPS and a few centimeters
with RTK (fixed). The range at which the receiver automatically
switches modes between RTK and DGPS is user definable, the
default value is 10.0 Kilometers. The RTK data can be transmitted
two different ways—Trimble formatted RTK data message (CMR) or
RTCM SC-104, Version 2.1, formatted message Types 18 and 19.
DGPS data can be transmitted two different ways—RTCM SC-104,
Version 2.1, Type 1 messages or Type 9-3 messages. The mobile
receivers can accept RTCM SC-104, Version 2.1, message types 1,
9-3, 18, and 19 messages in one port, simultaneously, or the receiver
can accept RTCM SC-104, version 2.1, in one port and the Trimble
RTK messages (CMR) on another port.
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To achieve centimeter-level accuracy, the rover receiver must operate
in the RTK (fixed) mode. To do so, it tracks carrier-phase data and
must initialize itself relative to the base station receiver (reference
station). The initialization process involves the identification of the
correct set of integer carrier phase ambiguities between receivers and
satellites. This initialization is performed automatically by the Series
7400 receiver and is normally completed within one or two minutes.
Once the base station data is received and at least five common
satellites are tracked, the rover receiver attempts to identify the
correct ambiguities to initialize the system. If the rover receiver can
resolve the integer ambiguities, the receiver solves for a RTK (fixed)
solution. Before initializing and computing the RTK (fixed) solution,
the Series 7400 receiver computes RTK (float) solutions. RTK (float)
solutions are differentially corrected positions relative to the base
station. Once initialized, the position mode switches from RTK

(float) to RTK (fixed), and the position accuracy changes from the
meter level to very accurate centimeter level.

Immediately after satellite acquisition, RTK (float) solutions provide
position accuracies comparable with DGPS positioning techniques.
However, over time the RTK estimator converges to superior position
accuracy for the RTK (float) solutions compared to the DGPS
solutions. The time and accuracies achievable are dependent upon the
local operating environment and satellite constellation.

If the rover receiver is operating within the range specified by the
user in the RTK(1 Hz) mode and the RTK correction data is lost
(DGPS data is not available), the receiver produces a DGPS solution
for approximately 25 seconds based on the last received base station
data which is propagated into pseudorange corrections. After 30
seconds, if the RTK correction data is still lost and no DGPS data is
available, the receiver produces an autonomous solution.
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If the rover receiver is operating within the range you specify in the
RTK(5 Hz) mode, and the RTK correction data is lost (DGPS is not
available), the receiver continues to produce RTK solutions for five
seconds. After five seconds, a DGPS solution is generated for an
additional 25 seconds based on the last received base station data
which is propagated into pseudorange corrections. After 30 seconds,
if the RTK correction data is still lost and no DGPS data is available,
the receiver produces an autonomous solution.

If the range from the base station exceeds the range to automatically
switch between RTK and DGPS solutions and RTCM SC-104 DGPS
data is available, the rover receiver only computes DGPS solutions,
even when a RTK data source is available. The recommended
automatic switching threshold between RTK and DGPS solutions
should not exceed 10 kilometers. The effective range of the RTK data
link could limit this threshold, and the threshold should be adjusted
accordingly.

Note — Initialization time is determined by atmospheric properties,
satellite constellation, baseline length, and multipath. Try to minimize
reflective objects close to the antennas and keep baseline lengths
and elevation differences between the base station receiver and rover
receiver as small as possible.

c\rlé Warning — Although initialization in the Series 7400 receivers is very
reliable, incorrect initializations can occur. A bad initialization can
result in position errors of 1-3 meters. The receiver automatically
detects initialization failures, and reports and fixes the problem given
suitable satellite geometry information. Bad initializations are
generally followed by an increasing solution RMS.
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Solution Rates and Processing Techniques

The Series 7400 System uses proprietary techniques to provide
highly responsive position updates, many times per second. To
achieve a fast update rate and low solution latency (age), a slight
degradation in position accuracy is necessary. It is important for you
to understand how position accuracy varies depending on the
measurement rate of the Series 7400 receiver, the age of the radio
correction messages received from the base station, and whether the
Series 7400 receiver is computing RTK or DGPS solutions.

There are three modes of operation which determine how the Series
7400 receiver computes solution rates and associated latency and
accuracy effects. The three modes are RTK (5 Hz), RTK (1 Hz), and
DGPS (1 Hz or 5 Hz). To identify the measurement rate currently
used by the Series 7400 receiver, you can displag @eTROL

screen and choose th6ENERAL CONTROLS> softkey. In the RTK

(1 Hz) mode, the Series 7400 receiver generates RTK solutions at a
rate of once per second with exceptionally high accuracy and slightly
higher position solution latency (0.4 seconds). In the RTK (5 Hz)
mode, the Series 7400 receiver generates RTK solutions at a rate of
five per second with not quite as high position accuracy and lower
solution latency (0.1 second). In the DGPS (1 Hz or 5 Hz) mode, the
solution latency is 0.1 seconds. You need a good understanding of the
existing trade-offs of using the three modes in order to select the
appropriate update rate for a given application.
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In the RTK (1 Hz) mode, the rover receiver requires synchronized

GPS measurement data from the base station once per second, see
Figure 1-1.
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Figure 1-1. RTK (1 Hz) Mode System Timing

Typically, there are noticeable transmission delays of as much as 0.5
seconds incurred when sending measurement data from the base
station to the rover receivers over a radio link. The data bandwidth
capacity of the radio link dictates the transmission delay time. When
the base station data is synchronized with the rover receiver data, a
real-time kinematic baseline can be computed. The accuracy of the
real-time kinematic baseline is approximately 2 cm. The position
latency should be approximately 0.4 seconds when using a pair of

Series 7400 receivers (a base station and a rover receiver) with
TRIMTALK 900 radio/modems.
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RTK (5 Hz) mode is best suited for applications requiring fast update

rates, but can tolerate a slight degradation in real-time kinematic
accuracy, see Figure 1-2.
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Figure 1-2. RTK (5 Hz) Mode System Timing

In RTK (1 Hz) mode, the radio link delay directly increases the
position solution delay. In RTK (5 Hz) mode, the radio link delay

does not increase the solution delay, but it does cause position
accuracy degradation.
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1.4.2 Base Station Receiver Type

The Series 7400 receivers use a state-of-the-art tracking scheme to
collect satellite measurements. Maximum real-time performance is
achieved when Series 7400 receivers is used as both the base station
and as the rover receiver. The Series 7400 receivers are also
compatible with the Trimble Series 4000 receivers. A 4000SSE/SSi
receiver can be used as the base station with a Series 7400 rover
receiver. Similarly, a Series 7400 base station can be used to support
4000SSE/SSi rover receivers. However, a slight degradation in Series
7400 real-time performance occurs when using a 4000SSE/SSi base
station.

When using a 4000SSE/SSi base station, the real-time data is
received from these receivers later than if you are using a Series 7400
receiver. In RTK (5 Hz) mode, this translates into approximately 2.5
cm of accuracy degradation. In the RTK (1 Hz) mode, the accuracy is
the same as if a Series 7400 receiver is used; however, the system
latency increases.
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Data Link Performance

The transmission speed of correction data sent to the rover receiver
can influence system accuracy and solution latency. Figure 1-3 shows
the position degradation resulting when RTK data link transmission
delays occur. Measurement data, base station coordinates, and base
station description messages are sent from the RTK base station over
the data link. The measurement data requires less than 2000 bits to
transmit information for nine satellites. A 2400 baud radio/modem

can support one update per second, however it is preferable to use a
much faster transmission rate. Typically, a 9600 baud modem
transfers base station data four times faster than a 2400 baud modem.

160.01
140.01
120.0¢
100.01
80.0 1
60.0 t
40.0 1
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Range Error (millimeters)

0 1 2 3 4 5
Data Age [seconds]

Figure 1-3. Range Error Caused By Old RTK Base Data

Figure 1-3 shows the typical error introduced into the satellite range
measurements as a function of the RTK base station correction packet
delay. An estimate of the position error induced by range error can be
computed by multiplying the graph in Figure 1-3 by the prevailing
Position Dilution Of Precision (PDOP).
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TRIMTALK radio/modems are designed to support real-time
kinematic positioning with Series 7400 receivers. The TRIMTALK
units do not require licensing in the U.S. and several other countries
around the World. Third-party radio/modems, cellular phones, or
satellite communication links can be used to transmit base station
data to one or more rover receivers. Factors to consider when
choosing an appropriate data link include:

* Range

»  Throughput capability

* Duty cycle

e Error checking/correction
*  Power consumption

The transmission error rate depends on the data link selected and the
operating conditions. The Series 7400 receivers are designed to
smoothly transition through missed base station data packets. If only
one measurement packet is missed, then a small increase in position
error may be detected. Longer RTK data outages cause a degradation
of the solution as shown in Figure 1-3.

Due to higher data latency with slower radio modems, the position
accuracy is degraded relative to the 9600 bps radio modem.

If the rover receiver is operating within the range specified by the
user in the RTK(1 Hz) mode, and the RTK correction data is lost
(DGPS data is not available), the receiver produces a DGPS solution
for approximately 25 seconds based on the last received base station
data which is propagated into pseudorange corrections. After 30
seconds, if the RTK correction data is still lost and no DGPS data is
available, the receiver produces an autonomous solution.
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If the rover receiver is operating within the range that you specify in
the RTK(5 Hz) mode, and the RTK correction data is lost (DGPS
correction data is not available), the receiver continues to produce
RTK solution for five seconds. After five seconds, a DGPS solution is
generated for an additional 25 seconds based on the last received base
station data which is propagated into pseudorange corrections. After
30 seconds, if the RTK correction data is still lost and no DGPS data
is available, the receiver produces an autonomous solution.

If the range from the base station exceeds the range you specify for
automatically switching between RTK and DGPS solutions, and there
is RTCM SC-104 DGPS data available, the rover receivers only
compute a DGPS solution (even if a RTK data source is available).
The recommended range for automatically switching between RTK
and DGPS solutions should be determined by the RTK data link’s
effective radio distance and should never exceed 10 kilometers.

Base Station Coordinate Accuracy

The base station coordinates are input by selectingBh8E

STATION> softkey from theCONTROLscreen. The base station
coordinates must be known to within 10 meters in the WGS-84 datum
for correct system operation. Rover receiver location is computed
relative to the base station coordinates. Incorrect or inaccurate base
station coordinates cause two problems in the rover receiver position
solutions. Every 10 meters of error in the RTK base station
coordinates introduces one part per million error in the RTK baseline
vector. This means that if the base station coordinates have a height
error of 50 meters and the baseline vector is 10 km, then the
introduced error in the RTK mobile receiver location is
approximately five centimeters.

Note — The <HERE> softkey on the BASE STATION screen in the
CONTROL menu, provides an approximate base station position
estimate and should not be relied on for precise work.
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Base station coordinate errors also impact the precision of RTK (5
Hz) position solutions. Every 10 meters of base station coordinate
error introduces as much as 5 cm of error in the RTK (5 Hz) position
solutions. If the position error ramps up with increased base station
data age (seBROP on theVECTORscreen), then there may be a
significant error in the base station coordinates.

1.4.5 Number of Visible Satellites

A GPS position solution can be considered a distance resection. The
satellite geometry directly impacts the quality of the position solution
estimated by the Series 7400 receiver. The Global Positioning System
is designed to position at least five satellites above the local horizon
at all times. Because the satellites are orbiting, the satellite geometry
changes throughout the day, but repeats from day to day. A minimum
of 4 satellites are required to estimate user location and time. If more
than 4 satellites are tracked, then an overdetermined solution is
performed and the solution reliability can be derived. Generally, the
more satellites included in the position solution computation, the
greater the solution quality and integrity.

A good measure of the satellite geometry quality is the Position
Dilution Of Precision (PDOP). The Dilution Of Precision value
represents the scale factor used to translate measurement error into
position error. If range measurements are accurate to 1.5 meters, then
a PDOP value of 2.0 means that the expected position solution error
is 3 meters. High DOP values indicate poor satellite geometry, and
low DOP values indicate good satellite geometry.

Even though four satellites provide a minimal solution for position
and time, real-time kinematic initialization requires at least five
common satellites between the base station and rover receiver. RTK
initialization can only take place when the base station and rover
receivers are tracking L1/L2 carrier-phase data on at lease five
common satellites. Once initialized, real-time kinematic solutions
can be computed with as few as four satellites, however, five or more
satellites are needed for integrity checking.
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1.4.6

1.4.7

Warning — Be wary of real-time kinematic solutions derived from only
4 satellites.

Elevation Mask

The Elevation Mask stops the Series 7400 receiver from using
satellites that are too low above the horizon to provide accurate data.
The previous discussion about the number of tracked satellites
concluded that the more satellites tracked, the better the solution
guality. This might suggest that to track more satellites, the Elevation
Mask should be made as low as possible. Low elevation satellites,
however, present problems for a GPS receiver. The amount of
atmosphere that the GPS signals must travel through increases for
low elevation satellites. The atmosphere corrupts the GPS signals.
The GPS antenna gain pattern also causes low elevation satellites to
have lower signal-to-noise ratios. Signal multipath also tends to
increase for low elevation satellites.

Using an Elevation Mask of greater than 10° for real-time positioning
is preferable. The default Elevation Mask of 13 ° works well for most
applications.

Environmental Factors

The environmental factors affecting GPS measurement quality
include:

* lonospheric activity
»  Tropospheric delay
e Signal obstructions and Multipath

. Radio interference
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lonospheric Activity

High ionospheric activity can cause rapid changes in GPS signal
delay, even between closely spaced receivers. Equatorial and polar
regions of the Earth are most effected by ionospheric activity at the
middle of the day. Real-time kinematic initialization performance can
be degraded in terms of the time required to initialize and also the
precision of the results during high ionospheric activity.

Tropospheric Delay

Tropospheric delay is modeled within the Series 7400 receiver. The
troposphere delay is caused by the lower part of the atmosphere and
varies with weather conditions, height above sea level, and satellite
elevation angle. A base receiver located in a sunny valley experiences
different tropospheric delays than a rover located at the top of a
cloud-covered mountain. Initialization and baseline accuracy are
effected by tropospheric delay. If possible, you should try to locate
the base station at approximately the same elevation as the rover.

Signal Obstructions and Multipath

Signal obstructions limit the number of visible satellites and can also
induce signal multipath. Flat metallic objects located near the antenna
can cause signal reflection before reception at the GPS antenna. For
phase measurements and RTK positioning, this effect is on the order
of a 1 to 5 centimeters. Multipath effects on the rover receiver
antenna are generally transient, while a static base station may
experience slowly changing errors. If possible, place the base station
in a clear environment with an open view of the sky. If possible use an
antenna with a groundplane to minimize multipath.
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Radio Interference

The Series 7400 receiver provides good radio interference rejection
circuits. A radio or radar emission directed at the GPS antenna can
cause serious degradation in signal quality or complete loss of signal
tracking. Do not mount the base station antenna in a location where
radio transmissions can cause interference.
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2 Using the Simulated
Keypad and Display

The Remote Controller software supplied with the Series 7400
receiver serves as the keypad and display screen for the Series 7400
receiver. This chapter gives you the basic skills necessary to use the
Remote Controller software’s simulated keypad and display. You can
use these skills in latter chapters to verify proper operation of the
receiver and to configure receiver operating parameters.

To use the Remote Controller software, you need to connect one of
the Series 7400 1/O ports to one of the serial ports on an IBM
compatible PC computer. The software runs under Microsoft
Windows and manages the communications link between the PC and
Series 7400 receiver. This chapter assumes that the Remote
Controller software is installed on a PC, and the PC is connected to
the Series 7400 receiver. Detailed instructions for installing and using
the Remote Controller software are provided inRieenote

Controller Software User’s Guide

Series 7400 Operation Manual 2-1




Using the Simulated Keypad and Display 2

2.1 Remote Controller Software

The Remote Controller software’s simulated keypad and display are
shown in Figure 2-1.

Cursor Simulated
Keys LCD Display Softkeys

Ttimble

LAT: 37°23'26.4191" N | 3D OLD POSITION
LON:122°02'16.5274" W 21:29:46.2 GF3
HGT : +61.821m WE3E 4
SVE:i26,17 ,6,23,22,21,28

JEL 4 |MN05| PQF!S | ALFHA I
STUT |\.-'\.v')<8| YZ-g . 0

Timer Simulated Function Power
LED Keypad Keys Key

Figure 2-1.  Simulated Series 7400 Front Panel

2.1.1 POWER Key

The(POWER] key can only turn the power off to the Series 7400
receiver. To turn off power, click tfBOWER] key.
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2.1.2 Simulated LCD Display

The simulated LCD display displays data about the current position
or survey operation, the satellites tracked by the receiver, the internal
status of the receiver, and a variety of other information.

The data displayed on the simulated LCD display is called a screen
and the various types of data are displayed in fields. Three types of
files are displayed on the simulated screens—Display-only fields,
Data-entry fields, and Carousels. For detailed information about
fields, see Working with Screens and Fields on page 2-7.

The simulated LCD display can display four lines of data at once.
When more than four lines of data is available for display, a down
arrow (! ) appears in the upper left corner of the display. You can
press th@ALPHA] key to display another four lines of data. The sample
screens in this manual show all of the lines of data associated with a
screen without displaying the arrow symbol.

Some screens are displayed solely for the purpose of viewing status
information. For instance, tH@AT INFOscreens show satellite
tracking and status information.

Data-entry screens are displayed when you need to configure the
operation of the receiver.

Many status and data-entry fields include menu options for

displaying additional screens and these screens can contain menus for
displaying more screens. Menu options are displayed on the right side
of the screen enclosed within angle brackets.
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Cursor Keys

The(<) and() keys let you move the cursor around the screen. You
use the cursor keys to move the cursor to data-entry fields before
entering data or choosing options from carousel fields Dtead(>)

keys are also used to position the cursor within a field when entering
numeric or alphanumeric characters. Each time you click a)tbe

(® key, the cursor moves in the direction of the arrow label on the key.

The (<) key move the cursor to the preceding line when the cursor
resides in the first character position within a data entry field(Phe
key moves to the next line when the cursor resides in the last
character position within a field.

Softkeys

The four softkeys perform different functions, depending on the
menu options displayed on the right side of the simulated display.
Menu options (also called softkey options) are displayed on the
screen enclosed within left and right angle brackets (< >). One
softkey is provided for each of the four lines on the simulated LCD
display. The first (top) softkey performs the action described by the
menu option on the first line of the display, the second softkey
performs the action associated with the menu option on the second
screen line, and so on. When a menu option is not displayed on a
screen for a specific screen line, the associated softkey performs no
action.

In the sample screen below, one menu option{HERE> softkey)
is displayed.
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The menu action associated with a softkey could be executed
immediately, or the action could display another screen which might
include additional menu options. In the sample screen above, the
<HERE> softkey enters the current position as the coordinates for a
base station.

Throughout this manual, softkey options are shown in procedures
enclosed within angle brackets and in boldface type.

2.1.5 Simulated Keypad

Use the simulated keypad to enter alphanumeric and numeric data,
and to select predefined values for data-entry fields.

Table 2-1. Keypad Functions

Key / Symbol |Description

(0)-(9) The numeric keys let you enter numeric data.

- The alpha keys become active when a field is
intended to accept alpha data and the
key is pressed.

ALPHA Pages through multiple screen lines, softkey
options, or predefined field options.
ENTER Accepts change entered into data fields. Press

ENTER] from the last data field to accept all
changes entered in all fields.

CLEAR Returns to the previous screen without saving
the changes made in any data fields.
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2.1.6

Function Keys

The six function keys display screens with options for displaying
status information and additional screens for controlling Series 7400
functions and options. Table 2-2 describes the operation of the
function keys.

Table 2-2.  Function Keys

Key Description

Displays the STATUS screen with options for
displaying factory configuration information, and
receiver systems information.

Displays the SAT INFO screen with options for
displaying satellite tracking and status information.

Displays the CONTROL screen with options for
configuring Series 7400 setup parameters.

Displays the MODIFY screens which includes
options for adjusting the LCD display. Most of these
options are not applicable for the simulated LCD
display.

Displays the SESSIONS screen with options for
displaying the application files directory, storing the
current parameter settings as an application file,
and options for warm booting the receiver.

Not applicable.
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2.2 Working with Screens and Fields

Table 2-3 gives a summary of the keypad and display operations for
the Series 7400 receivers Remote Controller software.

Table 2-3. Keyboard and Display Summary

Key / Symbol |Description

ALPHA Pages through multiple screen lines, softkey
options, or carousel data entry fields.

ENTER Accepts changes data fields. Press (ENTER] on
the last data field to accept all changes.

CLEAR Returns the screen to the previous menu level
without changing the data fields.

[1 Indicates a carousel data field used to select
from a limited options list.

! Indicates additional screen lines are accessible
by clicking on [ALPHAJ.

<> Indicates a softkey (menu option).

©and Moves the cursor between fields on the

simulated screen.

2.2.1 Types of Fields
Three types of fields are displayed on the simulated LCD display:
» Display-Only fields
« Data-Entry fields
* Carousels

Most fields include two parts—a field description and a reserved area
for entering or selecting data.
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Display-Only Fields

Display-only fields can appear on any screen. Some screens are
composed entirely of display-only fields. For example, the SAT INFO
screens show satellite status and tracking information. A cursor is not
displayed when a screen is composed entirely of display-only fields.
For screens containing combinations of data-entry, carousels, and
display-only fields, you are not allowed to move the cursor into
display-only fields.

Data-Entry Fields

Data-entry fields accept numeric or alphanumeric input from the
keypad. For example, the fields for entering latitude, longitude, and
altitude information accept numeric input from the keypad. Data-
entry fields are usually displayed when you configure receiver
operating parameters, or when you enable receiver functions and
options.

Carousels

Whenever square brackets [ ] appear around an item on the display,
you can click théaLPHA) key to change the value to one of a set of
options. The square brackets indicate a carousel data entry field.

is also used to page through more screen lines. Because the
simulated Series 7400 receivers display only has 4 lines, there are
times when additional information needs to be accessed. For
example, select tHeONTROL) menu. Four softkeys become active

and the down-arrow symbolappears in the top left corner of the
screen. The down-arrow is the visual cue that selel@imrgiA] pages
through more screen information.
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2.2.5 Entering Data in Fields

Carousels provide a way of selecting from a limited set of options.
Choosing a port number or type of output message is performed with
the use of carousels apdPHA]. Some data fields involve
alphanumeric entry through the keyboard. [@@TROL), <BASE
STATION>, screen, Figure 2-2, is a good example of both carousel
data entry and alphanumeric entry:

Figure 2-2.  Base Station Screen

The CMR field are transmission format and port carousels and can be
changed by clicking ofaLPHA]. Once the appropriate port is selected,
click on(ENTER] to accept the selection. After clicking(@NTER), the
cursor moves to the next entry field, ANT. HT. Alphanumeric keys

are used to enter the antenna height of the base station. Similarly,
latitude, longitude and height values are all entered using the
alphanumeric keypad.

The NAME field can consist of numbers and characters. Each
alphanumeric key has a dual purpose of selecting either a number or
one of three characters. to choose between a number or
letter from the alphanumeric keypad.

Clicking on(ENTER] accepts the data field and moves the cursor to the
next input item. To accept all of the selections on the display, click on

at the last field. All of the data selections are ign{regAR)

is selected while in a data entry scrdenEAR] is also used to move
back up the menu structure.

The greer(<) and() keys, on the left of the display, are used to move
between data entry fields without changing their values.
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3 Receiver Configuration

Instructions for verifying the correct operation of the Series 7400
receiver and configuring the receiver as a base station or rover are
included in this chapter. A complete operating system, including a

base station and rover receiver (mobile receiver), are shown in Figure
3-1.

o

|

2

@X) Rover Receiver

Radio Repeater

Figure 3-1.  Series 7400 System
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Although not shown in Figure 3-1, one or more radio repeaters could
be installed between the reference station and rover.

3.1 Setup

The Series 7400 receiver is enclosed in a water resistant yellow
plastic housing with carry straps. Each receiver has a front panel with
soft touch power switch and three LED status lights. Figure 3-2
shows the Series 7400 front panel.

3-2

Trimble

Jll DATA STATUS ON

o o o JECHER

Figure 3-2.

Series 7400 Front Panel

The front panel containsFOWERSswitch and three LEDs. Table 3-1
describes the functions of the three LEDs.

Table 3-1. Front Panel LED Indicators

LED Color Description

ON Solid Green llluminates when power is
activated on the receiver

STATUS Flashing Yellow | Flashes when a position fix is
computed

DATA Flashing Red Flashes when data is received or
transmitted by the receiver
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3 Receiver Configuration

The rear panel, shown in Figure 3-3, contains the data, power and
antenna connectors. The functions of the connectors are described in
Table 3-2.

Figure 3-3.  Series 7400 Rear Panel

Table 3-2. Series 7400 Rear Panel Connectors

Connector Function

PWR-1/0 1 Power connection and serial port 1

PWR2 &3 Power 2 connection and serial port 3

1/0 2 Serial port 2

AUX Serial port 4 and 1 PPS

ANTENNA GPS antenna input

EXT REF External timebase input (if External Frequency
Input Option is installed)

For descriptions of the connector pinouts, see Appendix A, Data and
Power Connections.
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3.1.1

3.1.2

Powering the Receiver

The Series 7400 receiver is shipped with a fused power and data
cable, P/N 27767. This cable provides power input through the PWR-
I/0 1 or PWR 2&3 connector. With power supplied to the receiver,
the ON (green) LED is lit as soon as the POWER switch is pressed.

Communicating with the Receiver

The Series 7400 receiver has two data cables in addition to the power
data cable—a 5-pin Lemo to DE-9 (P/N 18826) and a 7-pin Lemo to
DE-9 cable (P/N 18827). The 5-pin Lemo to DE-9 cable is used for
the PWR-1/O 1 connection or the PWR 2&3 connection. The 7-pin
Lemo to DE-9 cable is used for the 1/02 connection or the AUX
connection. These cables are configured for direct connection to PC
communication ports.

The default setup parameters for the Series 7400 receiver are:
* Base Station is off with all fields setto 0
* All SVs (satellites) are enabled

« Elevation mask is set to 13°, measurement rate is 5 Hz, and the
motion is kinematic

»  Power output mode is disabled
e 1 PPS output is enabled but the ASCII time tag is off
«  All serial port outputs are disabled

» All serial ports are configured for 9600 baud, 8 data bits, no
parity and 1 stop bit.

« No local coordinates are defined
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3 Receiver Configuration

3.1.3 Connecting the GPS Antenna

Place your GPS antenna outside on a level surface, in clear view of
the sky.

To connect the GPS antenna:
1. Connect the cable to the antenna using the N-type connection.

2. Connect the Lemo connection end to the Series 7400 receivers
ANTENNA connector.

When power is applied to the Series 7400 receive5THNEUS
(yellow) LED should start flashing after a few minutes. The
STATUSLED indicates that the receiver is computing a valid
position fix.

w Caution — Antennas for Series 7400 receiver and other recent Series
4000 receivers use a lower operating voltage than antennas for
earlier receivers (4000A, AX, SX, SL, SD). The Series 7400 receiver
does not operate with antennas for earlier receivers. Attaching an old
antenna to a newer model of receiver may cause damage. Attaching
an antenna made by another manufacturer may also cause damage
to the receiver, antenna, or both units.

3.1.4 Connecting the Radio/Modem

Set up the radio link following the instructions in the radio/modem
manual. Connect the radio/modem to the radio antenna, and also
connect the radio/modem to the GPS receiver.
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3.2 Verifying Operation

To verify receiver operation, you need a PC (386 or faster) running
DOS, Microsoft Windows 3.1, and the Remote Controller software.
The Remote Controller software displays a simulated front panel for
the Series 7400 receiver on a computer monitor. Since the Series
7400 receiver does not have these operator controls, this display
controls the receiver’s operation. The software uses a Microsoft
Windows mouse-driven operating environment. All receiver control
functions are supported on the PC, except for turning the receiver on
and off. For additional information, see tRemote Controller

Software User GuideTo verify Series 7400 receiver operation
perform the following steps.

1. \Verify that the Series 7400 receiver is powered on.

2. Connect the Series 7400 receiver to one of the PC’s
communications ports using the 5- or 7-pin Lemo to RS-232
data cable or the 7-pin Lemo to RS-232 data/power cable if
you are powering the Series 7400 receiver using the PWR 2&3
connection.

3. Open Windows and install the Remote Controller software as
described in thRemote Controller Software User’'s Guide

4. When the software is installed, double click on the Remote
Controller icon.

A window displaying a GPS receiver front panel appeatrs.
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5. SelectSetup Commso check the communication settings.

These settings must be the same as the settings of the Series
7400 receivereWR-1/0 1port. The default receiver parameters

are:
BAUD : 9600
STOP BITS : 1
NO PARITY

NO FLOW CONTROL

Make sure that the correct PC COM port is seleateii
throughcom4).

6. Click onOK. The software attempts to connect to the Series
7400 receiver.

7. If the connection is unsuccessful, check the receiver’s
communication settings again.

8. If the connection is successful the front panel screen lights up
and displays two options on the right side of the screen. A
prompt appears at the bottom of the screen regarding setting
the time.

If the GPS antenna and cable have been correctly connected to
the Series 7400 receiver, the receivers clock is set to GPS time
when the receiver is ready for operation and within 15 minutes
will be synchronized to UTC.

9. Click on the<POSITION> softkey. The black softkeys are
located at the right of the simulated screen.

When you selectPOSITION> a screen similar to the
following appears on the simulated screen.
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10. If the display showsLD POSITIONinstead o AUTONOMOUS,

check the GPS antenna cable connections and verify the
antenna has a clear view of the sky.

When the screen displagg TONOMOUS, the Series 7400
receiver is getting a standalone position (accurate within 100
meters). In addition, the screen displays latitude, longitude and
height, along with the satellites being used (SV’s), the time
(UTC) and the datum being used (default is WGS-84).

The Series 7400 receiver has now been verified, is operating
correctly, and is obtaining valid GPS signals to compute a position.

3.3 Configuring the Series 7400 as a Base Station

3-8

To configure the receiver as a base station:

1.

Click (CONTROL] to display theCONTROLscreen, then click
on the BASE STATION > softkey.

Click (ALPHA] to chose the transmission format. Depending on
the options installed on the receiver, #&MR> or <RTCM>
softkey is displayed.

Click (ALPHA] to choose the receiver 1/O port required for the
transmission of the base station data to your radio/modem.

If RTCM is selected as the transmission format, then select the
third carousel which contains the different RTCM output
message types, and cligkPHA) to select the different

message types.

Click (ALPHA] to enter the 3D coordinates of the base station
and the antenna height. If you do not have the coordinates of
the survey point, click on theHERE> softkey to fill in the
position fields with an autonomous GPS position (if available).

The positions obtained at the rover receiver are accurate
relative to the base station position.
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Note — Positioning accuracy is directly related to base station
coordinate accuracy. For more information, see Real-Time
Positioning and Critical Factors Influencing Accuracy on page 1-4.

6. Click(ENTER] to verify each field on the screen.

Warning — Clicking (CLEAR] before the fields are verified results in the
information being lost.

Note — Improved base station coordinates can be obtained using the
averaging capabilities within the receiver. For more information, see
BASE STATION Screen on page 4-27.

7. Click(CONTROL), click (ALPHA), and then click on theSERIAL
PORT SETUP> softkey.

Confirm that the serial port selected for the output has the same

serial protocol settings as your radio/modem.
8. Click(CLEAR] several times to return to the main screen.

When the receiver is outputting base station data, only the
<POSITION> softkey is displayed on tH®ASE STATION
screen.

9. Click the<POSITION> softkey and verify that the GPS
position is updating. Your base station should now be
transmitting data through the radio/modem.

These settings should remain fixed, even if the receiver is
powered off and on.

The Series 7400 receiver should now automatically wake up as a base

station and start transmitting corrections.
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3.4 Configuring the Series 7400 as a Rover

To configure the receiver as a rover:

3-10

1.

Click(CONTROL], click(ALPHA), and then click on theSERIAL
PORT SETUP> softkey.

Confirm that the serial settings of the receiver’s I/O port being
used for the correction input are the same as those selected for
the radio modem.

Note — The Series 7400 receiver automatically detects which port is
used to input corrections. You only have to verify that the serial
settings are correct.

Click(CLEAR] several times to return to the main screen.

Click <POSITION> and confirm the position type to B&K or
DGPS depending on the type of correction data you selected as
input for the system.

To enable the output of position and other data strings from the
receiver:

1.

Click(CONTROL], click(ALPHA), and then click on theSERIAL
PORT SETUP> softkey to configure the data output.

Confirm that the serial parameters of the receiver 1/O ports
match the communications parameters selected for the
interface device.

Click (CLEAR]), and then click on theSERIAL PORT
OUTPUT> softkey to choose output type.

For further information oNMEA/ASCII output and streamed
output, see NMEA OUTPUT Screen on page 4-37 and
STREAMED OUTPUT Screen on page 4-39. For detailed
information about data output formats, see Chapter 5,
NMEA-0183 Output.
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3.5 Installing the Receiver

The Series 7400 receivers are designed to provide the best possible
solution in a given environment. To make sure that the solution is as
accurate as possible, make sure that the receiver is mounted so that
the environmental conditions in which the unit operates do not
exceed specified capabilities. Excessive shock and vibration can
cause both loss of satellite lock and physical damage to the receiver.
The following sections provide information on how the Series 7400
receiver should be installed.

3.5.1 Choosing a Location

The Series 7400 receivers can be installed in any convenient location
close to the interface devices (PC and/or radio modem). The interface
cable supplied with the Series 7400 receiver is six feet long, but it can
be extended if necessary. Choose a location with the following
characteristics:

* ThelLED lights on the front panel are visible
*  ThePOWERSswitch is accessible
« DC power is available

« Clearance exists for the power, antenna, and interface
connections
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3.5.2

3.5.3

3-12

Environmental Considerations

Although the Series 7400 receiver is enclosed in a splash-proof
housing, it should be installed in a dry location. For receiver
specifications, see Appendix B, Specifications.

When selecting a location, avoid exposure to extreme environmental
conditions, including:

*  Frequent exposure to water
» Excessive heat (> 8T)

+  Excessive cold (< -25C)

«  High vibration

e Corrosive fluids and gases

Avoiding these conditions improves the Series 7400 performance and
long-term product reliability.

Mounting the Receiver

The Series 7400 receiver can be mounted to a flat surface using 6-32
screws. The receiver should be mounted to the host vehicle using the
four threaded mounting holes located on the bottom of the case (see
Figure 3-4). The mounting surface must be flat to prevent warping of
the receiver case. When positioning the receiver on the mounting
surface, allow sufficient clearance behind the Series 7400 receiver for
the power, antenna, and interface cables.
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mounting
holes depth
" 0.425"
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. 6-32 threads
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30.48 mm > 58.69 mm” 118.11 mm 17.272mm  12.624 mm
0.680"
17.272 mm
Figure 3-4.  Series 7400 Mounting Dimensions
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3.6 Connecting the Interface Devices

After installing the Series 7400 receiver and antenna, you can route
the interface cables. The cable routing depends on the number and
location of the devices connected to the Series 7400 receiver. A
connection scheme including both a PC and a radio modem is shown
in Figure 3-5.

Radio/Modem
L1/L2 Antenna Antenna

and Data
Cable

Series 7400
Receiver

Personal

10-35vDC Computer

Power Cable

Figure 3-5.  Series 7400 Connection Scheme
The Series 7400 receiver can also interface with PCs and modems.

For pin-out details about Series 7400 interface ports, see Appendix A,
Data and Power Connections.
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Note — Many interface devices require special connectors for their
interface ports. If the interface device does not include a connector,

consult its manual for information on appropriate connectors.

Note — In the pin-out table, (out) indicates an output signal from the
Series 7400 receiver and (in) indicates an input signal to the Series

7400 receiver.

3.6.1 Routing the Interface Device Cables

Next, route the cable from the Series 7400 receiver to the interface
device. When routing the cable, choose the most direct path to the
interface device while avoiding the following hazards:

Sharp bends or kinks in the cable

Hot surfaces (exhaust manifolds or stacks)
Rotating or reciprocating equipment
Sharp or abrasive surfaces

Door and window jambs

Corrosive fluids or gases

3.6.2 PC and Modem Connections

The interface cable supplied with the Series 7400 receiver is
compatible with many PCs and modems. Refer to the documentation
included with the PC or modem to identify the correct connector and
pin-out requirements for the serial port. Install the appropriate
connector on the Series 7400 receivers interface cable, and connect
the cable to the PC or modem.
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4  Receiver Operation

Series 7400 receivers can be controlled using either of the supplied
software packages—the Remote Controller software or the
Configuration Toolbox software. To learn about the software features
supported by your Series 7400 receiver, refer tdJger Guide

supplied with your receiver.

4.1 Receiver Screens

The Remote Controller software provides a simulated view of the
Series 7400 screen system. With the Remote Controller software
connected to the Series 7400 receivers, you can monitor and control
receiver operation.
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4

Table 4-1.

The Remote Controller screens are summarized in Table 4-1.

Remote Controller Screen Summary

Menu Key

Softkey — Level 1

Softkey — Level 2

<POSITION>

Displays the latest position, satellite
used, position mode, time of fix, and
coordinate system (see page 4-8).

<VECTOR>

Displays the latest real-time
kinematic vector information, the
solution RMS, age of corrections, fix
mode, number of continuously
initialized epochs, solution DOP
(Dilution of Precision), and any fault
messages (see page 4-10).

<VECTOR AMBIGUITY
STATUS>

Displays the ambiguity
resolution status and
search information for real-
time kinematic positioning
(see page 4-14).

<VECTOR BASE STATION
STATUS>

Displays the real-time
kinematic reference station
name, location, satellites
tracked at the reference
station, and the age of RTK
corrections (see page 4-16)

T Softkey is displayed only if option is installed on the receiver.

4-2

Series 7400 Operation Manual
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Table 4-1. Remote Controller Screen Summary (Continued)

Menu Key | Softkey — Level 1 Softkey — Level 2

<FACTORY CONFIGURATION>
Displays the firmware version,
installed receiver options, and the
memory configuration (see page
4-18).

<RECEIVER SYSTEMS>

Displays the Series 7400 operating
mode, active output messages,
power input, and memory availability
(see page 4-20).

<COORDINATE REFERENCE>
Displays the coordinate system,
coordinate zone, the datum method,
datum, ellipse, projection, site,
horizontal plane adjustment, and
vertical plane adjustment (see page
4-22).

<SV TRACKING>

Displays the tracking status of the
Series 7400 channels, including the
satellite number assigned to each
channel, the satellite elevation and
azimuth, method of code tracking,
signal to noise ratio values, issue of
data ephemeris, and user range
accuracy figures (see page 4-22).
<SV STATUS>

Displays the list of available, healthy,
unhealthy, enabled, and disabled
satellites (see page 4-24).

T Softkey is displayed only if option is installed on the receiver.
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Table 4-1. Remote Controller Screen Summary (Continued)
Menu Key | Softkey — Level 1 Softkey — Level 2
<DIRECTORY> <PREV>
Displays the directory listing of the Displays the previous
application files stored in memory application file.
(see page 4-25). <DELETE>
Deletes the current
application file.
<START>
Starts a new application
file.
<STORE CURRENT>
Accepts the file name used for
storing the current operating
parameters as an application file (see
page 4-26).
<USE FACTORY CONTROLS>
Restarts the receiver and set all
parameters to factory default settings
(see page 4-27).
Not applicable for Series 7400
receivers.
<LCD VIEW ANGLE>
Not applicable because the Series
7400 receivers do not have a display.

T Softkey is displayed only if option is installed on the receiver.
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Table 4-1. Remote Controller Screen Summary (Continued)

Menu Key | Softkey — Level 1 Softkey — Level 2

<BASE STATION> <HERE>
Displays data-entry fields for Applies the most recent
specifying the reference station position as the base station
location, antenna height, antenna location.

name, and the output port for real-

. . <AVG>
time corrections (see page 4-27).

Applies the cumulative
average position as the
base station location.

<SV ENABLE/DISABLE>
Displays fields for enabling and
disabling satellites (see page 4-31).

<GENERAL CONTROLS>

Displays fields for controlling the
elevation mask, basic measurement
rate, and motion state (see page
4-32).

<EXTERNAL FREQUENCY>T
Displays fields for selecting the
receiver timebase to use the internal
Series 7400 clock or a 5 MHz or 10
MHz external timebase (see page
4-34).

<POWER CONTROL>

Displays a field for controlling Series
7400 power output (see page 4-35).

<1 PPS OUTPUT>

Displays fields for enabling or
disabling 1 PPS output and
specifying the port number used for
outputting ASCII time tags (see page
4-36).

T Softkey is displayed only if option is installed on the receiver.
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Table 4-1. Remote Controller Screen Summary (Continued)

Menu Key | Softkey — Level 1

Softkey — Level 2

<SERIAL PORT OUTPUT>

Displays fields for configuring the
communication parameters for the
Series 7400 serial ports (see page
4-43).

<NMEA OUTPUT>
Displays fields and softkey
options for setting up the
NMEA-0183 message type,
serial port for outputting
NMEA messages, and the
message output frequency
(see page 4-37).

<STREAMED OUTPUT>
Displays fields for
controlling the output of
streamed messages (see
page 4-39).

<RT17/BINARY OUTPUT>
Displays fields for
configuring the output of
raw GPS data messages
(see page 4-41).

T Softkey is displayed only if option is installed on the receiver.
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Table 4-1. Remote Controller Screen Summary (Continued)

Menu Key | Softkey — Level 1 Softkey — Level 2
<SERIAL PORT SETUP>

Displays softkey options for setting
up the serial ports.

<INPUT SETUP>

Displays fields for selecting an RTCM
reference station and setting the
range used for switching between
DGPS and RTK (see page 4-44).

<JX-1100 SETUP>

Displays fields for interfacing the
Series 7400 receiver to a Clarion JX-
1100 radio/modem (see page 4-45).

<SET FACTORY DEFAULTS> <ENTER>
Resets the Series 7400 receiver to Restarts the receiver (see
use factory default parameter page 4-48).

settings (see page 4-48).

t Softkey is displayed only if option is installed on the receiver.
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4.2 POSITION Screen

The POSITIONscreen displays the latest position, satellites used,
position mode, time of fix, and coordinate system.

To display thePOSITIONSscreen:
1. Click(CLEAR] several times until thilain screen appears.
2. Click the<POSITION> softkey to display:

3. Use the field descriptions in Table 4-2 to understand the
position information.

Table 4-2. POSITION Fields

Field Description

LAT Displays the latitude coordinate of the antenna
phase center, relative to the selected coordinate
system.

LON Displays the longitude coordinate of the antenna
phase center, relative to the selected coordinate
system.

HGT Displays the height of the antenna phase center,

relative to the selected coordinate system. (EHT =
Ellipsoidal Height, GHT = Geoidal Height)

SVS Identifies the satellites used to compute the position
solution. The satellites displayed can be a subset of
the total satellites tracked by the receiver. In RTK
mode, the common satellites tracked by the
reference and rover stations are displayed.
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Table 4-2.

POSITION Fields (Continued)

Field

Description

Fix Mode

Identifies the method used to compute position
solutions:

¢ OLD POSITION — No position computed

e 