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Disclaimer of Warranty
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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
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breach in warranty.

Hardware Limited Warranty
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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
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The above warranty shall not apply to defects resulting from:

1. Improper or inadequate maintenance by the buyer
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Notices
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Preface

Welcome to the Series 4000 Application Guide. This guide describes
all standard applications of Trimble Series 4000 receivers, and the
procedures used to perform each of them. Once you are familiar with
the basics of operating your receiver, this manual and the appropriate
Quick References should be the only Serie s4000 manuals you need
to take into the field.

Scope and Audience

Even if you have used other Global Positioning System (GPS)
receivers and other minimum shift keying (MSK) receivers we
recommend that you spend some time reading this manual. This
manual assumes that you are familiar with the basics of operating
your Series 4000 receiver. If you are not, read the first few chapters of
the receiver'sJser Guide.

This manual also assumes that you are familiar with the principles of
the Global Positioning System (GPS), and with the terminology that
is used to discuss it. For example, you should understand such terms
asspace vehicl¢SV), elevation maskanddilution of precision

(DOP).
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If you are not familiar with the GPS, we suggest that you go to your
receiver'dJser Guideand read the appendix, “The NAVSTAR Global
Positioning System.” For more information, see Trimble's booklet
GPS, A Guide to the Next Utilityou can find a complete citation to
that booklet in the Bibliography of tt&eries 4000 Receiver
Reference

To download and postprocess logged data, you should know how to
use personal computers running the IBM DOS or MS-DOS operating
system. For example, you should be able to run programs, create and
use directories, and use common DOS commands s@bRas

REN, andDEL.

The following section provides you with a guide to this manual, as
well as to other documentation included with this product.

Organization

XViii

This manual contains the following chapters and appendices:

* Chapter 1, Introduction, briefly describes the applications that
Series 4000 receivers typically serve, and the procedures they
can perform. It also explains the purposes of the other Series
4000 manuals.

» Chapter 2, Static Surveying, discusses the static surveying
procedure.

* Chapter 3, FastStatic Surveying, discusses the FastStatic
surveying procedure.

* Chapter 4, Kinematic Surveying, discusses the kinematic
surveying procedure.

* Chapter 5, Differential GPS, discusses the differential GPS
(DGPS) procedure, with notes on some of its applications.
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Chapter 6, Navigation, discusses navigation with Series 4000
receivers. Navigation is an application rather than a GPS
technique, but it has some procedures of its own in addition to
the GPS procedures that it uses to compute position fixes.

Chapter 7, GIS Data Acquisition, discusses techniques for
capturing information for use in a GIS database. GIS data
acquisition is also an application, but it involves some matters
that are best treated apart from the differential GPS procedure
which is used to perform it.

Appendix A, Common Operations, describes certain steps that
occur in many of the procedures described in the chapters. Two
examples are how to configure a serial port and how to log data
externally (on a computer).

Appendix B, Troubleshooting Guide, gives suggestions for
identifying and correcting problems that users of GPS
receivers often encounter.

The Index provides an easy way to find topics in the manual.

Thank you for purchasing this Trimble product. At the end of this
manual you will find a reader comment form. We appreciate any
feedback you have about this manual.

Related Information

This manual contains system-wide, general information about the
various Series 4000 receivers. The following sections discuss other
sources of information.
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Update Notes

You will find a Warranty Activation Sheet with your 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.

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

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 A
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.
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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 hoursa 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.

Reader Comment Form

A reader comment form is provided at the end of this guide. If this
form is not available, comments and sugigest 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.

Document Conventions

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

SMALL CAPITALS identify DOS commands, directories, filenames,
and filename 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.
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[Return] or [Ctr]] + [C] identifies a hardware function key or key
combination that you must press on a PC.

Helvetica Bold represents a software command button.

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 DSMPro System.

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 Introduction

This manual applies to all current models of Trimble's Series 4000
GPS receivers.Table 1-4 lists these receivers and the classes of
applications they are designed to serve. These are the same models
covered by th&eries 4000 Receiver Reference.

The Series 4000 includes several earlier models, some of which have
substantially different hardware and firmware from the receivers in
Table 1-4. These receivers are discussed only in individpetation
Manualsthat predate the current Series 4000 documentation set. The
earlier models are the 4000A, AX, S, SX, SXD, SL, SLD, ST, and
SST, the Series 4000SE Static Land Surveyor, Kinematic Land
Surveyor, and System Surveyor, and the Series 4000RL-1l, RL-IIR,
DL-Il, and DL-IIR.

1.1 Notes on Terminology

Series 4000 receivers are used in several different applications that
have developed independently of each other, and this has led to a
certain amount of inconsistent terminology. For example, in static
surveying the point that a receiver's GPS antenna occupies during a
satellite observation has traditionally been callstbéion;in

FastStatic surveying it has been calledaak,and in kinematic
surveying it has been callecpaint.

Trimble's documentation has adopted a consistent set of terms as far
as it is practical to do so. For the present, this will lead to some
inconsistency between documentation and equipment.
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Table 1-1 summarizes the major changes in terminology introduced
in this manual and its companions. These terms and others are
defined in the Glossary of thieceiver Reference.

Table 1-1.  Major Changes in Terminology

New Term Old Terms Meaning

Reference mark

Reference station
Reference point

A point with known coordinates, used as
the site of a stationary receiver.

Survey mark

Survey station
Survey point

A point whose coordinates are to be
determined by a survey.

Mark Station A reference mark and/or survey mark.
Point

Base station Reference A receiver that occupies a reference mar
receiver throughout a survey, together with its

Reference station

antenna and any other equipment; or, the
site where the equipment is set up.

Rover Survey receiver A receiver that occupies one or more
Differential survey marks in the course of a survey,
station together with its antenna and any other

equipment.

Station — A base station and/or rover.

1.2 Applications and Procedures

An applicationis a type of task that GPS receivers can be used to
accomplish. Aprocedureis a well-defined series of steps for
accomplishing such a task. For example:

Control surveying is an application. Static surveying and
FastStatic surveying are two procedures that can be used to

perform it.

Topographic surveying is an application. Kinematic surveying
is a procedure that can be used to perform it.
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The next several sections describe the applications that Series 4000
receivers can serve, and discuss the procedures that are appropriate to
each one. Table 1-2 summarizes the applications and procedures.
Table 1-3 describes the procedures in more detail. Table 1-4 shows

which Series 4000 receivers are recommended each procedure;
Table 1-5 shows which antennas are recommended.

Table 1-2.  Series 4000 Applications and Procedures

Control surveying

Topographic surveying

Stakeout

Precision positioning

GIS data acquisition

features).

Navigation
Procedure

X Static surveying (quickstart or preplanned)
X FastStatic surveying
X X Kinematic surveying
X X | X | RTK (Real-Time Kinematic) surveying

X | X | Differential GPS

X | X | Autonomous operation
X - A primary application for this procedure.
X - An auxiliary application for this procedure (may require optional

Series 4000 Application Guide
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Table 1-3.  Characteristics of GPS Procedures
Minimum Minimum
No. of Observation Other
Procedure SVs Time Typical Precision Characteristics
Static 4 1 hour Single-frequency: Best precision typically
20 mm + 2 pp on baselines of <15 km
Dual-frequency: with §|ngle-frequgngy
5mm+1pp receiver, and no limit
with dual-frequency
receiver.

FastStatic 5--30 minutes lcm+1ppm

Kinematic 2 epoch 2cm+ 2 ppm Baseline limit is about

minimum; 15 km.

2 minutes ded Rover must be

recommende reinitialized if it loses
satellite lock at any time.

RTK (Real- 4 Position fix 2cm+ 2 ppm Baseline limit is about

Time takes 2 epochs 10 km.

Kinematic) Requires a radio link
and is normally use
with a Seismic
Controller or Survey
Controller.

Rover must be
reinitialized if it loses
satellite lock at any time.

DGPS 2D fix: 3 Up to 2 fixes/ Maxwell models : <1m | Requires a radio link; a

(Differential 3D fix: 4 sec. RMS horizontal with Seismic Controller or

GPS) 5 SVs, PDOP<4. Survey Controller is

Other models: 1--3m | ©Ptional. Extended

in same condi.tions navigation features

' require the Navigation
Package Option.
Autonomous 1D fix: 2 Up to 2 fixes/ 10 Om horizontal Requires only one
operation 2D fix: 3 sec. RMS if Selective receiver.
3D fix: 4 Availability is active;
[10--2 Om if not.
1-4 Series 4000 Application Guide
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1.2.1 Control Surveying

A control survey determines the coordinates of selectecerefer
marks in a region of interest. Control surveys must produce very
precise coordinates, and so use procedures that may be time-
consuming and expensive.

The procedures customarily used for control surveystati
surveyingandFastStatic surveyindgzach procedure requires one or
more receivers located at marks with known coordinates, and one or
more other receivers located at marks whose baselines are to be
determined. The receivers must make simultaneous observations of a
specified minimum number of satellites for a specified minimum

time. The baseline from the reference mark to each unknown mark
may then be determined by postprocessing the observed data, using
Trimble's GPSurvey software on a personal computer.

Static surveying is the most precise surveying procedure, and the
slowest. It requires observations of at least four satellites for a period
of 30 to 60 minutes. It yields baselines that are precise to better than
*5mm + 1 ppm

There are two types of static surveys: single- and dual-frequency.
Single-frequency static surveys are appropriate for surveys with
baselines shorter than about 1 5km under good atmospheric
conditions. Dual-frequency static surveys are required to ensure
accurate results in geodetic control surveys. Such receivers are used
with baselines from 15 k m up to about 80 Okm under good
conditions.

FastStatic surveying is a less precise procedure, but is substantially
faster. It requires simultaneous observations of at least four satellites
for a period of 5to  20minutes. It yields baseline components that are
precise to better than £1 cm + 1 ppm. Because of the relatively short
observation time, a single mobile receiver customarily is used to
make observations at several unknown marks in the course of a
survey.
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1.2.2

FastStatic surveying is limited to operations with baselines of about
20 km or less, and it is more sensitive to cycleslips and high PDOP
than static surveying is.

Topographic Surveying

A topographic survey determines the coordinates of all significant
points in a region of interest. The tetapographiccomes from this
application's most common use, the preparation of maps. Because of
the large number of points that must be surveyed, it uses procedures
that emphasize efficiency rather than precision.

The procedure most often used for making topographic surveys is
kinematic surveyindt utilizes one or more base station receivers that
remain at known reference marks, while one or more rovers move
about.

The base station and rover receivers must maintain satellite lock
continuously throughout the survey. If either receiver loses lock, even
momentarily, you must perform a reinitialization procedure before
you can go on.

There are two types of kinematic survstop-and-goin which the
rover must be stationary during an observation,caminuousjn
which the rover is in constant motion.

The stop-and-go survey is the type customarily used for topographic
surveying. It requires an observation of at least two epochs; a
minimum two-minute observation is recommended for best precision.

The continuous kinematic survey is useful for aerial and marine
surveying applications, and for non-surveying applications such as
monitoring the path of a vehicle. It determines a baseline for every
epoch in which the receiver is tracking at least four SVs.

Both types of kinematic survey typically are used over ranges of up to
about 15 km. Both are precise to about + 2c m+ 2ppm.
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RTK (Real-Time Kinematic) surveying is also used for topographic
surveying applications. RTK is described in the Stakeout section that
follows.

1.2.3 Stakeout

When you stake out a site, you locate the points that occupy specified
sets of design coordinates. You then can mark those points for future
reference, typically by driving stakes into the ground. In some nations
this application is called “setting out,” from the process of setting out
a group of stakes or other markers.

Stakeout is typically done to prepare a site for a construction or engi-
neering project, or to mark the boundaries of a subdivision.

The most efficient procedure for stakeout applicatiofsTiK (Real-

Time Kinematic) surveying. RTK is very similar to kinematic

surveying except that it uses a radio link between the base station and
the rovers, enabling the rovers to display survey results in real time. It
comes in the same two varieties as kinematic surveying, stop-and-go
and continuous, with the same range and precision. The occupation
time required to get a position fix in stop-and-go RTK surveying is

the same as for kinematic surveying.

Note — A Seismic Controller or Survey Controller is required
equipment for RTK surveying. The RTK surveying procedure is
described in the Survey Controller Operation Manual. This manual
does not describe RTK in detail.

For stakeout applications with lower precision requirements,
differential GPYDGPS) may be used. DGPS is precise to better than
+1 meter if Maxwell-based receivers are used, and to £2--5 meters if
not, depending on conditions. It can operate, with gradually
decreasing precision, over ranges of up to a few hundred miles. In
practice its range usually is limited by the radio link used to connect
the base station and rover.
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1.2.4

1.2.5

1.2.6

Precision Positioning

In a precision positioning application a receiver computes position
fixes continuously, in real time. The position fixes may be used to
ensure that an object such as a marine oil exploration platform
remains in position, or that a vehicle such as a crop dusting aircraft
follows its intended course. The receiver may be connected to
servomechanisms or graphic displays to assist its control functions.

The procedure customarily used for precision positioning is
differential GPS.

Navigation

In navigation applications a receiver provides information about a
vehicle's location and course, helping the operator to guide the
vehicle to its destination. Navigation may be done on water or land,
or in the air.

Series 4000 receivers can navigate with whatever real-time
positioning technique is enabled: differential GPS, RTK, or
autonomous operation. (lutonomous operatiom, single receiver
computes position fixes from whatever satellite signals are available.
Precision typically is 100meters horizontal RMS when Selective
Availability is in effect, and a few meters when it is not.)

GIS Data Acquisition

In this type of application, a receiver collects data for a geographic
information system (GIS) database. The application is similar to
topographic surveying, except that the receiver must collect text
information about survey marks (such as identification numbers or
street names) as well as coordinates.
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Table 1-4. Series 4000 Procedures and Receivers

Static surveying for geodetic control

Static surveying for local control

FastStatic surveying

Kinematic surveying
RTK surveying
Differential GPS
GIS data acquisition
Autonomous operation (stand-alone positioning)
Receiver Model
X X | X X | 4000SSE Land Surveyor IID
X X X | 4000SSE Geodetic Surveyor & Geodetic System
Surveyor

X | X [ X X | X | X | X | 4000SSE Site Surveyor
X X X X | X X X | 4000SSi Site Surveyor
X | X | X X | X | X | X | 4000SSi Geodetic Surveyor
X | X | X X | X | X | X | 4000SSi Geodetic System Surveyor
X | X X | X | X X | 4000SE Land Surveyort
X | X | X | X | X | X X | X | 4000SE Land Surve yorll & System Surv eyorll
X | X X | X | X X | 4000SE System Surveyort
X X X X X 4000RS or 4000RSR Reference Surveyor
X | X X X X | 4000DS or 4000DSR Differential Surveyor
X | X X | X X | X | GIS Surveyor Receiver
X - A primary procedure for this unit.
X - An auxiliary procedure for this unit (receiver may require optional features).
T - This unit is no longer in production.
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Table 1-5.

Series 4000 Procedures and Antennas

Static surveying for geodetic control

Static surveying for local control

FastStatic surveying

Kinematic surveying

RTK surveying
Differential GPS
GIS data acquisition
Autonomous operation (stand-alone positioning)
Antenna Model

X X | X | X | Compact Dome Antennat

X X X X Modular Antenna

X | X X | X | X | Compact L1 Antennat

X X | X | X | L1 Geodetic Antennat

X X X | X | X | 4000ST and SST Kinematic External Antennat
X | X | X X X | Compact L1/L2 Antenna without groundplane
X | X | X X X | L1/L2 Kinematic Antennat
X | X | X X X | Compact L1/L2 Antenna with groundplane
X | X | X X X | Permanent Reference Station L1/L2 Geodetic

Antenna
X | X | X X X | L1/L2 Geodetic Antennat
X - A primary procedure for this unit.
X - Anauxiliary procedure for this unit.
T - This unit is no longer in production.
¥ - For GIS data acquisition, the Compact Dome Antenna is recommended for rovers;
the Compact L1 Antenna is recommended for base stations.
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1.3 How to Use Your Receiver's Manuals
Each Series 4000 receiver is accompanied by several manuals:

»  TheSeries 4000 Application Guidthis manual) discusses the
capabilities and limitations of the procedures you can perform
with a Series 4000 receiver, and explains how to perform them.
When you go into the field, take this manual with you for
reference.

*  EachSeries 4000eceiver Series 4000 has its owser Guide.
For example, thd000SSE User Guid#escribes the 4000SSE
Geodetic Surveyor and the 4000SSE Geodetic Syste
Surveyor. AUser Guidediscusses characteristics of a receiver
that are not shared by all models of the Series 4000. It also
explains how to unpack and check out a receiver, and presents
an introductory guide to its use. It contains tables that describe
options, accessories, and spare parts applicable to your
receiver.

* TheSeries 4000 Receiver Referemescribes all features
found in Series 4000 receivers, in complete detail. It will be
useful when you need to know exactly how a particular key or
data display works, or you need technical information about a
receiver's power requirements, inputs, or outputs.

* Near the back of th8eries 400Receiver Referenage a
Glossary that defines many terms and abbreviations used in
these manuals, and a Bibliography of other literature of interest
to users of Series 4000 receivers.

e TheSeries 4000 Quick Referenmsnmarize the procedures
most often performed with Serie s4000 receivers. They are
much less detailed than tBeries 400@\pplication Guideput
their compact format makes them very convenient to carry in
your shirt pocket or backpack.
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1.4 Additional Sources of Informatio

Several agencies maintain free sources of information about the
status of the NAVSTAR Global Positioning System. This information
includes descriptions of known problems, plans for testing and
maintenance, etc.

If you have a modem, check Trimble's Customer Support Bulletin
Board Service (BBS) on a regular basis for application notes, new
software release notices, and other information. Refer to the Preface
to this manual for additional information on the Customer Support
BBS.

The Trimble Assistance Center (TAC) may also be called if you have
problems and cannot find the information you need in this document.
Refer to the Preface to this manual for additional information on
contacting the TAC.

United States Coast Guard's GPS Information Center (GPSIC) has
the following services:

Recorded voice message 703-313-5907

Live watch (8AM to 4PM Eastern Time).  703-313-5900
The watch can give some technical

assistance with the BBS, and can relay

reasonable amounts of BBS information to

callers who are not equipped to dial into

a BBS.

Fax communications 703-313-5920

General BBS number: 8 data bits, no parity 703-313-5910
1 stop bit, up to 9600 baud

Alternate BBS numbers in case of trouble  703-313-5918

with 5910. 703-313-5919
BBS number for high-speed US Robotics  703-313-5917
modems
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The United States Air Force's Space Systems Division operates a
BBS out of Holoman Air Force Base. (This BBS was formerly
operated out ofYuma, AZ, and is often known as “theYuma BBS.”)

General BBS number at Holoman AFB: 505-679-1525
8 data bits, no parity, 1stop bit, up to 9600baud
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2 Static Surveying

Static surveying is the most precise surveying procedure a

Series 4 0 00 receiver can perform, and also the slowest. It requires
observations of at least four satellites for a period of about 60
minutes.

There are two types of static surveys: single- and dual-frequency.
Single-frequency static surveys are appropriate for surveys with
baselines shorter than about 1 5km under good atmospheric
conditions. They yield baselines that are precise to better than

+2 cm + 2 ppm. Dual-frequency static surveys are required to ensure
accurate results in geodetic control surveys, with baselines up to

30 km or more under good conditions. They yield baselines that are
precise to better than £5 mm + 1 ppm.

The occupation time required for a static survey depends on man
factors. Until you develop substantial experience with the procedure,
it is wise to err on the side of safety. Trimble recommends an
occupation time of at leas t 45minutes during times when five or
more satellites are available, or 60minutes during times when only
four satellites are available. Trimble's Plan or Quick Plan program
can help you determine satellite availability at a specified site and
time.

The following sections discuss static surveying topics in this order:
1. Equipment and software required.
2. Setting up the equipment in the field.

3. Other applications of the static surveying procedure.
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4. How to run a quickstart static survey (a type of static survey
that requires minimal advance planning).

o

How to define and run a preplanned static survey.

o

How to use the auto-survey timer to run one or more surveys.
7. How to check the status of a survey.

A Field Guidebook for Static Surveyipgovides another description

of static surveying procedures, with emphasis on survey design and
planning. A full citation is given in the bibliography of the

Series 4000 Receiver Reference.

2.1 Equipment and Software Require

A static survey requires at least two receivers, each with an antenna,
tripod, and tribrach. For a dual-frequency static survey, you must use
dual-frequency receivers and antennas.

The preferred antenna is the Compact L1 Antenna with groundplane,
or the Compact L1/L2 Antenna with groundplane. The latter antenna
is required for dual-frequency work. The earlier L1 Geodetic
Antenna or L1/L2 Geodetic Antenna may also be used.

If multipath effects are not a concern, the Compact Dome Antenna
may be used for single-frequency work, and the Compact L1/L2
Antenna without groundplane may be used for dual-frequency work.

The L1/L2 Geodetic Antenna may be used for single- or dual-
frequency work; it is a predecessor of the Compact L1/L2 Antenna.

The Permanent Reference Station L1/L2 Geodetic Antenna may be
used in place of the Compact L1/L2 Antenna; it is electrically
identical but has a fixed groundplane.

The recommended software packages for postprocessing static
survey results are GPSurvey (a Microsoft Windows application) and
TRIMVEC Plus (a DOS application).

Series 4000 Application Guide




2 Static Surveying

2.2 Setting Up the Equipment

Base station receivers and rover&{ou must set up one or more base
stations, also called reference receivers, at reference marks whose
WGS-84 or NAD-83 coordinates are known with sufficient accuracy
for your purposes.

You must set up one or more rovers, or survey receivers, at the survey
marks whose coordinates are to be determined. (All Series 4 000
surveying procedures use the term rover for a receiver that is used to
find the coordinates of a survey mark.)

The hardware and setup procedures for base stations and rovers are
the same.

To set up a receiver:

1. Setup an antenna on a tripod with tribrach; center and level the
antenna and measure its height. The correct procedure is
described in the section Using and Caring for an Antenna.

2. Turn the receiver on. Wait for it to complete its self-test and
display theLog Datamenu, which look something like this:

If the receiver displays a screen similar to the one below, the
last survey it ran was never completed. See the section
Restarting a Session After a Power Failure.
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2.3 Other Applications of Static Surveying

2-4

The static surveying procedure is useful in several contexts other than
control surveying.

Many non-surveying applications involve logging satellite
measurement data, and the data logging procedure is identical to the
static surveying procedure. For example, this procedure can be used
to log position fixes in differential GPS operations.
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[ OGIDATA] key

Y

Log Data menu

Y

Quick-Start Now!

Y

Survey Status screen

Figure 2-1.
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QUICKSTART
CONTROLS
[l OGIDATA] key
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2.3.1 Running a Quickstart Survey

A quickstart survey is “quick” in the sense that you can start it
without defining a station and schedule a session first, and without
setting many of the parameters that a preplanned survey requires.

A gquickstart session requires less preparation than a preplanned
session, but it requires a person to stay near the receiver to start and
stop data logging. Thus, if you are working alone, you can quickstart
just one receiver. If you are working with a team, you can quickstart
as many receivers as there are people to attend them.

How to Inspect or Modify the Quickstart Controls

The recommended values for the quickstart control parameters are all
default values, shown in the screen below. Thus, it is usually not
necessary to change these parameters' values. If you should need to
change the values, or verify that they are set correctly:

1. SeleciSETUP SURVEY CONTROL$rom theLog Datamenu.

2. Ifthe receiver displays this screen, seMODIFY
QUICKSTART CONTROLS

3.

QUICKETART COMTROLE :
STORE FOSITION:  RHORMALLY | CHAMGE
H1SE MIM SUsr @3 LFIM

B15.8 SEC FRICCERT

Set each parameter to an appropriate value.
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- STORE POSITION: This parameter has the same set of
possible values as the POSITION LOGGED parameter in
the SPECIAL CONTROLS screen in the procedure for
defining a preplanned session. For more information, see
the section Step 4: Set Special Controls.

- ELEVATION MAS : The elevation below which satellites
will not be used for data logging. For more information, see
the section Step 6: Set Additional Parameters.

- MIN SVs: The minimum number of satellites that must be
tracked for data logging to take place. For more
information, see the section Step 6: Set Additional
Parameters.

- MEAS SYNC TIME The interval at which the receiver will
log data. For more information, see the section Step 6: Set
Additional Parameters.

Note — These parameters should have the same values on all
receivers used in a survey. If you must change them during a survey,
change them on all receivers at the same time.

During a survey, ELEVATION MASK and MEAS SYNC TIME may be
changed from the Control menu's MASKS/SYNC TIME selection.
STORE POSITION and MIN SVs: cannot be changed.

Operating parameters that are not on this screen should never be
changed during a session.
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How to Start a Quickstart Session
To start a quickstart session:

1. To ensure that the receiver performs the survey in a known,
correct state, set the power-up parameters to their default
values. SeleddEFAULT CONTROLSfrom theControl menu to
display this screen:

IMITIALIE

SETHiMGDD HRHLE BEED

E ALL COMTEOLS
START REP

ARE YO SURE 7

Press therES softkey and wait for the receiver to reset itself.

2. Ifyou are performing a dual-frequency survey, confirm that the
receiver is configured for dual-frequency operation. See the
section Configuring Single or Dual-Frequency Operation in
Appendix A for details.

3. SelectSETUP SURVEY CONTROL%$rom theLog Datamenu.
If the receiver displays a menu of types of controls, select
MODIFY QUICKSTART CONTROLSto display this screen:

KSTART COMTROLS :
E POSITION:  HORMALLY | CHANGE
UATION MASK:+15° MIM SUs: @3 IMINUS
: SYHL

Set the parameters to appropriate values. The values shown
above are recommended for all standard applications.

SeleclQUICK-START NOW! from theLog Datamenu.

When the required number of satellites become available
above the elevation mask, the receiver starts logging data.
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When you start a quickstart survey, the receiver creates a default data
file name based on the receiver serial number and today's date. (See
the sections How the Receiver and Programs Handle File Names and
Renaming the Current Data File in Appendix A.) The reference
position is taken from the most recent position fix. Positioning mode

is forced to Auto 3D/2D.

Antenna parameters.You may enter values for the antenna
parameters at any time during a survey, as explained in the section
Entering Antenna Parameters in Appendix A. If you do not do so, the
receiver will prompt you for them at the end of the survey. If you do
not enter them then, you must do so when you postprocess the logged
data.

Importance of Simultaneous Observations

Because the static surveying procedure is intended for control
surveying, where precision is essential, it is customary to make
simultaneous observations with all of the receivers used in a given
survey. This enables the postprocessing software to compute a
baseline between every pair of receivers, not just between the base
station and each rover. The additional baselines may then be cross-
checked for consistency, increasing the precision and reliability of the
results. This type of survey is calledetworksurvey, as opposed to a
radial-arm survey in which baselines are computed only between
each rover and the base station.

How to End a Quickstart Session
1. Press th¢ OG|DATA] key to display this screen:

SUREUEY : PLSER ITHPUT
i L H B E
i
i

{EHD SURVEY
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2.

Press th&ND SURVEY softkey to display this screen:

STOF THE CURREMT SURUEY 7

3.

SelectYES. The receiver stops logging data.

If you have already entered values for the antenna parameters,
the receiver returns directly to tB¢atusscreen in positioning
mode. This ends the quickstart static surveying procedure.

If you have not yet entered antenna parameters, the receiver
goes on to the next step.

The receiver briefly displays the following screen, then the
antenna parameter screen.

SUREVEY ERbDELR —— REHLY TL IREL

AMTEMMA HETGEHT

2-10

Enter appropriate values for the antenna parameters, as
explained in “Entering Antenna Parameters” on pagel93.
When you are done, the receiver returns tctiadusscreen in
positioning mode.
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Sessions menu
No stations defined yet
g v
J Step 1:
SEARCH SESSION | EDIT SESSION < NEW SESSION ‘ Select or Define
i a Station Description

Step 2:
REFERENCE POSITION Station's
FOR station Reference Position
ENTER REFERENCE
POSITION
(AUTO or MANUAL)

<
<

No sessions defined yet

>
\ |
Step 3:
SEARCH SESSION EDIT SESSION NEW SESSION Select or Define
a Session

Step 4:
SPECIAL CONTROLS Set Special Controls

Any day at specified time Step 5:
SELECT SCHEDULE or Once at specified time Schedule the Survey

FOR SESSION
Manual start by user STATION/SESSION filename Step 6:
tart Time/Date, it
\ Sotart Timel D Set Additional

Parameters
STATION/SESSION filename | ¢

(Elevation Mask, Sync Time)

A
Yes | aop ANOTHER SESSION Step 7: .
FOR STATION? Add Another Session?
No
A
Yes Step 8:
ADD ANOTHER STATION? Add Another Station?

q

Log Data menu

Figure 2-2.  Sessions Process
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2.3.2 Defining a Preplanned Static Survey

A preplanned static surveyust be scheduled before it is run. By
scheduling a preplanned survey, you can ensure that evemerece

will start and stop logging data simultaneously, at the intended times.
You can also leave a receiver to run unattended, enabling one or two
people to collect data simultaneously at several sites.

Note that quickstart and preplanned surveying sessions are just two
different methods aftarting and stopping@ static survey. In a single
surveying session you may run quickstart sessions on some receivers
and preplanned sessions on others.

To schedule a receiver for a preplanned session, you must:

1. Press thé§ESSIONS] key to begin th&essionprocess. Select
or define astation—a mark that the receiver will occupy while
logging data.

Enter the coordinates of the station.

Select or define a description ofession—a period of data
logging.

4. Setthe data logging parameters (special controls) to use for the
session.

Specify the session's start time and duration.

Set the additional parameters (elevation mask, etc.) to use for
the session.

7. Setup the receiver in the field before the time when the session
is scheduled to start.

2-12

Note — The Sessions screens have an inherent order, which defines
the Sessions process. (See Figure 2-1.) In general, pressing the
[ENTER] key takes you forward one step in the procedure; pressing
the [Cl EAR] key takes you back one step.
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Step 1: Select or Define a Station Description
Each station description (each mark) consists of:

* A numericindexfrom 1 to 30 which uniquely identifies the
station in the receiver's memory.

«  Afour-charactestation ID,chosen by you. You must refer to a
station description's station ID when you define a session
description.

* A name of up to three lines, chosen by you. The name
identifies the station in postprocessor screens and reports.

To define a new station description:
1. Press th{§SESSIONS] key.

If no station descriptions are defined in the receiver's memaory,
the receiver displays this screen:

HEl SiHTILNE Bk HLFHH

If any station descriptions are defined, the receiver displays this

screen:
EGIT STHTION: 1111 STHTIOHN

HHME S i PEEN S TH T LU

i M

2. IftheEDIT STATION screen is displayed, press MW
STATION softkey to display th’lEW STATION screen.

3. Enter the station's ID. Press {BETER] key or theACCEPT
softkey to move the cursor to tNaME field.
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Enter a name for the station description, up to three lines long.
You may press thaLPHA key to shift the keypad into
alphanumeric mode. Then pr¢ESSTER] again and go on to the
next step in th&essionprocess.

To select an existing station:

1.

Press th§SESSIONS] key. The receiver displays tE®IT
STATION screen, shown above.

The first line shows one station's four-digit station ID and two-
digit index.

Press th&lEXT STATION andPREV STATIONsoftkeys until
the screen shows the station you want to select.

You may also search for a station description by entering its ID
in the first field. When you start entering the 1D, a separate
SEARCHSscreen appears. When you are done entering the ID,
presgENTER] or ACCEPT The receiver will search for the
station description, and will display it in tE®IT STATION

screen if found.

You may change the station's name, if appropriate. Press
[ENTER] to accept the change, if any,and go on to the next step
in the Sessionprocess.

Note — You should also delete old station descriptions to make room
for new ones.To delete a station description, display that description
as if you were going to select it; then press the DELETE IT softkey.

Step 2: Enter the Station's Reference Position

Thereference positiogives the accepted coordinates of the antenna'’s
location during the survey.
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1. When you leave step 1 of tBessionprocess, the receiver
displays this screen:

mom. R e R ompr pe
= -
LR I L

The first line displays the ID of the station you selected.

2. SelectAUTOMATIC, or pres$ENTER]. This directs the receiver
to set the reference position by taking a position fix at the start
of the survey. Go on to step 3.

Note that the position fix is only needed to get the static survey
started. Its low precision will not limit the precision of the
survey's results.

Step 3: Select or Define a Session Description
Each session description has:

« A session ID, which must be unique among sessions stored in
the receiver's memory.

A session ID normally consists of the session's UTC day of
year followed by a sequence number. For example, the first
session conducted on February 1, UTC time, would
customarily be named 032-1 (because February 1 is the 32nd
day of the year); the second session on that date would be
032-2; and so on.

You can see the UTC day of year by pres§igTUsS], then
selectingDATE.

« Areference to a station description.

* A group of parameters callepecial controlavhich affect the
way data logging is done.
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* A group ofantenna parametenshich describe the antenna to
be used for the survey.

« The session's start time and duration.
To define a new session:

1. If no sessions are defined in the receiver's memory, the receiver
displays this screen:

BT - HL R
STHTIOM:
HAME :

If any sessions are defined, the receiver displays this screen:

|-:| |-:| |-:| - |-:|

AT 10k

HHME:E  THL

2. IftheEDIT SESSIONscreen is displayed, press tgw
SESSIONsoftkey to display thSIEW SESSIONscreen.
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3. Enter a session ID and press[ENTER] key or theACCEPT
softkey. Go on to step 4 of tigessionprocess.

To select an existing session:

1. Press th&lEXT SESSIONandPREV SESSIONsoftkeys until
the screen shows the session you want to select.

You may also search for a session description by entering its
ID in the first field. When you start entering the ID, a separate
SEARCHSscreen appears. When you are done entering the ID,
presgENTER]. The receiver will search for and the session
description, and will display it in tHeDIT SESSIONscreen if

found.

Note — You should delete old session descriptions to make room for
new ones, just as you can delete old station descriptions. To delete a
session description, display that description as if you were going to

select it; then press the DELETE IT softkey.

Step 4. Set Special Controls

Thespecial controlsare a group of parameters that affect the way the
receiver logs data when running a preplanned survey with this session
description.You set a session's special controls each time you select

the session, not when you create it.
To set the special controls:

1. The receiver displays this screen:

12%-1 SRPECIAL

SI0M

= TAL

USE RECEIVER

COMNTREOLS

COMNTREOLS

DEFAULTE £
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To use the special controls' default values, pressske
RECEIVER DEFAULTSsoftkey. This is appropriate in most
cases.

If you need to set any of the special controls to other values,
press thaJSE SPECIAL CONTROLSoftkey. The receiver
displays this screen:

Ob 1251
TIOMN LG

B

TAL COMNTREOLS

HLLY

[N WU S S -
N Y

2-18

POSITION LOGGEDcontrols the type of data that is logged and
frequency of logging. Possible values are:

NORMALLY: Log satellite data once per epoch, and a
position fix once every five minutes. This is appropriate for
most baseline surveying applications.

EVERY CYCLE: Log satellite data and a position fix once
per epoch. This is appropriate for applications that require
both satellite data and real-time position fixes.

EXCLUSIVELY: Do not log satellite data. Log a position
once per epoch. This is appropriate for some types of
applications that require real-time position fixes only.

LOG SMOOTH PR Controls logging of smoothed
pseudoranges. For static surveying this option must be set to its
default valueDISABLED.

OVER DETERMINE POSITION TYPE andHEIGHT SOURCE
concern position fixes only. They thus have no effect on static
surveys, although they may affect other applications that use
the same procedure.
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3. When all of the parameters are set, gEMNFEER] to display the
next screen. Go on to step 5.

Step 5: Schedule the Session
Next you must specify when the survey will start and stop.

1. The receiver displays this screen:

Ed-EdE ]
TR B LSER
FIED TIFE

TE AHE TIME --

SELECT SCOHEDRULE FOR: 12
FIHMLHL
HHY LHY M

OMCE AT SFECIFIED

The first line shows the station number, (in this case, 1234)
followed by the session number (043-1).

2. Press a softkey to select the manner in which the session is to
be started. For static surveys, the appropriate choice is either
MANUAL START BY USER or ONCE AT SPECIFIED TIME

- MANUAL START BY USER The session will be started and
stopped by the user. The receiver goes directly to the next
step of theSessiongrocess (step 6).

- ANY DAY AT SPECIFIED TIME: If started with theSTART
PREPLANNE procedure, the session will be run once, at
the next occurrence of a specified time of day.

If started with theENABLE AUTO-SURVEY TIMER
procedure, the session will be reweryday, at the specified
time, until the auto-survey timer is disabled.

The procedure for specifying the time is similar to the one
described below foONCEAT SPECIFIEDDATE AND
TIME, except you are not prompted to enter a date.
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ONCE AT SPECIFIED DATE AND TIME The session will be
run once, at a specified time on a specified day, whether
started withSTART PREPLANNEDor ENABLE
AUTO-SURVEY TIMER

When you select this choice, the receiver displays this
screen:

OESERUVETION TIME: @irlhs HCCERT

1 - d -
i@

A -]

The screen shows the scheduled start time and date and the
observation time. Change the values as appropriate and
press théENTER] key or theACCEPT softkey. Go on to step

6 of theSessionprocess.

Step 6: Set Additional Parameters

Next you must review the additional parameters, and change their
values if appropriate.

The receiver displays this screen:

2-20

The second line saECEIVER DEFAULTS IN USHTf all of
the special controls have their default valueSRECIAL
CONTROLS IN USEf any of them have been changed.
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The third and fourth lines display this session's values for the
additional parameters: elevation mask, minimum number of
SVs required to log data, and sync time (the interval at which
the receiver will log data). The cursor is initially in the
ELEVATION MAS field.

2. ELEVATION MASK is the elevation below which satellites will
not be used for data logging.

A mask of +15° is appropriate in most situations. You may
want to set a higher or lower mask if the horizon is unusually
obstructed or clear. Never set the mask to a value below 10°,
since atmospheric disturbances will impair the quality of the
results even if the horizon is perfectly clear.

PresdENTER] or ACCEPTto go on to the next field.

3.  MIN SVs is the minimum number of satellites required to make
observations. Static surveying require s 4satellitesyibut
SVs ordinarily should be set to 3 to ensure that the receiver will
continue logging data if the number of available satellites
temporarily drops below 4. Pre&8ITER] or ACCEPTagain.

4. MEAS SYNC TIMEis the rate at which the receiver will take
measurements. A value of 1 5seconds is appropriate for all
standard operations. Pr¢eNTER] or ACCEPTagain.

5. Go on to the next step of tBessiongrocess (step 7).

Step 7: Add Another Session

Next the receiver asks if you want to select and schedule another
session for the same station:

Ay
Laff RE R
L o ¥y
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To schedule another session, pressrtag softkey. Return to step 3.

If you do not want to schedule another session, pres¢Qtsnftkey.
Goontostep 8.

Step 8: Add Another Station

Next the receiver asks if you want to select and schedule sessions for
another station:

To select or define another station, pressviag softkey. Return to
step 1.

If you do not want to schedule sessions for another station, press the
NO softkey. The receiver displays theg Datamenu. This ends the
Sessiongrocess.

Note — Although the Sessions process leads directly to the Log Data
menu, it is completely independent of the procedure for running a
survey. There are no limitations on the procedures you may perform
between the time you define a session and the time you use it to run
a survey.
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Sessions procedure

Start Pre-Planned

Log Data menu

Enable Auto-Survey Timer

[ OGDATA] key

Y

e

SELECT STATION

Y

SELECT SESSION

Y

ANTENNA HEIGHT,
etc.

Y

STATION/SESSION
parameter changes

Start the survey

L Start Survey

End Survey
Survey Status screen
[l OGDATA] key
Y 172
Survey Mode
Log Data menu END SURVEY
Y v
CHANGES ANTENNA HEIGHT,
¢ etc.
ANTENNA HEIGHT, Y

etc.

End of Procedure

Y

AUTO-SURVEY
MODE IS...

Y

Enable

ENABLE & SLEEP or
ENABLE &
STAY AWAKE

v

ANTENNA HEIGHT,
etc.

Y

GOING TO SLEEP
IN 30 SECONDS...

Enter sleep mode

Press [POWER] or
[ OGDATA] key

AUTO-SURVEY
MODE ENABLED

Y

Log Data menu

Figure 2-3.
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2.3.3 Running a Preplanned Survey

Once you have set up a station and session description, you are ready
to run a preplanned survey.

Set up each receiver as explained in the section Setting Up the
Equipment in Chapter 3.

1. To ensure that the receiver performs the survey in a known,
correct state, set the power-up parameters to their default
values. SeledEFAULT CONTROLSfrom theControl menu to
display this screen:

PressYES softkey and wait for the receiver to reset itself.

2. Ifyou are performing a dual-frequency survey, confirm that the
receiver is configured for dual-frequency operation. For
specifics, see the section Configuring Single or Dual-
Frequency Operation in Appendix A.

3. Presdl OG|DATA]. The receiver displays the maing Data
screen, which will resemble this one:
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4. SelectSTART PRE-PLANNED The receiver displays this
screen:

EETS
§F i
& i

PR o
fomg 1 Bd B 3 PEaE s
Pl B # I W o

]
s

ot
[

Use theNEXT STATION andPREV STATIONsoftkeys to
display the appropriate station description. (You may also enter
the station ID from the keypad.) PréESTER] or ACCEP .

5. The receiver prompts you to enter antenna parameters by
displaying the antenna parameter screen.

To start the survey quickly, just pre&SCEPTand go on to the
next step. You may set the antenna parameters during the
session, or let the receiver prompt you to do so when the
session ends.

To set the antenna parameters now, see the section Entering
Antenna Parameters in Appendix A

6. Next the receiver displays this screen:

STHTIOM-SESSI0MNE Z345-8%35-1 1 5TART

HFEFELA . e

FldRi+[=ssssxs]
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The first line shows the name of the data file that the receiver
has created for this session. (You can change the file's name at
any time during the session; see the section Renaming the
Current Data File in Appendix A.) The second line shows the
approximate amount of memory left for logging data,
expressed in hours of operation at the current parameter
settings.

To start the survey, preSSART SURVEY

What happens next depends on the starting mode specified by
the session description:

- Manual Start by UserThe session starts as soon as the
required number of satellites is available above the
elevation mask.

- Any Day at Specified Tim&he receiver will start the
session at the next occurrence of the specified time.

- Once at Specified Date and TinTde receiver will start the
session at the specified date and time.

If a session's scheduled start time is past but its scheduled
duration has not expired, the receiver starts the session
immediately and runs it until it would have ended if started on
time. For example, if a session is scheduled to start at 1500
hours and run for one hour, and is started at 1545 hours, the
session will start immediately and run for 1 5minutes.

2.3.4 Entering Antenna Information During a Survey

You can enter or correct the antenna information at any time while a
survey is running:

2-26
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1.

Presdl OG|[DATA] to display theSURVEY screen:

SR

JEYE

{EHD SURVEY

2.

SelectCHANGES The receiver displays this screen:

SUREUEY CHHEMEGES:

AHTEHHA HEIGHT
FILE HAME

3.

SelectANTENNA HEIGHT. The receiver displays this screen:

HiH

HiH

MEHS=

HETGHT UMITE

i
i
i . "
i I~ |
i
i

SERIMAL:

How t

Enter values as explained in the section Running a Preplanned
Survey.

When you leave this screen, the receiver returns to the
SURVEY CHANGESscreen. You may pref& EAR] to move
back up the screen hierarchy, or pf€$4TUS] to display the
main Statusscreen.

o Enter Field Notes or Event Marks During a Survey

You can enter field notes and event marks at any time during a survey,
as explained in the section Entering Supplementary Data in Appendix

A.
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How to End a Preplanned Survey

A preplanned session normally ends when its scheduled duration has
passed. If necessary, though, you can end a preplanned session at any
time. Follow the procedure for ending a quickstart session, described
in the section How to End a Quickstart Session.

Using the Auto-Survey Timer

The auto-survey timer lets you schedule one or more preplanned
static surveying sessions that were defined to start at a specified time.
In addition, this feature makes the receiver “go to sleep” until the first
session is scheduled to begin. While the receiver is asleep it appears
to be turned off, except that ti&MER light flashes several times a
minute.

Five minutes before the scheduled start of the first session, the
receiver wakes up and begins to acquire SVs. It then starts the session
automatically. The receiver may stay awake or go back to sleep
between sessions, depending on its parameter settings. After running
the last scheduled session, the receiver turns itself off.

The auto-survey timer is useful for unattended base station operation.
You can use it to schedule a series of data logging sessions to
coincide with times when you are conducting surveys with a rover.

By not logging data between sessions, you conserve the base station's
memory and increase its effective data logging capacity.

The auto-survey timer also conserves battery power, since battery
drain is very low when the receiver is asleep. A fully charged
camcorder battery can power a receiver for about 3 .5hours when it is
awake, or for more than a week when it is asleep. In fact, you can
safely replace a battery while the receiver is asleep without bothering
to attach the new one before you remove the old one.
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When Scheduled Sessions Are Run

When you enable the auto-survey timer, you scheallibessions

that have been defined to start“Any Day at Specified Time” or “Once
at Specified Date and Time.”You cannot select some defined
sessions and pass over others.

Sessions defined to start“Any Day at Specified Time” will be run
every dayat the specified time until the auto-survey timer is canceled.
Sessions defined to start “Once at Specified Date and Time” will run
once, the same as if started WFART PREPLANNED

If a session's scheduled start time is past when you enable the auto-
survey timer, but the session's scheduled duration has not expired, the
receiver starts the session immediately and runs it until it would have
ended if started on schedule. For example, if a session is scheduled to
start at 1500 hours and run for one hour, and you enable the auto-
survey timer at 1545 hours, the session will start immediately and run
for 15 minutes.

When you use the auto-survey timer, take care not to schedule
overlapping sessions. Since only one session can run at a time, the
later session will not start until the earlier one ends.

How to Enable the Auto-Survey Timer
To schedule preplanned sessions with the auto-survey timer:

1. Define one or more sessions that are scheduled to begin at
specified dates and times.

2. From theLog Datamenu, seledENABLE AUTO-SURVEY
TIMER. The receiver displays this screen:
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The first line shows whether the auto-survey timer is on or off.
The other lines show the number of “Any Day at Specified
Time” and “Once at Specified Date and Time” sessions that
will be scheduled.

Press th&NABLE softkey to display this screen:

EMABLE i

Press one of thENABLE... softkeySENABLE & SLEE ...

makes the receiver go back to sleep after each sEMABLE

& STAY AWAKE ... makes it stay awake after waking up for the
first survey.

The keypad'SIMER indicator lights, showing that the auto-
survey timer is enabled but the receiver is not yet asleep. The
receiver displays this screen:

This screen lets you change the antenna height and serial
number. If you do so, the change will apply to all of the
sessions being scheduled. When you have the values, press the
ACCEPT softkey. The receiver displays this screen:

HUTU—SUREVEY  MUDE ERHELELD

HMTIL: TUE F1-JAM-35 1%

i LHMLEL

IH 3@
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The last line shows the date and time when the receiver will
wake up for the first scheduled survey. WhenGiBNG TO
SLEE ... line counts down to zero, the receiver goes to sleep.

Note — If you end a survey manually (with the survey status screen's
END SURVEY softkey) while the auto-survey timer is enabled, the
receiver will cancel any scheduled surveys that are still waiting to run.

How to Cancel the Auto-Survey Timer

You may cancel the auto-survey timer at any time. Canceling
the auto-survey timer terminates the current surveying session
(if any) and deschedules all scheduled sessions.

If the receiver is awake:You can use most functiomgthout
canceling the auto-survey timer. For example, you can
download logged data and delete old data files. In this respect,
running a session with the auto-survey timer is just like
running a session manually, except that the receiver logs data
only when a scheduled session is actually running.

If you must cancel the auto-survey timer:
Presdl OG|[DATA]. TheLog Datamenu will appear.

2. From theLog Datamenu, press thEND SURVEY softkey.
(See the section How To End A Quickstart Session for more
detailed instructions.)

If the receiver is asleep:
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1. Press thOWER] key to wake the receiver up. It will perform
its power-up tests, then display this screen:

2. To prevent the receiver from going back to sleep, press the
CANCEL softkey within the 30 second countdown period.

3. The receiver displays th@g Datamenu. Because one or
more surveys are scheduled to be run, the receiver is in data
logging mode, and theog Datamenu looks like this:

SRLIEY VSRR THPUT
i L HHMISE 5
i
i

{EHD SURVEY

SelectEND SURVEYto terminate the current survey and cancel
the auto-survey timer.

2.3.6 Performing Other Operations During a Static Survey

Most of the receiver's functions work the same way while it is
conducting a static survey as they do while it is not logging data at
all. There are a few exceptions; when the receiver is conducting a
static survey:
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« The mainStatusscreen has a different format.

il
S HE

™
LHTE

MORE

The first line shows the data file name and the number of hours
and minutes the survey has been under way.

The status screen shows whether data logging is in progress or
not. Pres$STATUS] and look at the screen's first line. If it

shows a file name and the “Logging For” time, data is being
logged. If it says something else, such as “Positidgking-SV
Select,” data is not being logged.

»  Thel[ OG|DATA] screen displays a menu that lets you end the
session or modify certain parameters, instead of the standard
Log Datamenu. The menu appears on this screen:

T = T
e | Fiert B Nt I
e b §F L L

*  TheControlmenu'scOGGEDDATA FILES item is locked out
to protect files from accidental change, and[gB8SIONS] key
is locked out.

The usefulness of logged data may be impaired if you change most
Control parameters during a survey. It is safe to change only the
following Control parameters:

* The antenna information parameters: antenna height,
measurement type, antenna type, and antenna serial number.
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»  Elevation mask, PDOP mask, sync time, and SV Enable/
Disable,but only if corresponding changes are made on all
receivers at the same tinéhanging these parameters can help
you save a survey that would otherwise be spoiled; it is not
recommended as a normal procedure.

2.4 Static Surveying and DGPS at the Same Time

2-34

On receivers that have the RTCM-104 Input Option or the
RTCM-104 Output Option, it is possible to use differential GPS
(DGPS) and run a static survey simultaneously.

DGPS is discussed in Chapter 5. This section discusses issues that
arise when DGPS and static surveying are done simultaneously.

Reference positionIf you selecteddUTOMATIC for the survey
reference position, the survey uses the positioning parameters'
reference position. If the positioning reference position is not defined,
it takes a position fix in autonomous mode.

Elevation mask.If a receiver functions as a DGPS base station while
running a static survey, it uses the static survey elevation mask for
positioning (and DGPS). The positioning elevation mask is ignored
for the duration of the surveying session. A rover uses the positioning
mask for DGPS, and the static survey mask for the survey.

Sync time. If either the positioning sync time or the static survey

sync time is a decimal fraction, the static survey sync time is used for
positioning. The positioning sync time parameter is actually set equal
to the current value of the static survey sync time; it is not changed
back at the end of the surveying session, and you cannot change it to
a fractional value during the session.
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FastStatic surveying requires simultaneous observations of at least
four satellites. Data collection time is typically 5 t o 40minutes for
dual frequency receivers or 20 to 30 minutes for single frequenc
receivers, depending on atmospheric conditions and the number of
satellites available.

FastStatic surveying yields baseline components that are precise to
better than £1 cm + 1 ppm. Because of the relatively short
observation time, a single rover can be used to make observations at
several unknown marks in the course of a survey. The procedure is
limited to operations with baselines of about 20 k m or less, and it is
more sensitive to cycleslips and high PDOP than static surveying is.

The FastStatic surveying procedure is very similar to the kinematic
procedure, and if you have done kinematic surveying with Trimble
equipment, you will probably need only a few minutes of instruction
to master FastStatic surveying. As in kinematic surveying, one
receiver generally remains stationary throughout a survey, while one
or more rovers collect data at several survey marks in turn. The
START andMOVE softkeys are similar in operation to the kinematic
procedure'STATIC andROVE softkeys.

A Field Guidebook for Dynamic Surveyipgpvides another
description of FastStatic surveying procedures, with emphasis on
survey design and planning. A full citation is given in the
bibliography of theSeries 4000 Receiver Reference.
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Figure 3-1 diagrams the FastStatic surveying procedure for a rover.
The procedure for a base station is the same except that the receiver
stays at the same mark throughout a survey.

3.1 Required Equipment and Software

A FastStatic survey requires at least two dual-frequency receivers,
each equipped with a dual-frequency antenna, tripod, and tribrach.

The preferred antenna is the Compact L1/L2 Antenna with
groundplane. This antenna may be used without the groundplane
where multipath errors are not a problem. You may also use the L1/
L2 Geodetic Antenna, a predecessor of the Compact L1/L2 Antenna,
or the Permanent Reference Station L1/L2 Geodetic Antenna.

FastStatic survey results are postprocessed with GPSurvey (a
Microsoft Windows application).

3.2 Setting Up the Equipment

3-2

Base stations and roversyou must set up one or more base stations
(also calledeference receivejsat reference marks whose WGS-84
or NAD-83 coordinates are known with sufficient accuracy for your
purposes.

You must set up one or more rovers (survey receivers) at surve
marks whose coordinates are to be determined. These receivers are
called rovers, or survey receivers.

The hardware and setup procedures for base stations and rovers are
the same.
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Press
[ OGIDATA] key

Log Data menu

SETUP SURVEY CONTROLS START FAST STATIC OR
KINEMATIC SURVEY

FastStatic or

Modify Controls
menu ! ;
Kinematic menu

FAST STATIC CONTROLS

START FAST STATIC SURVEY

Y <
FAST STATIC
CONTROLS

FAST STATIC: MOVE TO MARK END SURVEY
"PRESS START AT NEW MARK"

Move to
first/next mark

. Center & level
FastStatic antenna
menu
DATA BAD
CHANGES DATA OK
INPUT/CHNGS REOBSERVE MARK
N
FAST STATIC: COLLECTING DATA ABORT SINGLE
Surve% Changes TIME REMAINING: mm:ss @; OCCUPATION
LANTENNA HEIGHT \ _wABORT
A
ANTENNA HEIGHT, FAST STATIC: COLLECTING DATA
ete. "PRESS MOVE BEFORE MOVING"
MOVE
END SURVEY
Y
STOP THE
Notes NO |CURRENT SURVEY?
Diagram describes procedure for the roving YES
receiver. Procedure for the static receiver is A
the same except that the receiver occupies ai
ain
the same mark throughout the survey. Status sereen

Figure 3-1. FastStatic Survey Procedure (Rover)
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To set up a receiver:
1. Setup an antenna on a tripod; center and level the antenna and

measure its height. The correct procedure is described in the
section Using and Caring for an Antenna in Appendix A.

2. Turn the receiver on. Wait for it to complete its self-test and
display theLog Datamenu, which will look something like
this:

OUICK-START HOW! (EINGLE SURUEY: --
STHET HkR FlHEHMHE L
STHETD FH=T STHTPLIL U R IMEMET L SlEEY ——

MORE

If the receiver displays a screen similar to the one below, the
last survey performed was never completed. See the section
Restarting a Session After a Power Failure in Appendix A.
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3.2.1 Setting the Operating Parameters

1.

To ensure that the receiver performs the survey in a known,
correct state, set the power-up parameters to their default
values. SeleddEFAULT CONTROLSfrom theControl menu to
display this screen:

IMITIALIE

SETHiMGDD HRHLE BEED

E ALL COMTEOLS
START REP

ARE YO SURE 7

2.

Press therES softkey and wait for the receiver to reset itself.

SeleciSETUP SURVEY CONTROL$rom theLog Datamenu.
The receiver displays this screen:

3.

SelectMODIFY FAST STATIC CONTROLS The receiver
displays this screen:

FHzT SiTHTLIL SUREVEY BELWV FMHGSE

4 5
2
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4. Setthe parameters. The values shown in the screen above are
appropriate for most applications using dual frequency
receivers. Single frequency receiver times will be longer.

- The first line shows the elevation mask for FastStatic
surveys.

- The second and third lines show minimum observation
times for four, five, and six or moewailable satellites. For
example, the screen above shows a minimum observation
time of 20 minutes for four satellites, 15 minutes for fiv
satellites, and 8 minutes for six or more satellites. For more
information about minimum observation times, see below

- The fourth line shows the sync time (the interval at which
the receiver will log measurement data).

To set the recommended values, presOBEAULT softkey,
then prese.CCEPT The receiver returns to theg Data
menu.

Minimum observation times. To complete an observation, the rover
must collect data from the required number of satetlib@sinuously

for the minimum time specified by its parameters. If its observation
of any satellite is interrupted, it must ignore the measurements taken
from that satellite and fall back to a longer observation time with a
smaller number of satellites. If that is impossible, it must restart the
observation period at the beginning. (This assumes that the base
station is set up in a good location and does not suffer cycleslips.
Cycleslips on the base station can also invalidate your observations if
they reduce the number of satellites tracked below the minimum
required for a survey, but you will not know about it until you
postprocess the data.)

You can disable one or more of the minimum observation times (but
not all three) by entering a value of 00. The receiver replaces “00”
with “-- - -" in the display
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The receiver will not use a number of satellites whose observation
time has been disabled. For example, if the observation time for fiv
satellites were set to 00 in the screen shown above, the receiver would
use only four satellites (with a minimum observation time of 20
minutes) unless six or more were available.

Apart from setting a minimum observation time to zero, you may not
set a shorter time for 5 S Vs than for 4 S Vs, or a shorter time for

6 SVs than for 5 SVs. If you violate this rule, the receiver will place
the cursor in the offending field and require you to change the value.

If you set all three observation times to 00, the receiver will reset all
three to their default values.

Importance of Simultaneous Observations

Because the FastStatic surveying procedure is intended for control
surveying, where precision is essential, it is customary to make
simultaneous observations with all of the receivers used in a given
survey. This enables the postprocessing software to compute a
baseline between every pair of receivers, not just between the base
station and each rover. The additional baselines may then be cross-
checked for consistency, increasing the precision and reliability of the
results. This type of survey is calledetworksurvey, as opposed to a
radial-arm survey in which baselines are computed only between
each rover and the base station.

3.2.2 Performing a FastStatic Survey
To run a FastStatic survey on a rover (a surveying receiver) you must:

1. Press thé OG[DATA] key; then sele@TART FAST STATIC OR
KINEMATIC SURVEY, then selecSTART FAST STATIC
SURVEY. This displays the main FastStatic screen.

Go to the first (or next) mark and set up the antenna.

Press th&TART softkey to start an observation.
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4. During the observation, enter the mark ID and antenna
parameters. You may also enter field notes and event marks,
and check the receiver's status.

5.  Wait until the receiver shows that it has collected sufficient
data.

6. If the survey is not complete, end the observation by pressing
the MOVE softkey; return to step 2 to survey the next mark.

7. Ifthe survey is complete, press D SURVEY softkey. This
ends the FastStatic surveying procedure.

The procedure for a base station receiver is the same, except that the
receiver “surveys” only one mark. In other words, you omit s teps4
through 7.

Step 1: Display the Main FastStatic Screen

1. Press thé OG|DATA] key. The receiver displays theg Data
menu. The menu looks like one of these examples, depending
on whether the receiver has the Kinematic Functions Option or

not:

QUICK-START HOW!
STHET Fi FlHMHHE L

STHRET FRET STATIC OF EIMEMATIC S

GHITCR

o HE

STHRT MO
FLHMAMEL

SIHET PRI

SelectSTART FAST STATIC. ..
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2. Ifthe receiver has the Kinematic Functions Optibmlisplays
this menu:

SelectSTART FAST STATIC SURVEY

3. The receiver displays the FastStatic survey screen:

e kT T
B B e e foBaf OB R m BFEE EE PP
LI = | Lo I I B L VR BE o fame

LIE=E 8 hodoem g
Bl b= B5f FRELEbn b
[ S LR B o | 0N O

The first line shows the survey's current status: ready to mov
to a mark.

The fourth line displays a scrolling message that tells you what
to do next.

About the scrolling messageThe scrolling message is intended to
catch your eye and give you important information about what to do
next. When a scrolling message is displayed, you can restart it at any
point by pressindCl EAR].

Antenna not required. The antenna need not be set up, or even
connected to the receiver, when this step is performed. It is helpful to
set up the antenna at the beginning of the procedure, though, so that
the receiver can get a position fix before you start the survey.

Step 2: Set Up the Antenna

Go to the first (or next) mark, if necessary, and set up the antenna.
Center and level the antenna and measure its height. The correct
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procedure is described in the section Using and Caring for an
Antenna in Appendix A.

Step 3: Start an Observation

Press th&sTART softkey to start the observation. The antenna must
remain stationary from this point to the end of the observation.

The receiver displays this screen:

e kT Smomp § pmomeme op p fom. puomoep omo |
B B e e foBaf OB R m §BEE P =i P OF Feilm §REaE B B
LI = | Lo I I B L VR QUL BEY WY W S SR A Lt R Yo o I e

Wait for data at first mark. At the first mark only, the receiver must
initialize certain data logging functions before it starts the
observation. While that is happening, the first line of the screen
briefly sayswWAIT FOR DATA, then it changes tOOLLECTINGDATA.

Time remaining may increase or decreasd.he observation time
remaining, displayed on the last line, is a prediction based on the
settings of the FastStatic data logging parameters and the current
observation conditions. It may increase or decrease during the
observation if conditions change. In any case, you can be sure that the
receiver has collected enough data for a valid observation when the
time remaining reaches zero.

Too few satellites to continue observationf the number of
satellites required by the data logging parameters is not available, the
receiver displays this screen:

e kT Smomp § pmomeme op p fom. puomoep omo |
B B e e foBaf OB R m §BEE P =i P OF Feilm §REaE B B
LI = | Lo I I B L VR QUL BEY WY W S SR A Lt R Yo o I e
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This example shows that the data logging parameters require five
satellites to conduct an observation, and only four are available.

If this happens you may wait for the required number of satellites to
become available again, or you may abort the observation. If you
abort the observation you may change the data logging parameters to
reduce the required number of satellites, then restart the observation.

Step 4: Enter Mark ID and Antenna Parameters

Before the end of the observation you must enter the mark's ID and
the antenna parameter values.You may also enter field notes and
event marks, and you may check the receiver's status.You may do
these things at any time during the observation, and in any order.

To enter the mark ID. During the observation, the cursor is in the
MARK ID field. To enter the mark ID, fill in the first four characters.

The mark ID is eight characters long. The first four characters
customarily are filled with an alphanumeric code that uniquely
identifies each mark for a given survey. The receiver fills the rest of
the field with a sequence number that starts at 1 and increases by 1 for
each additional observation at the same mark. You can change the
mark ID manually if necessary.

Note — You may enter the mark ID as soon as the main FastStatic
screen appears. During the first observation you need not wait until
WAIT FOR DATA is replaced by COLLECTING DAT .

To enter the antenna parameterskollow the procedure described
in the section Entering Antenna Parameters in Appendix A.

To enter field notes or event marksField notes are alphanumeric
notes associated with a survey. Event marks are alphanumeric notes
associated with a specific time in a survey. Both are available as
descriptive information in postprocessing programs. The procedures
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for entering both types of data are described in the section Entering
Supplementary Data in Appendix A.

Step 5: Wait While the Receiver Collects Data

When the time-remaining counter on the last line of the status display
reaches zero, the receiver displaysMi@/E softkey, beeps, and
displays the scrolling messageRESS MOVE BEFORE MOVING

s mepr e g pom, o moemom |
= § P OF Feilm §REaE B B
L R L% R ol o B

This shows that the receiver has collected enough data for a valid
observation.

Additional observation time improves results.If you allow the
receiver to continue collecting data after lM@VE softkey appears,

the additional data will allow the postprocessing program to produce
a more accurate result by averaging out multi-path interference.
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Too few satellites to continue observationf the number of

available satellites drops below 2 (the minimum required to form a
double-difference) after the receiver has collected sufficient data for a
valid observation, this screen appears:

pe g geme g e e
B Bl §REaE B B
Bemef 8 8 { %o o O |

You may end the observation or wait for the number of available
satellites to increase.

Step 6: End the Observation

Survey not complete.To end the observation, press theVE

softkey. Wait for the scrolling messaBBESS STARTAT NEW

MARK to appear, then move your equipment to the next mark. Return
to the section Step 2: Set Up the Antenna.

Survey complete.To end the observation and the survey, press the
END SURVEY key. The receiver displays this screen:

STOF THE CURREMT SUREUEY?

PressyES to end the survey and return to ttegy Datamenu.

Note — You must press MOVE or END SURVEY before moving or
disconnecting the antenna. If you neglect this step, the observation's
data will be corrupted.
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You may also press tHEND SURVE softkey when the receiver is in
Movemode (waiting to be moved to a new mark). Eh® SURVEY
softkey is available in both modes.

3.2.3 Aborting an Observation

You can abort an observation at any time, before or after the receiver
has collected sufficient data. This is most often useful when you
accidentally presSTART before the antenna is centered and leveled,
or the antenna is disturbed during an observation.

To abort an observation, press #&BORT softkey:

e e e e e e om b § g omLeme op @ fom. pu oo omo |
e foBaf OB R m §BEE P =i P OF Feilm §REaE B B
Lo I I B L VR QUL BEY WY W S SR A Lt R Yo o I e

The receiver displays this screen:

P T L Bom 1 B e el gpe e om e
ome § o Eiiegd B PEE P E = had £ D
Lo R | | G neip WL Y L I Ly |

Press one of the softkeys:

DATA BAD flags the data as suspect and increments the mark
ID. This is the appropriate choice if the antenna must be moved
(or has been disturbed).

DATA OK flags the data as possibly processable and increments
the mark ID. This is an appropriate choice only if M@VE

softkey has not yet appearaddthe antenna has not been
moved.
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* REOBSERVE MARKIs equivalent t®ATA BAD, but does not
increment the mark ID. If you accidentally pré&&SOBSERVE
MARK instead oDATA BAD, you should increment the mark
ID manually.

«  CANCEL ABORT redisplays the main FastStatic screen and
allows the observation to continue undisturbed.

An observation is also aborted if you pressBR® SURVEY softkey
before sufficient data is collected for a valid observation (before the
MOVE softkey has appeared). This is equivalent to pre g

OK, except that it ends the survey as well as aborting the observation.

3.2.4 Displaying Satellite Tracking Information

To display satellite tracking information during an observation, press
theINPUT/CHNGSsoftkey to display this screen:

Press th&sTATUS softkey to display this screen:

COMTIHUOUS TRACKING TIMES: :
[4] : i
REGUIRE: ._i_. 15:@0

FCURREEMNT

| RETURH

* Line 2 shows numbers of satellites. The ‘6’ column actually
represents “six or more.”
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* Line 3 shows the minimum measurement times required for
four, five, and six or more satellites by the FastStatic data
logging parameters. (See the section Setting the Operating
Parameters.)

If any of the minimum measurement times was entered as 0:00,
disabling the corresponding minimum observation time, the
number on line 2 is in brackets, and the value on line3 is
displayedas ‘__:_’

* Line 4 shows the durations of the best (longest) continuous
measurement times. If any of the values on | ine4 is greater
than the corresponding value on line 3 M¥E softkey is
available on the main FastStatic screen.

To display current continuous measurement timesto make line 3
show the durations of the current continuous measurement times,
press theCURRENT softkey:

This screen shows that the current continuous measurement time for
four satellites is the best time, at 1 Ominutes, 1 6seconds. A fifth
satellite's availability has been interrupted; the current measurement
time is 5:54, while an earlier continuous measurement period lasted
10:16. The current measurement time for six satellites is zero,
indicating that six satellites are not currently available.

Press th@EQUIRE softkey to redisplay the minimum required
measurement times.

To leave the status screerRress th&ETURN softkey to redisplay
the main FastStatic screen.
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3.2.5 Creating a Log Data File for Each Observation

As described above, the FastStatic surveying procedure creates one
data file for the entire survey. This approach is customary because it
simplifies the task of file management.

It is also possible to create a separate file for each survey mark;
simply perform a separate survey for each observation. The receiver
will create a separate file for each survey.

3.2.6 Turning Power Off Between Marks

In general it is undesirable to turn the receiver off between
observations. If you do so the receiver will create a new data file each
time it is restarted, and you will have to keep track of all of the data
files and combine them for postprocessing. You also will have to wait
for the receiver's startup procedure each time you turn it on.

Since the only “cost” of leaving the power on is that it shortens the
effective life of a battery charge, it is simpler to just carry some extra
batteries.

If you must turn the receiver off between observations, you should
end a survey before turning it off and start a new survey when you
turn it back on. You will probably want to combine the resulting log
files after downloading them, so that the postprocessing program can
treat them all as parts of a single survey.

Since it is possible to resume a survey after a power failure, it is
theoretically possible to turn the power off between marks by
pressing theMOVE softkey, then powering off. The receiver will
restart in theviovemode when powered on. This technique is not
recommended, though, because it does not store a header at the
beginning of the new file. In any case, it still produces multiple data
files.
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There are three types of kinematic surveying: stop-and-go,
continuous, and leapfrog.

Stop-and-g&kinematic surveying is very similar to FastStatic
surveying. It requires only a brief observation (typically one to two
minutes) at each survey mark. It uses the L1 carrier and L1 C/A code
instead of FastStatic's P-code on the L1 and L2 channels.

Continuouskinematic surveying does not require the rover to stop at
discrete marks; it simply makes an observation every epoch, even if
the rover is moving. It is useful for certain aerial and marine
surveying applications, and for non-surveying applications such as
monitoring the path of a vehicle. Its has essentially the same
precision as stop-and-go kinematic surveying, but is more susceptible
to multi-path interference.

Note that the differences between stop-and-go and continuous
kinematic surveying are all in field procedure and postprocessing; the
firmware options used are the same in both. The data that a stop-and-
go kinematic survey collects between survey marks may be used like
the data collected in a continuous kinematic survey. You may view a
continuous kinematic survey as a stop-and-go kinematiesu

without stops.

Leapfrogkinematic surveying is similar to stop-and-go surveying, but
lets the base station and rover trade roles during the survey. That is, at
some point the rover assumes the function of a base station; the
original base station can then become a rover. Leapfrog surveying can
extend the range of a kinematic survey beyond its basic 15kin lim
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but requires very careful coordination to ensure that both stations
never move at the same time. Leapfrog surveying is discusged in
Field Guidebook for Dynamic Surveying.

All types of kinematic surveying are precisetot2cm+ 2 p pm. Like
the FastStatic procedure, they are sensitive to loss of lock on the
satellites throughout the survey. They are also sensitive to high PDOP
conditions and multipath interference, either of which can interrupt a
survey if they affect a receiver even briefly.

You can do stop-and-go and continuous kinematic surveying at the
same time simply by making the postprocessor compute baselines
from the data logged while moving between survey stations as well as
the data logged while observing the stations. This approach is useful
for creating profiles or contour maps.

The following sections discuss the kinematic surveying procedure in
this order:

1. Planning for a kinematic survey.

Equipment and software required.

Using a data collector for kinematic surveying.
How to set the data logging parameters.

How to initialize a kinematic survey.

How to perform a stop-and-go kinematic survey.
How to perform a continuous kinematic survey.

How to end a kinematic survey of either type.

© © N o g A~ w D

Other aspects of kinematic surveying, such as how to abort a
suspect observation and how to recover from loss of lock on
satellites.
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Figure 4-1.
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4.1 Planning for a Kinematic Survey

41.1

4.1.2

Planning for a kinematic survey is particularly important because the
procedure is so sensitive to loss of lock.

For suggestions on how to establish reference marks and survey
marks to minimize loss-of-lock problems, see the section Site
Preparation and Planning in Appendix A. The ideas in that section
will also help you set up and operate the surveying equipment once
the marks have been chosen.

Reference Marks

To prepare for a kinematic survey you must establish a network of
reference marks, also known as control marks. Each base station will
occupy a reference mark; other reference marks may be needed to
initialize rovers, and to reinitialize them if they lose satellite lock.

The coordinates of each reference mark must be known in relativ
WGS-84 coordinates before the kinematic survey data is
postprocessed. The precision of the reference mark coordinates must
be at least as great as the precision required of the survey results. The
minimum precision required for a successful survey is £1 Ometers.

If you are initializing by occupying a fixed baseline, you must know
the baseline (the difference between the reference marks at the end of
the baseline) to a precision of £5c¢m

In principle the reference mark coordinates may be deterraited
the kinematic survey, but this is generally unwise: if an unexpected
problem prevents you from determining the reference marks'
WGS-84 coordinates, the entire survey will have to be repeated.

Number of Receiver

You can perform a kinematic survey with just one base station and
one rover. You can increase surveying efficiency by adatiyg
number of additional rovers.
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You also can use additional base stations. This has several potential
advantages: avoiding the problems associated with a radial-arm
survey, widening the area the survey can cover, guarding against loss
of lock on the base station, and collecting additional data that can be
used to cross-check the survey results. The section Using Multiple
Base Stations discusses procedures for working with multiple base
stations; you should read it before planning such a suvEleld
Guidebook for Dynamic Surveyimtiscusses this matter in more

detail.

Satellite Availability

The kinematic surveying procedure requires at least four trackable
satellites; you can set the kinematic data logging parameters to
require more.

Perform the survey during a period when at least five satellites
(ideally more) will be available at all times. This will give you some
protection against poor satellite geometry and against survey
interruptions caused by a momentary loss of lock on one satellite.

Assigning Point IDs

You must identify each reference mark with a unique eight-character
point ID. (The kinematic procedure traditionally uses the tpomnt
instead ofmark)

In a stop-and-go survey, each survey mark must have a unique point
ID as well. Continuous kinematic surveys, by their nature, do not use
survey marks.
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Devise a procedure to ensure that each mark used in a survey has a
unigue point ID, and that each point is identified bysto@epoint ID
every time it is occupied in a given survey. Make sure that the
operators will have no trouble determining which point ID represents
which mark. The most reliable approach is to assign an ID to each
mark when planning the survey, and label each mark with its ID when
the mark is staked out.

If survey marks are to be chosen and staked during the survey, the
roving operators must understand how to assign unique point IDs and
record them clearly. Field notes are a convenient tool for this purpose.
If the rover is equipped with a Survey Controller or Seismic
Controller, data entry will be easier and feature codes can be used as
well.

4.2 Equipment and Software Require
For each base station you must have:
* Areceiver with the Kinematic Functions Option.

* An appropriate power source. Carry enough batteries to last
through the survey at the rate of 9hours p er 6AH battery,
15 hours per 10 AH battery, or 2 hours per fully charged
camcorder battery.

« An antenna and a 3-meter antenna cable.

The preferred antenna is the Compact Dome Antenna. You
may also use the Compact L1 Antenna with groundplane, the
Compact L1/L2 Antenna with groundplane, the L1 Geodetic
Antenna, or the L1/L2 Geodetic Antenna.

«  Two tripods, each with tribrach and optical plummet, and one
guick-release bayonet.
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For each rover you must have:
» A receiver with the Kinematic Functions Option.

* An appropriate portable power source. Trimble recommends a
dual or quad battery input cable and enough camcorder
batteries to last through the survey at the rate of ab out 2hours
per fully charged battery.

* An antenna and a 3-meter antenna cable. The same antennas
are appropriate for a rover as for a base station, although the
geodetic antennas' groundplanes may make them awkward to
handle. The Compact L1/L2 Antenna may be used without its
groundplane.

Note that if you will initialize the survey by swapping
antennas, the base station and rover antennas must be the same

type.
* Arangepole with quick-release adapter and bayonet. A bipod

or tripod support (optional, but strongly recommended) will
help to stabilize the rangepole during observations.

* A backpack.

» A Seismic Controller or Survey Controller (optional but
strongly recommended; see below). The rangepole's data
collector bracket may be used to mount this device on the
upper part of the rangepole.

The recommended software package for postprocessing kinematic
survey results iSRIMVEC Plus.

4-8 Series 4000 Application Guide




4 Kinematic Surveying

4.3 Notes on Using a Survey Controller or Seismic
Controller

The Survey Controller and Seismic Controller are handheld devices
designed to control a roving receiver. They use the same hardware but
different firmware. A Survey Controller or Seismic Controller is
optional equipment for kinematic surveying, but its use is strongly
recommended.

The procedures for conducting a kinematic survey with and without a
controller are quite different in detail, although they are based on the
same principles. The procedure for using a receiver alone is described
here; the procedure for using a receiver with a controller is described
in theSurvey Controller Operation Manual.

The procedure for the base station is the same (as described here)
whether the roving receiver is used with a controller or not.

4.4 Setting Parameters

There are two sets of parameters whose values are critical to the
success of a kinematic survey: #@SITIONING MODEparameters
on theControl menu, and the kinematic data logging parameters in
theLog Datamenu.
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4.4.1 General Parameter Settings

To ensure that the receiver performs the survey in a known, correct
state, set the power-up parameters to their default values. Select
DEFAULT CONTROLSfrom theControl menu to display this screen:

Az b kLT
RECEIUER

TRITIALIZE HLL COMTREOLS
SETTIMNGE HHD RESTHRET

ARE YO SURE 7

Press therES softkey and wait for the receiver to reset itself.

4.4.2 Positioning Mode Parameters

To set the positioning mode parameters to their standard values, press
the[CONTROL ] key, then sele®OSITIONING MODESfrom the
Control menu. The receiver displays this screen:

Set the parameters to the default values shown above.

Note — Setting these parameters to other values may impair the
validity of survey results.
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4.4.3 Kinematic Data Logging Parameters

These parameters control the way data is logged for a kinematic
survey.

The default data logging parameters (shown below) are appropriate
for most surveys, so you may not need to use this screen. If you need
to check or modify these parameter settings, though, you must do so
before you start a survey. All data logging parameters must be set to
the same values on all receivers used in a given survey.

To change the data logging parameters:

1. Press thé OG|DATA] key. The receiver displays theg Data
menu.

2. SelectSETUP SURVEY CONTROLSThe receiver displays this
screen:

3. SelectMODIFY KINEMATIC CONTROLS. The receiver
displays this screen:

4. Setthe parameters as appropriate.

The parameters and softkeys are the same as the ones in the
QUICKSTART CONTROLSscreen. See the section How to
Inspect or Modify the Quickstart Controls in Chapter 2.
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4.5

4-12

For kinematic surveys, the recommended elevation mask is
15%.

For stop-and-go surveys, set the sync time to a value between
1land 5seconds. Small values yield shorter occupation times,
but fill the receiver's memory faster. For continuous surveys, a
sync time of 1.0 or 0.5 s econd is usually appropriate. In
general, use a short sync time if the receiver is moving fast, and
a longer one if it is moving slowly.

MIN SVs should be set to a value greater than 4 if at all
possible, as the section Satellite Availability explains.

When you perform a kinematic survey on a 4000SE Land Surveyor,
remember to set tHRATA FORMAT parameter t€OMPACT.

Initializing a Kinematic Survey

There are two ways to initialize a kinematic survey:

By occupying a fixed baseline; that is, by positioning each
antenna on a reference mark. This is the preferred initialization
procedure, since it is faster and it does not require the rover to
be near the base station.

The procedure uses two reference marks. The coordinates of
the base station's reference mark must be known with sufficient
precision for the purposes of the survey. The baseline from the
rover's reference mark to the base station's mask must be
known with precision o f 5cm or better.

By swapping antennas. This method involves taking a
kinematic observation, then swapping the positions of the base
station and rover antennas and taking another observation, then
swapping the antenna positions again and taking a third
observation.
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45.1

This method is used mainly for very localized surveys. It
requires the two antennas to be at the same site. Itis an
expedient method when pre-surveyed reference points are not
available; you can set up the antennas in any convenient
positions, get on with the survey, and determine the base
station's antenna position later

The following sections describe each method.

How to Initialize by Occupying a Fixed Baseline

This initialization method requires two reference marks which are
accurate to +5 cm. There are no lower or upper limits on the
separation between the marks, although poor atmospheric conditions
sometimes make it impossible to initialize a survey (or conduct one)
at distances over 10 km. Because the reference marks do not have to
be near each other, this method is particularly useful for reinitializing
a survey in the field.

1. Setup atripod and tribrach over each reference mark and
mount an antenna on it. Use a quick-release adapter and
bayonet to mount the rover's antenna.

2. Connect each receiver to its antenna and power source, then
turn on both receivers. Level each tribrach, then attach the
antenna to the tribrach.

3. Atthe base station, press [HeG|[DATA] key to display théog
Data menu.

4. Dual-frequency receiver§heLog Datamenu looks like this:

o PHE

I

o EHE

Lk

FIMEMATIC
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SelectSTART FAST STATIC OR KINEMATIC SURVEY The
receiver displays this menu:

SelectSTART KINEMATIC SURVEY

Single-frequency receiver$helLog Datamenu looks like
this:

SelectSTART KINEMATIC SURVEY

The receiver displays the main kinematic survey screen:

e
H
i
I}
<
O

4-14

Enter the base station antenna'’s point ID.

Enter the base station's antenna height and other parameters as

explained in the section Entering Antenna Parameters in
Appendix A.

Repeat steps 3 through 8 on the rover, using the rover antenna's
point ID in ste p7 and the rover antenna's parameter values in

step 8.
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10. Allow the receivers to collect at least eight simultaneous
epochs of data. For best results, collect at least two minutes of
data.

11. On the rover, press tROVE softkey. Remove the rover's
antenna from the tripod and attach it to a rangepole equipped
with a quick-release bayon&o not turn off either receiver or
let it lose satellite lock at any time, or you will have to repeat
the initialization procedure.

You are now ready to perform the survey

4.5.2 How to Initialize by Swapping Antennas

This method requires one reference mark whose position is known
with the degree of precision required for the results of the survey.
Another mark, which we will call theecondary markshould be
established 3 to 5 meters (9 to 15 feet) away. The secondary mark
must be assigned a point ID, and its location should be staked so that
it can be reoccupied if necessary, but its coordinates need not be
known. The base station and rover(s) must use the same type of
antenna.

1. Setup one tripod over the reference mark and mount the base
station's antenna on it, using a quick-release adapter and
bayonet. Set up another tripod over the secondary mark and
mount the rover's antenna on it, also using a quick-release
adapter and bayonet.

Connect each receiver to its antenna and power source. Turn on
both receivers. Level the antennas.

2. On the base station receiver, pressltD6({[DATA] key to
display theLog Datamenu.
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3.

Dual-frequency receiverdhelLog Datamenu looks like this:

o EHE

QUICK-START HOW!
Hi= _HH AL

FRET STATIC OF

FEIMEMATIC SURUEY —-

SelectSTART FAST STATIC OR KINEMATIC SURVEY The
receiver displays this menu:

START FAST STATIC SURLEY —-
START  KIMEMATIC SURLEY —-

SelectSTART KINEMATIC SURVEY

Single-frequency receiver$helLog Datamenu looks like
this:

SelectSTART KINEMATIC SURVEY

The receiver displays the main kinematic survey screen:

—
H
i
I}
=
O
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10.

11.

12.

13.

14.

15.

Enter the point ID of the reference mark.

Enter the antenna parameters as explained in “Entering
Antenna Parameters” on p agel93.

Repeat steps 2 through 6 on the rover, entering the point ID of
the secondary mark in step 5, and the rover antenna'’s values in
step 6.

Allow the receivers to collect at least 20 simultaneous epochs.
Press th®OVE softkey on each receiver.

Dismount the receivers' antennas and swap them; that is,
mount the base station's antenna on the tripod over the
secondary mark, and the rover's antenna on the tripod over the
reference mark. Take care not to disturb the tripods, since each
antenna must occupy the exact position that the other one
occupied before the swapo not turn off either receiver or

allow it to lose satellite lock at any time.

Press th8TATIC softkey on each receiver. Enter the swapped
antennas' point IDs on both receivers: the secondary point's ID
on the base station receiver, and the reference mark's ID on the
rover.

Allow the receivers to collect at least 20 simultaneous epochs
or two minutes of data.

Repeat the procedure described in step s9 through 11 to swap
the antennas back to their original positions. Remember to
pressROVE before touching the antennas, &TATIC after
remounting them.

Allow the receivers to collect at least 20 simultaneous epochs
or two minutes of data.

Press theOVE softkey on the rovesnly. Remove the rover's
antenna from the tripod and attach it to a rangepole equipped
with a quick-release bayon&o not turn off either receiver or
let it lose satellite lock at any time, or you will have to repeat
the initialization procedure.
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You are now ready to perform the survey

4.6 Using Multiple Base Stations

4-18

You can conduct a kinematic survey with two or more base stations at
different sites. This approach has several advantages. It gives
protection against loss of lock on the base station; any misfortune that
affects one presumably will not affect the other. It also lets you
conduct a kinematic survey over an area wider than the 1 5km radius
that a single base station can serve.

Multiple base stations enable the postprocessor to detect a variety of
data collection problems, such as high PDOP and poor initialization
technique. Tomake this possible, though, you must occupy each
survey mark at least as many times as there are base stations, with at
least 1 5minutes between occupations. If there are two base stations,
for example, occupy each survey mark twice; if there are three,
occupy each survey mark three times. In this way you will collect a
set of independent observations sufficient to take full advantage of
the base stations you have set up.

The procedure for initializing a survey with multiple base stations is
straightforward: just repeat the basic initialization procedure for each
base station. If you have three rovers and two base stations, for
example, you must perform six initializations: one for each rover
paired with each base station.

The method of initializing a survey with a fixed baseline has the
advantage that you can initialize any number of base stations and
rovers at the same time. Simply set them all up at appropriate
reference marks and arrange to make all of them collect data
simultaneously. Remember that the baselines from the base station to
all of the rovers must be known.
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4.7 Performing a Stop-and-Go Kinematic Survey

This procedure assumes that the survey has been initialized. The base
station is collecting data at the reference mark; the roveRgwe
mode, and its antenna has been attached to a rangepole.

1. Move the rover to the first (next) mark to be surveyed.

2. Position the antenna over the mark. Set up the rangepole's
support so that you can let go of the rangepole while you
perform the next few steps.

3. Press th&TATIC softkey. TheSTATIC softkey disappears fro
the display, and the stat83ATIC WAIT appears on the first
line.

4. Enter this survey mark's eight-character point ID.

If the rover's consecutive survey marks are assigned
consecutive point IDs, you normally will have to enter an ID
only for the first mark; the receiver will increment the last four
characters of the ID each time you pressITTIC softkey.
Check the ID for each mark, though, to be sure that its point ID
is correct.

5. First survey mark onlyPress thé&NPUT/CHNGSsoftkey to
display this menu:

FIMEMATICE ;
VSRR THPUT
; CHAMGES

SelectCHANGES Set the antenna parameters as explained in
the section Entering Antenna Parameters in Appendix A.

This step is not necessary for subsequent marks unless the
antenna height has changed for some reason.
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6. Allow the rover to collect at least two epochs of data. When the
rover has collected sufficient data for a valid observation, the
first line's message changes fr8TATIC WAIT to STATIC, and
the ROVE softkey appears.

Note — Trimble strongly recommends collecting more data than the
two-epoch minimum. Collecting at least eight epochs of data may
improve the quality and reliability of the measurements.

7. SelecROVE.
8. If there are more marks to survey, return to step 1.

If there are no more marks to survey, end the survey as
described in the section Ending a Survey.

At all times, remember:

*  PressROVE before you move the antenna at the end of an
observation.

* Handle the antenna so as to avoid losing lock on the satellite
signals at any time. When handling the rangepole or antenna,
keep your hands below the antenna plane.

Other means of antenna supportlt is sometimes appropriate to use
an antenna support other than a rangepole.

In the most common case, the antenna is mounted on a pole fixed to a
vehicle such as a jeep. The surveying procedure is the same as
described above, except that you must ensure that the antenna is
vertical whenever a survey mark is being occupied.
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4.8 Performing a Continuous Kinematic Survey

This procedure assumes that the survey has been initialized. The base
station is collecting data at the reference mark; the roveRgwe
mode, and its antenna has been attached to the rangepole.

1. Press théeNPUT/CHNGSsoftkey to display this menu:

2. SeleciCHANGES Set the antenna parameters as explained in
the section Entering Antenna Parameters in Appendix A.

Give some thought at this point to the significance of “height.”
If you carry the rover's antenna about by hand, its height may
vary over a range greater than the precision of the survey. It is
better to mount the antenna on a pole attached to your
backpack (and maintain good posture consistently while
logging data). If you have attached the antenna to a vehicle,
measure its height to the ground. Be aware that operating the
vehicle on a slope will add some error to the results.

Now you may move the rover about as appropriate.

4. When the survey is complete, end it as described in the section
Ending a Survey, below.

At all times, remember:

« Keep the antenna support vertical if accurate heights and
positions are important.

« Handle the antenna at all times so as to avoid losing lock on the
satellite signals. When handling the antenna or support, keep
your hands below the antenna plane.
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4.9 Ending a Survey

This section describes the procedure for ending a kinematic survey,
either stop-and-go or continuous.

1. While not strictly necessary, it is good practice to reinitialize
the rover at the end of the survey. This ensures that you will
have at least two initializations to cross-check during
postprocessing, and gives an extra margin of protection against
loss of lock.

You may use any of the initialization methods described earlier
in this chapter, but initialization by occupying a fixed baseline
is usually the only practical method. The section Reinitializing
a Survey gives information about this matter.

2. To end the survey, press tBdD SURVEY softkey. The rover
displays this screen:

STOF THE CURREMT SUREUEY?

ML

PressyYESto end the survey.

3. Stop-and-go surveyf you have not entered antenna
parameters since starting the last observation (the usual case,
since the parameter values normally do not change), the
receiver displays thaANTENNAPARAMETERS screen. Just
pressACCEPT The receiver displays the matatusscreen.

4. Continuous surveyf you have not entered antenna
parameters, the receiver displays ANTENNA
PARAMETERSscreen. Enter the antenna parameters now and
pressACCEPT The receiver displays the madtatusscreen.

5. Return to the base station and repeat ste ps2 through 4 on the
base station receiver.
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If you are conducting a stop-and-go survey and you have followed the
published procedure conscientiously, you will bRaovemode when

you start the “end a survey” procedure. However, you may also end
the survey by pressing tB&ID SURVEY softkey while the receiver is

in Staticmode, without pressingOVE first. This simply ends the last
observation and the survey in a single step.

4.10 Reading the Main Kinematic Screen

During most parts of the kinematic surveying procedine screen
resembles this one:

The lines of the screen are:
1. Shows the kinematic surveying procedure's current status:
- ROVING: In Rovemode; the receiver is ready to move.

- STATIC WAIT: In Staticmode; the receiver is collecting
data.

- STATIC: In Staticmode; the receiver is collecting data, but
has collected enough to ensure a valid observation. Press
the ROVE softkey to go tdRovemode before moving the
antenna.

2. The messageOT LOGGINGindicates that the receiver is
acquiring satellites and calibrating itself. This process requires
a few seconds at the beginning of each survey.

For the rest of the survey, lin e2 shows the number of
observations that have been made and the number of satellites
being tracked.
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The point ID of the mark currently or most recently occupied.

4. The minimum number of satellites the receiver must track in
order to log data, and the number of epochs of data collected so
far in this observation.

If the receiver was unable to maintain its lock on the minimum
required number of satellites, this line shows the message
RETURN TO A PREVIOUS MARK

4.11 Aborting an Observation

You can abort an observation at any time. This is most often useful
when the antenna has been bumped, or was incorrectly positioned.

To abort an observation, press #BORT softkey. The receiver goes
to Rovemode. Reposition the antenna or do whatever else is neces-
sary, then press tH&TATIC key to restart the aborted observation.

4.12 Reinitializing a Survey

4-24

The kinematic surveying procedure is sensitive to loss of satellite
lock caused by cycleslips. A combination of cycleslips that leaves the
rover tracking fewer than four satellites will interrupt the survey and
abort any observation that is being made.

If the incident that interrupted the survey is liable to happen again,
you should take appropriate steps to avoid it. For example, if the
receiver lost satellite signals because you passed too near an
obstruction, choose another path that avoids that obstruction.

When loss of lock interrupts a survey the rover sounds a kinematic
alarm, displays the messa@ETURN TO A PREVIOUS MARK and
flashes theABORT softkey. You must then reinitialize the rover
before proceeding.
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There are essentially two ways to reinitialize the rover: by returning
to a survey mark you have already occupied, or by performing one of
the initialization procedures used to start a survey.

4.12.1 To Return to a Previous Survey Mark

This is the procedure for reinitializing by returning to a previous
survey mark. Note that you may returratty mark you observed
successfully in the current survey; it does not have to be the last mark
you surveyed before loss of lock.

1. Press thaBORT softkey.

2. Return to a mark that has already been successfully observed
in this survey (not necessarily the last mark observed).

3. Position the antenna and press3mATIC softkey.

Note that you must place the antenna in the same position as
when this survey mark was originally occupied, within £5 ¢ m.

4. Re-enter this survey mark's point ID and wait until at least one
minute passes and tROVE softkey appears. Be sure to enter
the point ID correctly; otherwise the postprocessing software
will not be able to process the reinitialization data.

5. Press th®OVE softkey and proceed with the survey

4.12.2 To Perform an Initialization Procedure

In principle, any of the three initialization procedures described in the
earlier sections may be used to reinitialize an interrupted survey. In
practice, initialization with a fixed baseline is usually the only
practical choice because it is the only method that does not require
the rover to return to the site of the base station.

Initialization with a fixed baseline does require the rover to go to a
reference mark. If no reference mark is nearby, you may choose to
create one on the spot by performing a control survey. This is very
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attractive option if your rover has FastStatic capability, letting you
survey a reference mark very accurately in  20minutes or less.

You need not interrupt your kinematic survey to conduct a FastStatic
observation. Simply set up the antenna, presSTA€IC softkey as if

you were performing a kinematic observation, and collect data for an
appropriate length of time. As a rule of thumb, you should observe a
minimum of:

* 8 minutes if you are confident of tracking six satellites for that
period,

e 15 minutes if you are confident of tracking five satellites, and
e 20 minutes if you are confident of tracking four satellites.

During periods of marginal PDOP or doubtful satellite availability, it
is prudent to run a conventional FastStatic survey and let the
FastStatic status screen tell you when the observation is complete.

4.12.3 Delaying Reinitialization

When a rover loses lock, you are not absolutely required to
reinitialize it immediately; you can continue surveying and
reinitialize the rover at some later point. In general this practioat is
recommendedyecause it poses the risk that you will lose lock again
before you reinitialize. You will then have to repeat whatever work
you have done since the first loss of lock.

There are special cases, though, in which delaying reinitialization is
reasonable. For example, you might lose lock before the last survey
mark in a survey; if your standard procedure calls for reinitializing at
the end of the survey in any case, there may be little to lose by
skipping an extra reinitialization before the last survey mark.
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4.12.4 Setting the Kinematic Alarm's Volume

The receiver beeps to warn you when high PDOP or loss of lock
interrupts a kinematic survey. This beep is call&thamatic alarm,
and you can control its volume from the receivit&lify menu.

To set the kinematic alarm's volume, selKEMATIC ALARM
from theModify menu. The receiver displays this screen:

KIMEMATIC ALARM UOLUFE: s U
FOOR FOOF ALARM [___  1-—=—== DO

LR

RETURM TO MARK ALARM [___  J--==-= DOWH

The volume of each type of alarm is indicated by the length of the bar
between the square brackdtshe alarm is turned off, the wo@FF
is displayed.

To adjust each alarm's volume, press the correspohufiagd
DOWN softkeys. To turn an alarm off, press B@WN softkey until
OFF appears.

PresqENTER] or [Cl EAR] to return to théModify menu

4.12.5 Loss of Lock at the Base Station

Loss of lock or high PDOP at the base station is the most common
cause of failure in kinematic surveys, because there is no way you can
know it has happened if the base station is unattended. Therefore, you
should plan the survey and set up the base station in such a way that
loss of lockcan notoccur.

If any incident occurs thahightmake the base station lose lock, find
out if it did by comparing the base station's number of continuous

measurements to its total measurement count. If you can't find out
whether the base station lost lock, assume it did.
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When the base station loses lock you must reinitighzgyrover,
even if none of the rovers indicate a need to do so.
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A differential GPS base station (also callegf@rence station

operates at a known location and generategectionswhich reflect

the current errors in measurement data received from the satellites
being tracked. These signals are fed through a radio modem to a
transmitter. Other GPS receivers at unknown locations (the rovers, or
differential stationycan acquire the corrections through a
communications receiver and use them to compensate for the errors
in the measurement data they receive. In this manner they can
compute corrected position fixes in real time.

Differential GPS (DGPS) compensates for the errors introduced by
SelectiveAvailability, and to some extent for errors caused by
atmospheric conditions. Its effective range is limited by the range of
the radio equipment used, and by the distance over which errors
observed at the base station will be meaningful at a rover. At its best,
DGPS yields positions that are precise to better th an £1meter RMS
horizontal and £1.6 m eters RMS vertical on receivers that use
Maxwell technology, and to +2--5me ters RMS horizontal and

+3--8 meters RMS vertical on receivers that do not. It can produce
useful results—with gradually decreasing precision and
consistency—at ranges of up to several hundred kilometers.

Series 4000 Application Guide 5-1




Differential GPS 5

Several variations are possible on the basic DGPS procedure:

* You can log measurements instead of (or in addition to)
transmitting corrections by radio. This will enable a
postprocessing program to compute corrected position fixes.
The postprocessing programs most often used with DGPS are
PostNav Il and th1CORR300utility which accompanies
PFINDER

*  You can display corrected position fixes on the LCD, log them
for later use, and/or transfer them to other equipment through a
serial port.

* You can set up your own base station or use corrections
broadcast for public use by an agency such as the United States
Coast Guard.

This chapter discusses the basic DGPS procedure and several
variations like the ones mentioned above.

For more detailed information about the principles behind DGPS, see
the bookleDifferential GPS Explainedisted in theReceiver
Reference'sibliography.

A Survey Controller or Seismic Controller is a hand-held data entry
and display unit that may be used to control a rover (a differential
station) in DGPS operations. This chapter discusses only DGPS
procedures for a receiver without a Controller. For information about
doing DGPS with the aid of a controller, see $tuevey Controller
Operation Manual.
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5.1 Equipment and Software Require

To perform DGPS operations you need the following equipment at
each station:

Rover:A Series 4000 receiver with the RTCM-104 Input
Option.

Base stationA Series 4000 receiver with the RTCM-104
Output Option.

Note that the RTCM-104 Input Option is a prerequisite for the
Output Option, so any receiver equipped for use as a base
station may also be used as a rover.

A GPS antenna and antenna cable. Any antenna recommended
for use with Series 4000 receivers is suitable for DGPS. For
permanent base stations, where the antenna will be exposed to
weather indefinitely, the Compact Dome Antenna or the
Permanent Reference Station L1/L2 Geodetic Antenna is
recommended.

Rover:A digital communications receiver, modem, and
antenna.

Base stationA digital radio transmitter, modem, and antenna.

A radio transceiver may be used at need as a receiver or a
transmitter.

The modem may be integrated with the radio, or may be a
separate unit.

Cables for connecting the radio antenna to the radio, the radio
to the modem (if they are separate units), and the modem to the
receiver's serial port.

A suitable power source. Where line poweavailable, use an
OSM2, backed up by an uninterruptible power supply if
necessary. In other situations, use long-lasting batteries such as
Trimble's 10 AH battery packs, which last about 1 5hours per
charge.
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e Tripods, clamps, or other appropriate mountings for all
equipment.

For a permanent base station, the antenna may be pole-
mounted in an unobstructed place on the roof of a building.

The recommended software packages for postprocessing DGPS data

are Post-Nav Il anBFINDER.For real-time error detection and
quality control, use DeltaNavQC .

5.2 Outlines of the Configuration Process

5-4

This section outlines the steps in configuring a set of receivers for

several variations on DGPS. The next several sections describe the

individual steps in more detail. To configure your receivers, choose
the type of configuration you want and work through the outline;

refer to the following sections whenever you need more information.
If you need more information than those sections provide, consult the

screen descriptions in teceiver Reference.

To generate real-time correctionsPerform the following steps on
the base station and on each rover:

1. Set the positioning elevation mask, PDOP mask, and sync
time.

2. Setthe reference position. (Required for a base station;
optional for a rover.)

Be sure to count the corrected antenna height in the reference
position's height. DGPS, unlike surveying procedures, does not

have a separate antenna height parameter.

3. Disable both RTCM-104 input and output, and all other serial
port data outputs as appropriate.

4. Configure one of the receiver's serial ports to the data format

used by the modem and the radio transmitter (for a base
station) or receiver (for a rover). (See the section How To
Configure a Serial Port in Appendix A.)
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5. Set up the radio and modem to transmit RTCM-104 messages
(for a base station) or receive them (for a rover).

6. Enable RTCM-104 output (for a base station) or input (for a
rover) on that serial port.

7. Connect the serial port to the modem. (See the section Choice
of Data Cable in Appendix A.)

8. For arover, arrange to make appropriate use of the position
fixes the receiver computes. You can log them in memory, for
example, or output them to some other device through another
serial port.

To log data internally for postprocessing(with Memory Option
only). Perform the following steps on the base station and on each
rover:

1. Set the positioning elevation mask, PDOP mask, and sync
time.

2. Disable both RTCM-104 input and output, and all other serial
port data outputs as appropriate.

3. At the beginning of operations, start logging data on the
receiver. At the end of operations, stop logging data.

4. After the end of operations, download the logged data to a
computer for postprocessing. (See the section Downloading
Logged Data in Appendix A.)

To log data externally for postprocessingPerform the following
steps on the base station and on each rover:

1. Set the positioning elevation mask, PDOP mask, and sync
time.

2. Disable both RTCM-104 input and output, and all other serial
port data outputs as appropriate.

3. Configure one of the receiver's serial ports. (See the section
How To Configure a Serial Port in Appendix A.)
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4. Connect that serial port to one of the computer's serial ports.
(See the section Choice of Data Cable in Appendix A.)

5. At the beginning of operations, run the data logging program
(LOGST)on the computer. (See the section External Data
Logging in Appendix A.)

6. Startlogging data on the receiver. Because the receiver is
connected to a computer runnib@GST, data is automatically
logged to the computer's disk, not the receiver's memory. At
the end of operations, stop logging data.

7. After the end of operations, download the logged data as
explained in the section Downloading Logged Data in
Appendix A. (Even though the logged data is already on the
computer's disk, it must be “downloaded” to make it available
for postprocessing.)

To generate real-time corrections and simultaneously log data for
processing.Simply perform all of the steps required by one of the
configurations you want to use, then perform any additional steps
required by the other. Steps that appear in the outlines for both
configurations need be performed only once.

5.3 Steps in the Configuration Process

The following sections discuss some other steps in the configuration
process that appear in the outlines above. Some other steps, which ap-
ply to other procedures as well as to DGPS, appear in Appendix A,
“Common Operations.”

5.3.1 Setting the Elevation and PDOP Masks and Sync
Time

What the parameters do.The elevation and PDOP masks help to
ensure that the receiver will make use of satellite signals only when
they will produce accurate results.
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When a satellite's elevation is less than the elevation mask, a
reference or differential receiver will not use or track that satellite's
signals.

When the constellation of available satellites yields a PDOP greater
than the PDOP mask, a rover will not calculate position fixes. (The
PDOP mask does not apply to base stations.)

The sync time determines the interval between epochs; that is, the
period in which the receiver generates one set of satellite data, one
correction message, or one position fix. If the sync time is 2seconds,
for example, the receiver will generate one set of data every

2 seconds.

Which parameters are usedFor computing position fixes in real

time, the DGPS procedure uses parameters from the positioning
parameter set. For logging satellite measurements for postprocessing,
the procedure uses the quickstart or preplanned static surveying
parameters. If a receiver is configured to compute position fixes and
log measurements at the same time, it uses each set of parameters for
the respective function.

How to choose valuesThe elevation mask is usually set between 5°
and 10°, and the sync time is set between 1 a nd 5seconds.

An elevation mask lower than 5° is not recommended due to the high
probability of noise interference. In hilly or built-up locations, a
higher mask is helpful. It is generally good to set a slightly lower
elevation mask on the base station than on the rovers. As a ne
satellite rises in the sky, the base station will start logging or
transmitting data for it before the rover is ready to use it; when the
rover is ready, the reference data it needs will already be available.

A PDOP mask of 7 generally ensures position fixes with good
precision. Position fixes calculated when the PDOP is greater than 7
are likely to be too imprecise for many applications. (As noted above,
though, only a rover uses the PDOP mask.)
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Note — On a base station being used to broadcast corrections for
real-time use, do not set the sync time to a value that will damage the
radio transmitter. See the section Sync Time and the Radio's
Transmit Duty Cycle, below, for details

A rover is subject to no such restriction, and the sync time may be set
to any value that is appropriate for the application. Bear in mind that
if the rover's sync time is shorter than the base station's sync time,
two or more position fixes will be calculated with the same correction
data at least part of the time. If the rover's sync time is longer, some
corrections will not be used at all.

Long sync times at either station tend to reduce the accuracy of
position fixes. With sync times greater than 5seconds, the system's
accuracy tends to be poorer than the specification's nominal levels.

How to set the positioning parametersPress thCONTROL | key.
From theControl menu, press thdORE softkey until you see the
MASKS/SYNC TIME softkey; then press that key.

The receiver displays this screen:

Enter the elevation mask, PDOP mask, and sync time. When you are
done setting values, press teCEPT softkey, then th{Cl EAR] key.

For more detailed instructions, see the discussion oflA8KS/
SYNC TIME screen in th®eceiver Reference.

Series 4000 Application Guide




5 Differential GPS

Sync Time and the Radio's Transmit Duty Cycle

Many digital radio transmitters are not designed for continuous
transmission. Such transmitters are liable to be damaged by a
sustained transmit duty cycle exceeding the recommended limit.

The transmit duty cycle depends on the sync time and the length of
the data transmitted for each epoch. Therefore, you must set the sync
time to a value high enough to ensure a transmission duty cycle less
than or equal to the recommended limit. For example, if the
transmitter's maximum recommended duty cycle is 25% and the
receiver is transmitti ng 1second of data per epoch, the sync time
must be set to 4 seconds or more to yield a duty cycle of 25% or less.

An easy way to select a safe sync time is to measure the duration of a
correction message when many SVs are visible. Your receiver is
accompanied by satellite visibility software for a personal computer
that can help you determine when the maximum possible number of
satellites (currently 11 with typical elevation masks) will be visible.

If the radio transmitter has a “transmit” LED, you can measure the
duration of a correction message by timing the LED's lighted
intervals. If the communications receiver has a speaker, time the
sound that the data makes when received. Varying the base station's
sync rate can help you distinguish the sound of data from background
noise.

Since the resulting message length is an estimate, add a reasonable
safety factor (such as 1 second). Then divide by the transmitter's
recommended duty cycle.

For example, if it appears to take 1second to transmit a correction
message and the transmitter's maximum transmission duty cycle is
33%, the minimum safe sync time is

1 second estimate + 1 second safety fasta2 seconds= 6 seconds
0.33 0.33
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5.3.2

This example is intentionally conservative. More typically, a radio
link with a data rate of 2400 to 48 00baud can operate with a sync
time of 2 to 4 seconds. Higher data rates allow shorter sync times;
lower data rates require longer ones.

You can calculate the transmission time if you know all of the data
packeting schemes and timings of the modems and radios, and you
use the information in the RTCM SC-104 definition to calculate the
number of bits of data in each RTCM-104 message.

Setting the Receiver's Reference Position

Thereference positiois the accepted position of the receiver's
antenna, expressed in the WGS-84 datum. You must ensure that it is
sufficiently accurate for your application's requirements. Any error in
the base station's reference position will translate directly into errors
in the rovers' corrected position fixes.

Two types of reference position parameters are relevant to DGPS.
The positioning reference position is used to compute position fixes
in real time. The quickstart static reference position or a preplanned
static reference position is used to log measurement data in quickstart
or preplanned surveys, respectively

If you are using a base station to broadcast corrections in real time
and simultaneously to log measurement data for postprocessing, you
should sebothtypes of reference position.

Note — You must change the value of the appropriate reference
position parameter(s) whenever the GPS receiver antenna moves.

How to set the positioning reference positionlo set the
positioning reference position, press [P@NTROL | key. From the
Controlmenu, press thdORE softkey until you see tHREFERENCE
POSITIONsoftkey; then press that key.
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The receiver displays this screen:

ITION:

HUETH
H PRt

Enter the antenna's accepWw @& S-84coordinates, using the softkeys
to change the senseldAT (north/south)LON (east/west) anHGT
(plus/minus). When you are done, pressih€EPTsoftkey, then the
[CL EAR] key.

You may enter height relative to the ellipsoid (HAE) or mean sea
level (MSL). A softkey for choosing the height reference appears
when the cursor is in tHeGT field.

How to set the quickstart session's reference positiodvhen you
start data logging through theg Datamenu'sQUICK-START NOW!
selection, the most recent position fix is logged as the reference
position.

For more information, see the section Running a Quickstart Survey in
Chapter 2.

How to set a preplanned session's reference positio/hen you
define the session description that you will use to start the DGPS
session, the session definition procedure will prompt you for a
reference position. For more detailed information see the section
Step 2: Enter the Station's Reference Position in Chapter 2.

You can correct a quickstart or preplanned session's reference
position when you run the postprocessing program, if necessary, to
improve the accuracy of the results.
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Disabling RTCM-104 Input and Output and Other
Outputs

You should confirm that all of the receiver's serial ports are disabled
before you reconfigure ports. This will prevent several types of
problems that otherwise could occur:

» If the receiver is being configured to compute corrected
positions in real time, it could transmit unnecessary data on the
radio link. On a base station this could delay transmission of
corrections. On a rover it could interfere with reception of
corrections by tying up a transceiver with transmissions when
it should be receiving. In either case it could damage the radio
transmitter by exceeding its transmit duty cycle.

» Ifthe receiver is being configured to log data without real-time
corrections, a rover will not log data if RTCM-104 input is
disabled, because no corrections are being received. In any
case, it is good practice to disable unnecessary inputs and
outputs to avoid possible side effects and future problems.

For more detailed instructions, see the discussion of how to configure
RTCM-104 output in th&eceiver Reference.

Relationship between input and output.The receiver will not let
RTCM-104 input and output be enabled simultaneously. Therefore, if
you find that input is enabled you may assume that output is disabled,
andvice versaAfter disabling input you need not check output, and
vice versa.

RTCM-104 input. Press th¢CONTROL ] key. From theControl menu,
press theMORE softkey until you see theRTCM-104 INPUTsoftkey;
then press that key.
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The receiver displays the first of thrb&FFERENTIAL STATION
screens:

Press th&@TCM-104 INPUTS.. CHANGE softkey to displayDFF.
Press th¢Cl EAR] key twice to return to the status display

RTCM-104 output. Press thCONTROL | key. From theControl
menu, press thORE softkey until you see tHeTCM-104 OUTPUT
softkey; then press that key.

The receiver displays the first of thre€@CM-104 REFERENCE
STATION screens:

RTCH-184 R

b e
- LHHMEE
- LHHMEE

SiHPLIUN [ L
FURMHT L

Press th&NABLE... CHANGE softkey to displayFF.
Press th¢Cl EAR] key twice to return to the status display

Other types of output. You should also disable any other types of
receiver output that are enabled. Depending on what options your
receiver has, you may have to disable the following types of output:

*  NMEA-0183
*  Cycle printouts

* 1 pulse/second time tags
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5.3.4

5.3.5

Consult theReceiver Referender information on controlling these
types of output.

Configuring a Serial Port

For information about configuring a serial port, see the section How
To Configure a Serial Port in Appendix A.

Enabling RTCM-104 Input or Output

Relationship between enabling and disablingThe procedures for
enabling input and output are essentially the same as the procedures
for disabling them, as described in the section Disabling RTCM-104
Input and Output and Other Outputs. You must seiNR&ITS or
OUTPUTSparameter to the number of the serial port you are using,
and you must set the other input/output parameters as well.

RTCM-104 input. Press thCONTROL ] key. From theControl menu,
press theMORE softkey until you see thRTCM-104 INPUTSsoftkey;
then press that key.

The receiver displays the first of threFFERENTIAL STATION
screens:

DIFFEREMTIAL STATION  <--
RTCH-184 THFLU

FORT

Lo b
LR

FURMHT L WVeER=ZIUN &

5-14

Press th&kTCM-104 INPUTS.. CHANGE softkey to displayN (to let
the receiver operate in differential mode onlyDOW/AUT  (to let it
fall back to autonomous operation when it cannot operate in
differential mode). Go on to set the rest of the parameters.

Press th@ORT SELEC ... CHANGE softkey until the port number
displayed is that of the serial port you want connected to the modem.

Series 4000 Application Guide




5 Differential GPS

Be sure thaFORMAT is set to the version of RTCM-104 being
generated by the base station whose corrections will be used. If you
control the base station, Trimble suggests that you use Version 2.0.
Press the appropriaGHANGE softkey, if necessary, to change the
format.

Press thalORE softkey to display the next screen:

Be sure that all three parameters are set to appropriate values. Use the
ones shown above if you have no reason to select others. Press the
appropriateCHANGE softkey(s) to change the parameter settings.

Press théMlORE softkey to display the next screen:

AGE LIMIT is the length of time a DGPS correction will be
considered good. If the flow of corrections from the base station is
interrupted, the rover will continue to use the last correction received
for this length of time. Use the value shown above unless you have a
reason to prefer another. Press@iANGE softkey to change the
parameter setting.

Press th¢Cl EAR] key twice to return to the status display

RTCM-104 output. Press thCONTROL | key. From theControl
menu, press thlORE softkey until you see tHeTCM-104 OUTPUT
softkey; then press that softkey.
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The receiver displays the first of threR€CM-104 REFERENCE
STATION screens:

T R SR

Press th&NABLE... CHANGE softkey to display the serial port that is
connected to the modem. Go on to set the rest of the parameters.

You may leaveSTATION ID at 0000. SEFORMAT to the version of
RTCM-104 the receiver must generate. If you have control of the
rovers that will be using the generated corrections, Trimble suggests
that you use Version 2.0. Press the approp@ai#ENGE softkey(s), if
necessary, to change the parameter settings.

Press théMlORE softkey to display the next screen:

Ak, A SR

The defaults shown are good for general use. Press the appropriate
CHANGE softkey(s) to change them if necessary.

Press thalORE softkey to display the next screen:
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The defaults shown are good for general use. Press the appropriate
CHANGE softkey(s) to change them if necessary.

Press th¢Cl EAR] key twice to return to the status display

5.3.6 Setting Up the Modem and Radio

To generate position fixes in real time, the base station must be
connected to a radio modem and radio transmitter; each rover must be
connected to a radio modem and communications receiver. Since
many different types of radios and modems may be used, no specific
instructions are given here.

Radio equipment comes in two common forms: a single device
incorporating radio and modem, and a separate modem and radio,
which may come from different manufacturers. Separate modems and
radios may require adjustment to work together.

The TrimbleTRIMTALK 900™ transceiver may be used for short-
range DGPS operations, although it is designed primarily for RTK
surveying. It operates in the 902- -928MHz band, and is certified for
unlicensed operation in the U.S. and some other countries. For more
information, see th&RIMTALK900 Operation Manual.

Trimble can supply or recommend other appropriate equipment for
your specific application.

Mounting the antenna.Mount each station's radio antenna in as
high a location as possible, with as clear a line of sight to the other
station as possible. To minimize interference problems, try to mount
each radio antenna away from its GPS receiver's GPS antenna.
Shipboard installations sometimes deal with interference by
mounting the GPS antenna above any transmitting antenna.
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5.3.7 Connecting the Serial Port to the Other Device

Use an appropriate data cable to connect the serial port you have
configured to the computer, modem, or other device. For details, see
the section Choice of Data Cable in Appendix A.

5.3.8 Running the Data Logging Program (Only with
Memory Option)

The procedure for running the data logging program is described in
the section External Data Logging in Appendix A.

5.3.9 Starting Data Logging (Only with Memory Option)

The DGPS procedure can log either or both of two types of data:
satellite measurement data and corrected position fixes.

To log data for postprocessing onlyYou must log satellite
measurement data on both the base station and the rover. Configure
both of them to log datdORMALLY .

To log position fixes only.Configure the rover to log data
EXCLUSIVELY. Configure the base station to log no data at all.

To log both types of dataConfigure the rover to log daBVERY
CYCLE. Configure the base station to log dstaRMALLY .

How to configure a quickstart data logging sessiofl.he procedure

is the same as for running a quickstart static survey. See the section
Running a Quickstart Survey in Chapter 2. QUCKSTART
CONTROLSscreen, set th8@TORE POSITIONparameter to the
appropriate valueNNORMALLY , EXCLUSIVELY, or EVERY CYCLE
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How to configure a preplanned data logging sessiofihe

procedure is the same as for defining and running a preplanned static
survey. See the sections Defining a Preplanned Static Survey and
Running a Preplanned Survey in Chapter 2SB8SION SPECIAL
CONTROLSscreen, set theOSITION LOGGEDparameter to the
appropriate value.

How to configure a station to log no data at allSimply omit the
steps for starting either a quickstart or preplanned data logging
session. The settings of tB@ORE POSITIONandPOSITION
LOGGED parameters do not matter.

5.4 What Is Different During Data Loggin

Main Statusscreen.The receiver displays a screen like this one in
place of theStatusscreen that appears in positioning mode:

This screen is similar to the positioning m@&latusscreen except for
the first two lines, which show the name of the data file, the number
of hours and minutes data logging has beenunder way, and the
approximate amount of data logging time left before memory is full.
TheELEV/AZM, POSITION andDATE softkeys have their usual
functions.

The MORE softkey leads to a series of three other screens that
describe the status of data logging, the satellites being tracked, and
some important operating parameters (chiefly the elevation mask and
sync time). These screens are shown and explained in the section
Performing Other Operations During a Static Survey in Chapter 2.
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Log Datascreen.The[l OG|[DATA] key displays this menu:

SUREUEY : PLSER ITHPUT
i L H B E
i
i

{EHD SURVEY

TheUSER INPUTandCHANGES softkeys let you enter user input
(e.g.,field notes) and change the antenna parameters and data file
name. They work just like the corresponding softkeys that appear just
before you start logging data.

TheEND SURVEY softkey, described in the next section, terminates
data logging.

Position calculations.A DGPS base station does not compute
positions. Its position is fixed at its reference position. AGSITION
screen will display the reference position, and cycle printouts that
include position will present the reference position.

5.5 Stopping Data Loggin

To stop logging data, press th@&G|DATA] key to display the
SURVEY menu, shown above. Then pressBEN® SURVEY softkey.
The receiver displays this screen:

L
Pl f
L L
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SelectYES. The receiver stops logging data and briefly displays the
this screen:

e oy rrm e
Pid §oiedb="l R
L O L |

If you have not previously entered the antenna parameters, the
receiver now prompts you to do so. Enter appropriate values as
described in the section Entering Antenna Parameters in Appendix A.
When you are done, the receiver returns to the re§tiddusscreen.

If you are doing external data logging)GST automatically stops
running and returns control to DOS when you stop the subeepot
stopLOGST by turning the computer off or restarting it. If you do
that, you may lose some or all of the data that has already been
logged.

Conditions that terminate data logging.The following unusual
conditions also terminate data logging:

*  Filling all of the receiver's memory with data.
* A power failure.

* Any condition that reduces the number of available satellites
below the minimum required to generate position fixes, given
the receiver's current parameter settings.

How to restart data logging.You can restart a data logging session
after correcting one of these conditions (or after you have stopped it
manually). If you are doing external data logging, remember to restart
LOGST before you restart data logging.

When you restart an internal data logging session, the receiver logs
data to a new file with the same name as the session's earlier file(s).
You can distinguish the different files by their times of creation.
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When you restart an external data logging session, you should specify
the same file name as for the session's earlier filsa&) ST assigns
the new file a different extension to make the name unique.

At the end of the data logging session, you will have two or more files

representing different parts of the session. Toconstruct a record of the
entire session, you must download all of these files and merge them.

See the section How the Receiver and Programs Handle File Names
in Appendix A for details.

If a preplanned data logging session is scheduled to be running when
the receiver is powered on again after a power failure, the receiver
will automatically restart it (or start it, if it was not running yet when
the failure occurred). If the survey is restarted IRVEY
RESTARTEDdisplay will appear.You then must cancel the operation
manually by pressing tHeOG|DATA] key and selectingND SURVEY

Similarly, if a quickstart data logging session was running when
power failed, the receiver will attempt to restart it the next time it is
powered on. You should respond the same way as for a preplanned
session.

5.6 Downloading Logged Data

The procedure for downloading logged data is described in the
section External Data Logging in Appendix A.

5.7 Making Use of Position Data

If you set up the receiver to correct position fixes in real time, you
must make some provision for using those position fixes, and any
other data the receiver produces that is useful to you.
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Display it on the LCD The simplest alternative is to display position
fixes on the receiver's LCD. Ti8tatusmenu'sPOSITIONScreen

gives a continuous display of the current position fix. To see this
screen, simply press tf@ EAR] key repeatedly until the display stops
changing, then press tIR©SITION softkey.

Log it in memotry. If your receiver has the Memory Option, you can
log position fixes in memory; see the section Set Special Controls in
Chapter 2. Then download them to a computer; see the section
Downloading Logged Data in AppendixA. You can extract the
position fixes from the data file with a postprocessing program such
as Post-Nav Il, and store them in a data file for use by a spread sheet,
word processor, etc.

Send it to another deviceMany specialized devices can use position
data from a receiver for navigation, vessel stabilization, and other
purposes. One such device is the Trimble EchoXL Remote Display,
which displays coordinates, course information, and other data.

To send position data to such a device, you must configure one of the
receiver's serial ports and connect the port to the device, as explained
in the section Connecting a Serial Port to Another Device in

Appendix A. Then you must enable one of the receiver's cycle
printouts and direct it to the serial port. (A cycle printout is any type

of output that the receiver generates once per measurement cycle.)

For information about enabling cycle printouts, see the section
Enabling Cycle Printouts in Appendix A.

When you connect a device to a Series 4000 receiver, you may have
to set theREMOTE INTERFACE PROTOCOIparameter to make the
receiver and the other device communicate correctly. For information
about this parameter, see the section How to Use a Remote Protocol
in Appendix A.
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Series 4000 receivers can be used for navigation with or without the
Navigation Package Option. The Navigation Package Option adds
several useful features, though; the most notable is the ability to store
definitions of up to 99 waypoints and define a course that traverses
any set of waypoints in any order.

The navigation functions use corrected positions if the RTCM-104
Input Option is operating, and use RTK position fixes if RTK is
operating. Otherwise they use uncorrected positions; that is, the
receiver operates autonomously. The accuracy of the navigation
displays reflects the accuracy of the positioning procedure being
used.

The precision of the position fixes depends primarily on how they are
computed. If the receiver is mguting corrected position fixes with
DGPS, as described in Chapter 5, it yields fixes that are precise to
1+2--5 meterRMS, or to better than 1 meter RMS for a Maxwell-
based receiver. If it is computing position fixes with RTK, the fixes
are precise to about £2 cm + 2 ppm. In any other case the receiver
computes uncorrected (autonomous) position fixes, yielding fixes
that are precise to about £100 meters horizontal RMS if Selective
Availability is active, and about £10 to 20meters RMS if it is not.

The precision of velocity readings is about 0 .1knots when the
receiver is computing uncorrected position fixes, regardless of
whether Selective Availability is active or not. With DGPS or RTK, it
is higher.

Series 4000 Application Guide 6-1




Navigation

6.1 Displaying Your Positio
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To display your current position, go to tBatusscreen and press the
POSITIONsoftkey. The receiver will display a screen similar to this
one:

LHTE & FLLIE s HiMHWLEH TR

Lk ] : W HOOF: 1 VELOCITY
HET: -EEE1.8 m RS0y URORE 2 TEM-1684
TROF: 1.gd STHTE

The left part of the display. The first three lines show your current
latitude, longitude, and height.

On theHGT line, MSL means “mean sea level”; if nothing appears in
this space, the height is relative to the WGS-84 reference ellipsoid.

The last line shows the type of position fixes being displayed. This
depends on the number of satellites the receiver is tracking, and on
whether the receiver is configured to compute corrected (DGPS)
positions.

» DIFFERENTIAL: Current, corrected 3D positions.
* DIFF/FIXED HEIGH : Current, corrected 2D positions.

e DIFF/FIXED LAT/LON: Current, corrected 1D (height-only)
positions.

* OLD POSITION An old, corrected position. The receiver
displays this when it is configured to compute corrected
position fixes, but cannot do so because it is not receiving valid
RTCM-104 corrections. The screen shows the most recent
corrected position fix.

« Blank: Uncorrected 3D positions.
*  FIXED LAT/LON: Uncorrected 2D positions.
*  FIXED HEIGH : Uncorrected 1D positions.
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The receiver computes 2D positions by using the height from the last
computed value, or the height from the reference positibaTifand

LON are non-zero. It computes 1D positions by assuming_fTat
andLON have the last computed values, or the values from the
reference position if it is non-zero.

The middle of the display: DOPsThe middle part of the display
shows several Dilution of Precision (DOP) metrics, which reflect the
amount of error introduced into the position fix by the geometry of
the satellites currently being tracked. The metrics are position DOP
(PDOP), a measure of error in three dimensions;HDOP, the
horizontal component of PDOP; VDOP, the vertical component of
PDOP; and time DOP (TDOP), a measure of error in the receiver's
clock relative to GPS time.

PDOP is the best overall measure of the quality of a position fix. In
general, a PDOP below 4.0 indicates an excellent position fix; a
PDOP above 7.0 indicates a position fix that is too poor to be useful
for most purposes.

The middle of the display: statisticgonly with QA/QC Option).
Press th&sTATS softkey to display statistics instead of DOPs in the
middle of the screen:

EachSIGMA is the square root of the error covariance matrix term
representing error in one coordinate: latitude (N), longitude (E), and
height (U). Sigma values are computed using the constellation
geometry and the error estimate for each satellite. They are expressed
in meters.
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UNIT is ana posterioriestimate of the relationship of the sigma
values to the actual error. It is computed only for overdetermined
solutions,i.e.,when more satellites are used than are necessary for
the type of solution being computed.

- UNIT = 1.0: The sigma values roughly correspond to the actual
errors.

- UNIT > 1.0: The sigma values probably overestimate the actual
errors.

- UNIT < 1.0: The sigma values probably underestimate the
actual errors.

Local datum or local zone display selectedf the receiver is
configured to display positions in the local datum or local zone (see
the section Using Local Datums and Projections in Appendix A), the
position screen resembles one of these:

L1
i
it

MORTH: +E85 6 4 m PLOF:
HLLIE S

LALALIE 8

The last line displays the short name of the local datum or local zone.

For the local datunm,AT, LON, andHGT display the position in the
local datum.

Series 4000 Application Guide




6 Navigation

For the local zone\NORTH, EAST, andHGT display the position as a
northing and easting in the local zone, and a height in the local
datum. If the receiver determines that the current position is not
within the local zone, it displays the messagieECK ZONE instead
of a northing and easting.

To change elevation mask and PDOP masKhe positioning

elevation mask specifies an elevation below which satellitesatill

be used to compute position fixes. The PDOP mask specifies a PDOP
value above which the receiver will not compute position fixes at all.
For information about how to change these parameters, see the
section Setting the Elevation and PDOP Masks and Sync Time in
Chapter 5.

To change the format of the coordinatesPresgMODIFY] and select
UNITS OF MEASUREfrom theModify menu. You can set the format

to either degrees/minutes/decimals, or in degrees/minutes/seconds/
decimals.

To change the height referencePresg§MODIFY] and select
ALTITUDE REFERENCEfrom theModify menu.You may set the
altitude reference to the WGS-84 ellipsoid or mean sea level by
pressing th&€HANGE softkey untilM.S.L. or ELLIPSOID appears.

6.2 Using the Navigation Screens

The navigation screens can be used to steer a vehicle from one
location to another by defining and following a course consisting of
some number of straight lines (legs).

These screens appear in two versions: a basic version on receivers
without the Navigation Package Option, and a more extensiviewers
on receivers with that option.
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6.2.1 NAVIGATE without Navigation Package Option

6-6

On receivers that do not have the Navigation Package Option, the
NAVIGATION screens let you define a destination, calledgpoint,
and display information about your position relative to the waypoint
as you travel toward it.

To display the mailNAVIGATION screen, press tH8TATUS] key;
from the mainStatusscreen, sele@OSITION thenNAVIGATE. The
receiver will display this screen:

The screen shows the waypoint's bearing and range from your current
position, and the north/south and east/west components of its range.

To view and change the waypoint's coordinatesSelect
WAYPOINT. The receiver will display this screen:

Enter the waypoint's coordinates. To change a coordinate's direction,
press theNORTH andSOUTH or EAST andWEST softkeys

(depending on which field the cursor is in). Pre8S€EPTto accept

the waypoint coordinates and return to the M&IIGATE screen.

To set the waypoint to the receiver's current position, selERE,
thenACCEPT This is useful if you will need to return to your current
position from another, possibly unknown place.
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Remember that if the receiver is computing uncorrected position fixes
and Selectivéwailability is active, the current horizontal position is
precise to about 100 meters RMS. In the worst case, when the errors
at the start and end of your round trip are cumulative, you may return
to a point about 200 meters away from your origin.

To change the units of distance?ress the maiNAVIGATION
screen'$NITS softkey to cycle through the available units of
distance: miles (mi), nautical miles (nm), meters (m), and feet (ft).
When the units are meters, large values are displayed in kilometers
(km).

6.2.2 NAVIGATE with Navigation Package Option

On receivers that have the Navigation Package Option, the
NAVIGATION screens let you define and use up tav@9points,
numbered from 01 to 99. A waypoint is a position which represents
the beginning or end of a course, or an intermediate point on a course.
The part of a course between two waypoints is called ar leg line.

You can follow a complex course by entering an appropriate set of
waypoints, then selecting the leg lines that trace out the course, one
after another, as you proceed. When you select each leg line, the
receiver displays information about your position relative to the
waypoint at its end.

How to Plan Courses and Waypoints
Navigation with waypoints is a two-step process:
1. Define an appropriate set of waypoints.

2. To navigate a course, select its first leg line and navigate fro
your origin to the first waypoint. Then select the second leg
line and navigate from the first waypoint to the second one,
and so on until you reach your destination.

There are two approaches to defining and using waypoints.
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First, you can define a sequence of consecutively numbered
waypoints that trace out a course when selected in ascending or
descending order. This approach makes navigation very easy; you
only need to remember which waypoint starts each course, then select
leg lines that run from one waypoint to the next until you reach your
destination.

Figure 6-1 illustrates this approach. It shows a group of waypoints
that define two courses; one is traced by waypoints 1 through 5, the
other by waypoints 11 through 15. Notice that in three cases, more
than one waypoint describes the same position; that is a natural
consequence of using this approach.

Waypoint 2
Waypoint 12

Waypoint 4

Waypoint 5

Waypoint 3
Waypoint 13

Waypoint 14

Waypoint 15

Waypoint 1
Waypoint 11
(You are here)

Figure 6-1.

6-8

Sequences of Waypoints Defining Courses

Second, you can define a network of waypoints for all of the origins
and destinations of interest to you, and all of the intermediate points
that the courses among them require. This approach is extremely
flexible; a hundred properly defined waypoints may allow you to
navigate thousands of different courses. The disadvantage of this
approach is that you must select leg lines with care; most people find
it difficult to remember courses defined by sequences of waypoints
that do not go in order.
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Figure 6-2 illustrates this approach.You can navigate a reasonably
direct route between many different pairs of points by following an
appropriate sequence of legs. For example, you can go fro
waypoint 11 to waypoint 22 via waypoints 1, 2, and 21; you can go
from waypoint 11 to waypoint 13 via waypoints 1, 2, and 12.

Waypoint 21

Waypoint 22

Waypoint 2

Waypoint 12 Waypoint 13

Waypoint 11
(You are here)

Figure 6-2. A Network of Waypoints Defining Courses

How to Use the Main NAVIGATION Screen

To display. Press th¢sTATUS] key. From the maiStatusscreen,
selectPOSITION thenNAVIGATE. The receiver will display a screen
that resembles one of these:
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: AT
= 2 WAEYFHTES
WEST: il m ; SET UMITE

- FORMAT
WHYFPHTS
-1 SET UMITS
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To read. Each version of the screen displays the waypoint numbers
that define a leg line. All of the examples above show the leg line that
goes from waypoin t0 to waypoin t1.

The first screen displays thewaypoint's range and bearing, and
your cross-track error;that is, your current position's distance left or
right of the leg line.

The second screen displays tbhevaypoint's range and bearing, and
the north/south and east/west components of the range.

The third screen displays theewaypoint's range and bearing, and an
“arrow” that indicates the direction to steer to intersect the leg from
the current position. The number of arrowheads represents the
distance from the current position to the nearest point on the course.
The distance that each arrowhead represents is adjustable.

To change the display's formatPress th€ HANGE FORMAT
softkey. If you leave thBIAVIGATION screens, the format you select
will reappear whenever you return to them.
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How to Change Units of Distance

To display the screen for changing the units of distance used in the
mainNAVIGATION screen, press tI8ET UNITSsoftkey. The receiver
displays a screen like this one:

I I T T =L T
o B |y e BEEWE B e =
Lo o 0 | SR T, B R e}

- S p R,
g, /=D B EemE B o B e
" L L

To change the units of distance, pressRANGE UNITS.. CHANGE
softkey. The display will cycle through the available units: miles (mi),
nautical miles (nm), meters (m), and feet (ft). When the units are
meters, large values are displayed in kilometers (km).

To change the scale of the cross-track error arrow®ress th&XTE
ARROWS.. CHANGE softkey. The receiver will display a screen like
this one:

I I T T = T
o B |y e BEEWE B e = o
Lo o 0 | SR T, B R e}

In this example, the screen shows that each arrowhead in the XTE
display represents a cross-track error of 25meters. To change the
scale of the XTE arrows, enter a new value and px€SEP .

Note that scale OfTE ARROWSis expressed in meters when the
range units are metric, and in feet when the range units are English.

To return to the main NAVIGATION screen.You may press the
[ENTER] key or thePREVIOUSSsoftkey.
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How to Display and Set Waypoints

From the maimNAVIGATE screen, sele@DIT WAYPNTS. The
receiver displays a screen like this one:

-, e
= & i
- L

L1
i
L

1
HH
HEH

The screen shows the waypoint number and the coordinates of that
waypoint.

To select a different waypoint.You can select a waypoint by

pressing the&dEXT andPREV softkeys. These keys increment and
decrement the waypoint number and display the corresponding set of
coordinates.

You can also select a waypoint by entering its number through the
keypad. When you enter the second digit of the number, the receiver
displays the screen shown below, and shows the corresponding set of
coordinates.

To change the selected waypoint's coordinatekf.the receiver is
still displaying the first screen shown above, pfeN3ER] to display
the second screen. Note that the cursor moves to the startafithe
field.

Enter the latitude of the waypoint, then the longitude. You may use
the NORTH/SOUTH/EAST/WESTsoftkey to toggle the direction of
whichever coordinate you are entering. PfEN3ER] to accept the
latitude and move the cursor on to ti@N field; pres§ENTER] or
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ACCEPTto accept the longitude and return to the first screen shown
above.

You may now select another waypoint or pi€s&§AR] to return to
theNAVIGATE screen.

To clear the selected waypoint's coordinate®resgENTER], then
selectDELETE. This sets the waypoint's coordinates to 00 °00'
latitude and 000°00' longitude.

To set the selected waypoint's coordinates to the receiver's
current location. PresgENTER], then selecdHERE. This is useful if
you will need to return to your current position from another,
possibly unknown place.

An example.Suppose you want to set coordinates for waypoints 1, 2,
3, and 4 to define one of the courses shown in Figure 6-1.You should:

1. PresgSTATUS], then seledPOSITION thenNAVIGATE, then
EDIT WAYPNTS.

2. Presd0] [1] to display waypoin t1. PrefSNTER] to display the
screen for setting coordinates.

3. Press thelERE softkey to set the waypoint's coordinates to
your current position.

4. Press\NEXT to display waypoi nt2. Pre$ENTER] to redisplay
the screen for setting coordinates. Enter the waypoint's latitude
and pres§ENTER], then enter its longitude and pré&STER]
again (or pressaCCEPT).

Repeat step 4 to display and set wayp oint3.
Repeat step 4 again to display and set waypoi nt4.

Repeat step 4 again to display and set waypoi nt5.

© N o u

PresgCl EAR] to return to the maiNAVIGATION display.
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How to Select a Leg Line

The leg line that the maiAVIGATION screen displays is called the
selected leg line.

To select a different leg line, press B$#LECT LEGsoftkey. The
receiver displays a screen similar to this one:

FROM: @8  To: @i

I

./
=1

This screen identifies the currently selected leg line by the numbers
of its from andto waypoints. The example above shows that the
selected leg line runs from waypoin t0 to waypoint 1.

To select a leg line with the softkey$ress th&lEXT andPREV
softkeys to display the desired leg line, then prAEISEPT

NEXT copies theo waypoint number térom, then increment by
one.

PREV copies thdrom waypoint number t¢o, then decremenfsom

by 1.

For example, suppose the selected leg line runs from waypoint 5 to
waypoint 10.

*  PressingNEXT three times would select the leg line that runs
from waypoint 10 to 11, then from 11 to 12, then from 12 to
13.

* PressingPREVthree times would select the leg line that runs
from waypoint 4 to 5, then from 3 to 4, then from 2 to 3.

NEXT andPREV are most useful if you define waypoints that trace
out a course when taken in ascending or descending order.

To select a leg line with the keypadEnter waypoint numbers in the
FROM andTO fields, then press theCCEPT softkey.
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For example, to select the leg line that runs from waypoint 00 to
waypoint 21, presf] [0] [2] [1] andACCEP .

Note that the receiver treaBROMandTO like a single field with
some unchangeable characters in the midébeenter values in
FROM andTO, simply press four numeral keys. Do not pfEN3ER]
or [CL EAR], or the receiver will return to the maitAVIGATION
screen. To move back and forth betw&&®M andTO, use thd<]
and[>] keys.

Entering waypoint numbers through the keypad is useful if you are
following a course that does not follow an ascending or descending
sequence of waypoints.

An example using a sequence of waypoinffo navigate the course
defined by waypoints 1 thro ugh5 (defined in the preceding section):

1. From the maimNAVIGATION screen, press ti&ELECT LEG
softkey.

2. Presd0][1] [0] [2] to select the leg that runs from waypoin t1 to
waypoint 2 . Press tie&CEPT softkey to select the leg and
return to the maiNAVIGATION screen.

Navigate from your origin (waypoin t1) to waypo int2.

4. Press th6ELECT LEGsoftkey again, then theEXT softkey,
to select the leg that runs from waypo int2 to waypoi nt3. Press
ACCEPT Navigate the leg line.

5. Repeat step 4 to select and navigate the leg line that runs from
waypoint 3 to waypoint 4.

6. Repeat step 4 again to select and navigate the leg line that runs
from waypoint 4 to waypoint 5.

An example using a network of waypointsTo navigate the course
defined in Figure 6-2 by waypoints 11, 1, 2, 12, and 13:

1. From the mailNAVIGATION screen, press tf&ELECT LEG
softkey; then pred§] [1] [0] [1] to select the leg that runs from
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waypoint 1 1 to waypointl. PresaQ@@EPTsoftkey to select
the leg and return to the maiAVIGATION screen.

Navigate from your origin (waypoin t11) to waypoi ntl.

Press th&ELECT LEGsoftkey again, then theEXT softkey,
to select the leg that runs from waypo intl to waypoi nt2. Press
ACCEPT Navigate the leg line.

Press th&ELECT LEGsoftkey again, then theEXT softkey,

to select the leg that runs from waypoint 2 to waypoint 3. Press
[>] [>] to move the cursor to the beginning of thevaypoint
number; presH] [2] to change th waypoint number fro 2 to

12. Pres®\CCEPT Navigate the leg line.

Repeat step 3 to select and navigate the leg line that runs from
waypoint 12 to waypoint 13.

Repeat step 3 again to select and navigate the leg line that runs
from waypoint 13 to waypoint 14.

6.3 Displaying Your Velocity

6-16

To display the receiver's current velocity, presqSR&TUS] key.
From the mairStatusdisplay, seled®OSITION, thenVELOCITY. The
receiver will display a screen similar to this one:

The screen shows the horizontal and vertical components of the
receiver's current velocity. The bearing of the horizontal component
is shown relative to true north.
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To change the units of velocityPress th&JNITS softkey to cycle
through the available units: miles/hour horizontal and vertical;
kilometers/hour horizontal and vertical; meters/second horizontal and
vertical; knots horizontal, feet/minute vertical; and knots horizontal
and vertical.

To leave the screenSelectPOSITIONto return to thé?OSITION
screen (one level up). PrgSsEAR] to return directly to the main
Statusscreen (two levels up).
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7 GIS Data Acquisition

GIS data acquisition consists of using GPS equipment to record
positions and descriptions of objects, and to place the data in a
geographic information system (GIS)—a database management
system for the capture, storage, analysis, and display of spatial data.

Some typical applications of GIS data acquisition are:

* Maintaining an inventory of assets such as road signs, utility
poles, or pipelines.

* Collecting information about the species and health of a
particular area's trees.

» Collecting data about traffic accidents.
A typical GIS data acquisition project has three stages:

* Planning. In this stage you not only decide what information to
collect and where to find it; you also decide how to structure
the information in the database, and design the database if
necessary. Trimble software can produce a data dictionary
from your database definition; you can download the data
dictionary to an Asset Surveyor and use it to automate much of
the task of entering and validating data.

» Data collection. In this stage you use Series 4000 receivers,
Asset Surveyors, and other tools to acquire the data you need.

» Data analysis. In this stage you upload the collected data to a
computer, add it to the GIS database, and use it.
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This chapter provides a brief introduction to the concepts of GIS data
acquisition. It does not discuss GIS data-acquisition procedures in
detail because they are covered fully in@1& Surveyor System
Overview.See the bibliography in tiieeceiver Referender a

citation.

7.1 Summary of the Procedure

7-2

Position data.GIS data acquisition uses differential GPS to
determine the positions of objects. DGPS corrections may be
transmitted from the base station to the rover by radio to yield
position fixes in real time, or they may be postprocessed to compute
position fixes before data analysis. RTK may also be used to
determine positions, although it offers more limited support for
collecting feature data.

Feature data.Feature data (descriptions of geographic features)
generally is entered manually at the rover, and its structure depends
entirely on the needs of your application. This data customarily is
entered through an Asset Surveyor attached to the rover.

The Asset Surveyor is a handheld device with a full alphanumeric
keypad and expanded LCD display. It can be configured to prompt
you for the specific data items your application requires, and to
accept one-keystroke entries in yes/no and multiple-choice fields. Its
bar code reader can be used to read in selections from a pre-printed
sheet of more extensive attribute descriptions. These features make
an Asset Surveyor a much more efficient and reliable data entry tool
than a receiver alone.

RTK requires you to use a Survey Controller instead of an Asset
Surveyor. The Survey Controller uses the same hardware as the Asset
Surveyor, but its firmware is different; it lets you identify features by
feature codes (such as ‘FH’ for a fire hydrant), but it does not have

the Asset Surveyor's extensive data entry functions.
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7.2 Equipment and Software Require

GIS rovers and base stations are sold as complete kits (systems)
which contain all of the equipment and supplies you need. You can
also assemble your own systems by adding items to your existing
equipment.

For the base station, you need:

* A Series 4000 receiver. The recommended receiver is the GIS
Surveyor. Other appropriate receivers are listed in Tablel-4.

« A GPS antenna and antenna cable. The Compact L1 Antenna
is recommended.

e Atripod to support the GPS antenna.

For a permanent base station, the antenna may be pole-
mounted in an unobstructed place on the roof of a building.

e A suitable power source. Where line poweanailable, use an
OSM2, backed up by an uninterruptible power supply if
necessary. In other situations, use long-lasting batteries such as
Trimble's 10 AH battery packs, which last about 1 5hours per
charge.

« If rovers must compute position fixes in real time, a digital
radio transmitter or transceiver, a modem, and an antenna.

The modem may be integrated with the radio, or may be a
separate unit.

Trimble'sTRIMTALK 9 0 Otransceiver, while intended primarily
for RTK, may be used for DGPS operations at line-of-sight
distances in the United States and certain other nations.
Trimble also sells a radio modem for use with the
TRIMTALK 9 0 0 Trimble can recommend other radio
equipment for particular types of DGPS operations.

»  Cables for connecting the radio antenna to the radio, the radio
to the modem (if they are separate units), and the modem to the
receiver's serial port.
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A tripod or other suitable support for the radio antenna. The
GPS antenna's tripod i®t suitable, since the two antennas
should be separated by at least a meter or so.

If data will be logged directly to a computer, the computer, a
download cable, and a copy of URS for DOS.

For each rover, you need:

A Series 4000 receiver. If the rover will be used to compute
position fixes in real time, it must have the RTCM-104 Input
Option.

Note that the RTCM-104 Input Option is a prerequisite for the
Output Option, so any receiver equipped for use as a base
station may also be used as a rover.

The GIS Surveyor is the recommended receiver. Other
appropriate receivers are listed in Table 1 -4.

A GPS antenna and antenna cable. The Compact Dome
Antenna is recommended.

A suitable power source. Trimble recommends long-lasting
batteries such as Trimble's 1 OAH battery packs.

An Asset Surveyor (optional, but strongly recommended;
required for recording feature codes and attributes).

If the rover must compute position fixes in real time, a digital
communications receiver or transceiver, a modem, and an
antenna.

The modem may be integrated with the radio, or may be a
separate unit.

Trimble'sTRIMTALK 900 transceiver may be used; see the
discussion in the list of base station equipment, above.

Cables for connecting the radio antenna to the radio, the radio
to the modem (if they are separate units), and the modem to the
receiver's serial port.
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* Arrigid-frame backpack to carry the receiver and support the
radio antenna, and a rangepole to support the GPS antenna.

You will need the computer prograP®INDERfor project planning
and definition, downloading data dictionaries to an Asset Surveyor,
postprocessing DGPS data, and exporting data to a GIS.
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A Common Operations

A.1 Connectors and Cables

This section contains only information that is likely to be useful in
the field. For complete descriptions of the connectors and cables,
including pin-outs and electrical specifications, see Appendix A of
theReceiver Reference.

A.1.1 How to Supply Power to a Portable Receiver

Portable receivers can input power throughRY#R -- | /Oland
PWR 2&3(or POWER connectors.

OSM2. If line power is available, the receiver may be run from an
OSM2.

The OSM2's LEDs indicate its status:
* PWR(orangé AC voltage is applied.
*  FAST CHARGE(orangé: batteries are being bulk charged.

*  FLOAT CHARGE (green: batteries are at least 90% charged
and are being trickle-charged.
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Table A-1. Connectors on the Rear PanelConnectors

Portable Rack-Mounted
Receivers Receivers Function
— AC INPUT AC power input: 100/120/220/240 volts at

47-- 63Hz. Receiver must be configured for
the available voltage; see the Receiver
Reference for details.

PWR--IIO1 | — Serial port 1.

Power port 1; 10.75- -35VDC input or
12 VDC output.

/O 2 — Serial port 2 (ifTwo or Four Serial Port Option
is installed).

Power output with direct connection to power
lines on PW R-- I/O1.

PWR2&3or | — Serial port 3 (if Four Serial Port Option is
POWER installed).

Power ports 2 &3; 10.75-- 35VDC input or
12 VDC output on each port.

AUX — Serial port 4 (if Four Serial Port Option is
installed).

Event input (if Event Marker Input Option is
installed).

1 pulse/second output (if option is installed).
— 12 VDC IN 11 to 35VDC power input.
— DATA I/O PORT 1 | Serial port 1.

— DATA I/O PORT 2 | Serial port 2 (ifTwo or Four Serial Port Option
is installed).

— DATA I/O PORT 3 | Serial ports 3 & 4 (if Four Serial Port Option is
DATA I/O PORT 4 | installed).

A-2 Series 4000 Application Guide




A

Common Operations

Table A-1. Connectors on the Rear PanelConnectors (Continued)
— EVENT MARKER | Event mark input (if Event Marker Input
Option installed).
— 1 PPS OUT 1 pulse/second output (if option is installed).
ANTENNA GPS ANTENNA Antenna input.
EXT REF EXT REF External Frequency Input (if option is
installed).

The OSM2's four battery slots may be used to recharge camcorder
batteries, whether the receiver is operating or not. Plug the external
battery's standard cable into the OSM2's 5LERIO connector

instead of the receiver's connector. Batteries take about 8hours to
bulk-charge to 90% of capacity, and anothe r 8hours to trickle-charge
to 100% capacity. Batteries may safely be left on charge indefinitely.

If you plug a battery into the OSM2 and the green light immediately
appears, check the battery for a blown fuse.

Batteries. When a receiver is run on batteries, the batteries may have
to be changed during operation. To change batteries, simply plug a
fresh battery into the unoccupied power connector, then disconnect
the used battery.

If you are using camcorder batteries with a dual or quadruple battery
input cable, you can simply attach a new battery to an unused cable
clip, then unclip the used battery.

To get the most use possible out of an old battery, attach the new
battery and then check the m&tatusscreen periodically. The last
line of the screen will show you which power port the receiver is
using. For example this screen shows that it is using power port 2:
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The receiver continues using the old battery until its useful charge is
exhausted, then switches to the new battery. When theStetins

screen shows that the receiver has switched batteries, remove the old
battery.

This technique works with camcorder batteries even if you are using
only one battery input cable. The dual battery input cable attaches
one battery terminal 8BWR2and the other tBWR3 The quad cable
attaches one pair of terminals to each port.

Battery Module. This device holds two camcorder batteries, and
attaches to the bottom of a portable receiver. It is used primarily with
the 4000SE, 4000SSE, and 4000SSi, but is compatible with other
receivers as well.

To install the Battery Module, simply slide its plastic tabs into their
receptacles on the receiver and rotate the knurled knobs until snug.
The battery module automatically mates to the recei?g¥R 2&3
connector when attached. One battery feed®OWER 2port, and

the other feedBOWER 3 Thus the receiver runs off one until it is
exhausted, then automatically switches to the other.

To replace an exhausted battery, push the release button on the battery
case and tap the battery lightly. The exhausted battery should spring
out. Toinsert the new battery, slide it in until it clicks home. Be sure
that the + sign on the battery is oriented up as indicated on the case.
The battery will not slide in completely if not properly oriented.

Note that on receivers with the Four Serial Port Option only one
battery can be used, because serial /0 por t3 replacEOWER 3
port on the connector.

Changing fusesAll Trimble power sources except the Battery

Module have user-serviceable dual fuses. On battery-operated power
supplies, use 5-ampere ATO automobile fuses as replacements. For
AC power supplies, see the specifications printed on the back panel
of the device itself.
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When a fuse blows:
1. Find and correct the cause of the incident.
2. Inspecbothfuses, and replace either or both, as required.

The only “normal” cause of blown fuses is a short circuit caused by
an object other than a receiver; for example, by accidental contact
between the end of the cable and a conductor. If this is not the cause,
you must assume that the battery, cable, or receiver is malfunctioning.
You can identify the failing component by substitution (at the

possible cost of more blown fuses). The failing component must be
repaired before it can be used again.

In the OSM2 and in hard battery packs, the fuses are in a small
compartment in the case. Snap the compartment open to replace the
fuses. In soft battery packs, the fuses are in-line in the power cable,
near the battery terminals. Open the battery pack to reach them. All
power cables sold as separate products have dual in-line fuses.

A.1.2 How to Draw Power from a Portable Receiver

A portable receiver can sup ply 12VDC at 0.5ampere through/ports
O 2 (with the Two or Four Serial Port Option) BWR -- I/ O1.This

power output can be used to operate a low-power remote device such
as a remote display or a radio modem. The remote device must use a
soft-start sequence so that the initial current drain is not too large.
This technique may also be used to recharge batteries, but only if the
receiver is powered from a non-battery source such as an OSM2.

To enable power output:

1. ConnecPWR 2&3(or POWER to a power source.
2. DisconnecPWR -- I/ O1from any power source.
3. Connect the remote deviceltd 2 or toPWR -- 1 /01
4

From theControl menu, seled®OWER CONTROL Press the
CHANGE softkey to enable the power output.

Series 4000 Application Guide A-5




Common Operations A

5. Turn on the remote device.

Rack-mounted receivers can display B®VER CONTROLscreen,
but do not provide power output.

A.2 Connecting a Serial Port to Another Device

A-6

A21

All Series 4000 receivers have one or more serial ports which can be
used to exchange data with other devices such as computers, radio
modems, and navigation instruments. The connectors that attach to
each port are shown in Table A-1. With an appropriate cable (see
below), you use the same basic procedure to connect any receiver
port to any type of device.

Portable receivers.All available ports are presented through the
connectors on the back panel, as shown in Table A-1. The following
sections identify cables that you can use to attach these connectors to
standard serial devices.

The OSM2 provides serial output through a standard DE9S
connector. The connector presents serial po rtl if the OSM2 is
plugged intdPWRIf O1; it presents serial po rt3 if the Four Serial Port
Option is installed and the OSM2 is plugged iRWR 2&3 (or

POWER.

Rack-mounted receiversRack-mounted receivers present the serial
ports on four dedicated connectdsJA 1/O PORT 1throughDATA I/

O PORT 4 All four connectors are present on the rear panel whether
or not they are active. All four connectors are DE9S's in a standard
DCE configuration.

Choice of Data Cable

To connect a receiver to the 9-pin serial port connector on an IBM PC
or PC-compatible system, use the appropriate cable directly.
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To connect a receiver to a 25-pin serial port connector on an older
IBM PC or PC-compatible system, attach a 25- to 9-pin adapter to the
end of the cable.

To connect a receiver to a DCE device (such as most modems), attach
a null modem cable (Trimble part number 17202) to the end of the
cable.

Trimble recommends using the following standard cables:

»  For a portable receiver, Trimble part number 18826 connected
to PWRKO 1 (port 1) oPWR 2&3 (por t3), or Trimble part
number 18827 connected It® 2 (port 2) 0AUX (por t4).

* For a portable receiver attached to an Office Support ke
(OSM2) through the OSMZ2's data connector, Trimble part
number 14284 connected to the OSM2's serial port.

*  For arack-mounted receiver, Trimble part number 14284
connected to any availablATA I/O POR .

Note — When communicating with a device via the 4000A/S
compatible remote protocol, do not attach the device to a serial port
until you have configured the port's baud rate and data format. The
receiver may misinterpret data input through an unconfigured port as
a command, which could corrupt the internal database.

If you do make this error and the receiver locks up or behaves oddly,
turn the receiver off and back on. If that does not help, reset the
receiver's parameters to their factory default values. If the problem
still does not go away, cal Trimble Service.

A.2.2 How To Configure a Serial Port

To use one of the receiver's serial ports to transfer data between the
receiver and a computer or other device, you must configure that
port's parameters to match those of the corresponding port on the
other device.
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In general, there are no “correct” values for serial interface
parameters. It is only necessary that the two communicating devices
be set to the same values.

To use a serial port to do external data logging or to download data,
Trimble suggests a baud rate of 38,400 (or slower if the computer's
serial ports cannot be set that high), a data form at of 8data bits, odd
parity, 1 stop bit, and BLOW CONTROLSsetting ofXON/XOF .

How to set the parametersPress thCONTROL | key. From the
Control menu, press thdORE softkey until you see th@AUD RATE/
FORMAT softkey; then press thatkey.

The receiver displays this screen:

SERIAL FORT 1 SETTINGS MORE
BALUD RATE [ SEEE 1 < CHANGE

FORMAT [ 1 <=~ CHAMGE

FLOW COMTROL L ] <=~ CHANGE

Press thalORE softkey until the first line displays the desired port
number

Press eacbBHANGE softkey until the desired parameter value
appears. Then press flieEAR] key twice to return to the status
display.
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Table A-2. Serial Port Parameters

Port 1 Port 2 Port 3 Port 4

Baud Rate 110, 300, 600, 50, 110, 300, 600, | Same as | Same as

1200, 2400, 4800, 1200, 2400, 4800, | por t2 port 2

9600, 19,200, 9600, 19,200,

38,400, 57,600 38,400, 57,600
Data Format | 8,None,1 8,Even,1 | Any combination Same as | Same as
(data bits, 8,0dd,1 8,None,2 | of 7 or 8 data bits; | port 2 port 2
parity, 7,Even,1 7,0dd,1 even, odd, or no
stop bits) parity; 1 or 2 stop

bits
Flow XON/XOFF or XON/XOFF, CTS/RTS, | Same as | Same as
Control NONE Or NONE port 1 port 2
A.2.3 How to Use a Remote Protocol

A remote protocols a protocol (a system of rules) that remote
devices may use to control a receiver, or request information from it,
through a serial port.

Series 4000 receivers support two remote protocols:

*  DATA COLLECTOR COMPATIBLE Used by Trimble data
collectors and similar handheld data loggers, and for updating
receiver firmware from a computer. For information about this
protocol, see thé000SE/SSE RS-232 Interface Data Collector
Format Specifications Manual.

* 4000 A/S COMPATIBLE Used by certain older Trimble
application programs. See thdel 4000 Remote Control
Interface Manual.
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To select a remote protocolFrom theControl menu, select
REMOTE PROTOCOL The receiver displays this screen:

Press th€ HANGE softkey to toggle the remote protocol selected.

For information about what value to set, consult the other device's
documentation.

A.3 Setting the Power-Up Parameters to Their Defaults

It is often useful to return a receiver to a known state, either because
you know certain parameters have been changed, or because your
receiver is not behaving correctly and you want to eliminate changed
parameter settings as a possible cause.

There are two ways to reset a receiver to a known state: by using the
DEFAULT CONTROLSscreen to reset the receiver immediately, and

by using theeOWER-UP CONTROIlscreen to make it reset itself
automatically each time it is turned on. Both techniques reset a group
of parameters called tip@wer-up parameterd.hese include most of

the parameters that can affect a receiver's performance.

To reset the receiver immediatelyFrom theControl menu, select
DEFAULT CONTROLS The receiver displays this screen:

ARE YO SURE 7
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Press th&rES softkey. The receiver resets the power-up parameters
and restarts itself (as if it had been turned off and back on).

To make the receiver reset controls when turned orisrom the
Control menu, seledPOWER-UP CONTROLThe receiver displays
this screen:

FOMER-UF IHMITIALIZATION COMTROL

CCOMTROLE 1 <—— CHANGE

Press the€ HANGE softkey to make the third line sayEFAULT
CONTROLS.

List of power-up controls. The power-up controls are:

CYCLE PRINTOUT parameters

MASKS/SYNC TIME parameters (not Quick Start, FastStatic or
Kinematic parameters)

NMEA-183 OUTPUTparameters

1 PPS OUTPUT

POSITIONING MODES éxcluding weighted solution mode)
POWER CONTROL

REMOTE PROTOCOL

RTCM-104 INPUTparameters

IGNORE SV HEALTH (for positioning)

L1 TRACKING (receivers with L1/L2 P-Code Option only)

Note that the following parameters algvaysreset at power-up,
regardless of howOWER-UP CONTROLs set:

RTK OUTPUT CONTROL (except after power-fail)
RTK ROVER CONTROL (except after power-fail)
BACKLIGHT TIMEOUT

L2 Tracking (receivers with L1/L2 P-Code Option only)
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A.4 Configuring Single or Dual-Frequency Operation

Receivers that have the L1/L2 P-Code Option and the Dual
Frequency Option may be configured for single-frequency operation
(L1 only) or dual-frequency operation (L1 and L2). This includes all
dual-frequency receivers except the 4000SE Land Surve yorlID.

Either configuration is acceptable for single-frequency procedures.
Single-frequency operation logs a smaller volume of data, and so is
preferred if you are concerned about running out of memory in the
receiver.

A receiver must be configured for dual-frequency operation when it is
used for dual-frequency procedures. The dual-frequency procedures
are dual-frequency static surveying and Real-Time Kinematic (RTK)

with automatic initialization.

Configuring the receiver.You configure the receiver for single or
dual-frequency operation with ti@ontrol menu's.1/L2 TRACKING
screen.

1. From theControl menu, seledt1/L2 OPERATION The
receiver displays a screen like this:

Note — The above display refers to the 4000SSi. For the 4000SSE,
the labelP,Y-code is substituted by P,X-code. These refer to
equivelent L2 tracking modes between receiver types.

For single-frequency operation, | inel should §8-CODE
and line 2 should se4SABLED.
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For dual-frequency operation, lin el and line 2 should both appear as
above.

2. Pressthel TRACKING andL2 TRACKING softkeys, if
necessary, until lin esl a nd2 display the proper values.

A.5 Entering Supplementary Data

“Supplementary data” is datdherthan satellite data or computed
data that may be recorded in a data file. It includes:

* Event marksserial-numbered, time-stamped records in a data
file.

« Event mark commenté&iphanumeric messages associated
with event marks.

» Field notes:Alphanumeric messages associated with a survey
or data logging session as a whole.

e  Surface meteorological dat@ata that describes surface
meteorological conditions at the time and place data is logged.

All types of supplementary data may be entered only while data is
being logged.

To get ready to enter any type of supplementary data:

1. While starting a static survey or data logging sessiomfter
you enter the antenna information, the receiver displays this
screen:
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2.

While performing a static survey or data logging session.

Presdl OG|[DATA], if necessary, to display tIBJRVEY screen.

While performing a FastStatic or kinematic survey.Return

to the surveying procedure's main information screen, if
necessary. The screen will resemble this one (an example from
the FastStatic surveying procedure):

e om b § g omLeme op @ fom. pu oo omo |
§BEE P =i P OF Feilm §REaE B B
QUL BEY WY W S SR A Lt R Yo o I e

Press théNPUT/CHNGSsoftkey. The receiver will display a
screen similar to this one:

A-14
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4. Press th&SER INPUTsoftkey. The receiver will display a
screen similar to this one (an example from the static surveying
procedure):

EYETA TN TR
e | F et e e § it B f e
[ LN Tl e | B EE femt B o B

Proceed to the directions for entering the type of supplementary data
of interest to you.

A.5.1 How to Enter Event Marks and Comments (Only with
Event Marker Input Option)

An event mark records the precise time when a particular events
occurred. It can be generated by an electrical signal, as from the
closing of a photogrammetric camera's shutter, or by input through
the receiver's keypad. Keypad input is usually reserved for unusual
events, such as an accident that may have affected a receiver's
satellite tracking during a survey.

Event mark comments are alphanumeric notes associated with
particular event marks. to record information in the course of a
survey. For example, if you enter an event to record an instance of
interference with a receiver's satellite tracking, you can enter a
comment that describes the cause of the interference.

To create an event mark and enter a comment

1. Display thdNPUTSmenu as explained in “Entering
Supplementary Data,” above.

2. Press th#lARK EVENT NOW! softkey. This creates an event
mark, time stamped with the precise GPS time at which you
pressed the key. The receiver displays a screen thatiEstys
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EVENT MARK ENTEREDand shows thevent mark's ID. Press
the[Cl EAR] key to return to th&#SER INPUTmMenu.

3. Press th&VENT MARK COMMENTS softkey. The receiver
displays this screen:

The first line shows the ID of the last event mark created. You
can select a different event mark by pressing\NtheT ID and
PREV ID softkeys.

4. When the first line shows the ID of the event mark for which
you want to enter a comment, pré&$TER]. The receiver
displays this screen:

5. Enter a comment up to three lines long. IfAb&HA softkey
is available, you must press it to enter alphanumeric mode if
you want to enter an alphanumeric comment.

6. When the comment is complete, pr@SEEPToOr [ENTER]. The
receiver returns to th&lPUTS menu.

To enter a comment for an existing event marki-ollow the
procedure above, but skip ste p2 (pressingk EVENT NOW!).
Select the appropriate event mark in step3.

You can enter any number of comments for a single event mark.
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Note that you cannot edit or delete a comment once you have
accepted it.

A.5.2 How to Enter Field Notes

Field notes are notes that are associated with a survey or other data
logging session as a whole. They are time-stamped, however,
enabling postprocessing software to associate each one with the part
of the survey during which you entered it. They are useful for
entering information such as descriptions of survey marks.

To enter a field note:

1. Display thdNPUTSmenu as explained in “Entering
Supplementary Data,” above.

2. Press th€IELD NOTES softkey. The receiver displays this
screen:

[ ————— 18 e
fm P E=i R I e
LI ) ey W FEoe § het B

3. Enter afield note up to three lines long. If tiHA softkey
is available, you must press it to enter alphanumeric mode if
you want to enter an alphanumeric note.

4. When the field note is complete, pre€sCEPTor [ENTER].
The receiver returns to thePUTS menu.

You can enter any number of field notes for a session. Note that you
cannot edit or delete a field note once you have accepted it.
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A.5.3 How to Enter Surface Meteorological Data

Surface meteorological data describes surface meteorological
conditions at the time and place where a survey or other data logging
session takes place.

To enter surface meteorological data:

1. Display thdNPUTS menu as explained in “Entering
Supplementary Data,” above.

2. Press thSURFACE MET DATA softkey. The receiver displays
this screen:

The lines on the screen show:

Line 2 - Dry and wet temperatures.

Line 3 - Atmospheric pressure.

Line 4 - Relative humidity and NGS standard weather code.
3. Enter appropriate values in the fields.

The UNITS softkey toggles the display between metric units
(temperatures in Celsius, pressure in millibars) and English
units (temperatures in Fahrenheit, pressure in inches of
mercury).

You can change the sign of the wet or dry temperature by
placing the cursor at the sign and pressing\thed] key (for
“minus”) or the[+0] key (for “plus™). Note that this is different
from most other signed fields, which expect you to press a
PLUS/MINUS softkey.
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4. To leave the screen, préBSTER] until the cursor is at the last
field, then press it once more. The receiver returns to the
INPUTS menu.

A.6 Adjusting Local Time Zone and Time Displays

A.6.1

You can adjust the displayed time, set the time zone identifier to suit
your locality, and select the format of date and time displays.

Local Time Zone and Time Offset

The receiver's local time is equal to UTC plus or minus a local time
offset that you can change in 15-minute increments. You cannot “set
the time” as you would on a clock, since the receiver synchronizes
itself to GPS time whenever it is tracking one or more satellites.

Press th¢CONTROL | key. From theControl menu, press thdORE
softkey until you see theDJUST TIME ZONESsoftkey; then press that
key.

The receiver displays this screen:

AGTUST LOCZAL TIME:

Press th&ORWARD or BACKWARD softkey until the correct local
time appears on the second line.

Use the keypad to change the time zone identifier. It is always entered
in alphanumeric mode.

PresgdENTER] to accept any changes you have made and leave the
screen. Then pregd EAR] to return to thé&tatusdisplay.
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A.6.2 Time Display Format

To select the time display format, press[8IA&TUS] key, then the
DATE softkey. The receiver displays this screen:

T N
'l - I g
EO I N T S A ]

Pioas 8k

Press th&NITS softkey to select the time display format. Possible
formats are:

«  Twelve hour local timee.g.,'2:33:0 9PM PST'.

e Twenty-four hour local timee.qg.,'14:33:09PS T/24'.

e Twenty-four hour UTCeg.g.,'21:33: 09UTC".
PresqCl EAR] to return to thétatusdisplay.

A.7 Using Local Datums and Projections

A-20

Series 4000 receivers customarily produce position fixes in the
WGS-84 datum. This datum is the current international standard for
global mapping and positioning applications.

Local mapping applications customarily useal datumswhich are
defined to correspond more closely to the surface of the earth in the
region of interest. They may also use projections of a local datum
onto a plane. Such a projection is callddcal zoneln a local zone,
positions are customarily described byaathing and areasting:the
distance north and east from a specified origin to the position of
interest.
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Receivers also can display positions in a local datum and local zone
of your choice, as described in the section DisplayingYour Position
in Chapter 6. Théocal Datum/Zone Posycle printout makes these
positions available outside the receiver, as described Rebeiver
Reference.

Displaying data in a local datum or zone does not affect other
receiver functions, which continue to use the WGS-84 datum. For
example, logged position fixes and positions in other cycle printouts
are always expressed in the WGS-84 datum.

A.7.1 How to Select a Local Datum or Local Zone

You can select one local datum and one local zone (one projection of
a local datum) at a time. The selected local zone is customarily, but
not necessarily, a projection of the selected local datum.

You select a local datum and local zone by running the progra
DATM4000 on a personal computer that is connected to one of your
receiver's serial ports. This program is describeéaaal Datum and
Zones Option: Software Release Notes.

You can make your receiver display position fixes in the selected
local datum or local zone by choosidyITS OF MEASURErom the
Modify menu. The receiver displays a screen similar to this:

Press theOSITION.. CHANGE softkey to select the desired type of
position display:

e WGSS84 LLH: Latitude, longitude, and height in the WGS-84
datum (the receiver's standard datum).

* Local LLH: Latitude, longitude, and height in the local datum.
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* Local NEH: Northing and easting in the local zone. (The
displayed height is the local datum height.)

A.8 Using and Caring for an Antenna

A-22

The following sections discuss the types of Trimble GPS antennas
and antenna accessories that are commonly used with Series 4000
receivers.

Many of the antennas described here ligwandplanesiarge metal
plates that surround an antenna's base. Figure A-1 shows a typical
antenna with groundplane.

A groundplane reduces the multipath effects caused by the reflection
of satellite signals off the ground, yielding cleaner data. It also
provides reference points that are used in the procedures for
measuring antenna height. Antennas with groundplanes are intended
mainly for high-precision control surveys.

A.8.1 Tripod with Tribrach

A tripod with tribrach and optical plummet is the standard type of
support for antennas used in control surveys, and for all types of
antennas at temporary base stations. Trimble sells a tripod and a
tribrach with optical plummet, but any equipment intended for
surveying applications may be used.

Setup. This procedure ensures that the antenna is positioned directly
over the survey mark, and that its height is measured accurately

1. Setup the tripod over the survey mark.

The top of the tripod should be roughly at eye level. This
makes it easier to adjust, and also reduces the risk of signal
interference from near-by objects.

Series 4000 Application Guide




A Common Operations

The antenna, when mounted, must have a clear line of sight to
the satellites it will track during the survey. For suggestions on
dealing with marginal visibility, see the section Entering
Antenna Parameters.

2. Screw the tribrach base onto the tripod.

3. Use the optical plummet as a guide to center the tribrach over
the survey mark. Level the tribrach. Check the optical plummet
to be sure the tribrach is still centered; if it is not, recenter it
and relevel it. Continue to check and adjust until the tribrach is
both centered and leveled.

4. If you are using a procedure that requires a quick-release
adapter, screw the quick-release adapter onto the antenna, and
the quick-release bayonet on the tribrach adapter. Seat the
adapter on the tribrach base and clamp it in place. Snap the
quick-release adapter into the bayonet.

The section Quick-Release Adapter and Bayonet describes the
guick-release adapter and bayonet in more detail.

5. If you are using a procedure that does not require a quick-
release adapter, screw the antenna directly into the tribrach
adapter. Seat the adapter on the base and clamp it in place.

6. Connect a receiver to the antenna and to a battery pack or other
power source.

Measuring antenna height directly.This procedure measures the
uncorrected height of an antenna.

An uncorrectecheight is a height measured by a specified procedure,
such as the one described below. The uncorrected height must be
converted to a corrected (true) height through a formula matching the
procedure and the equipment being used. Trimble postprocessing
software can perform this conversion automatically.
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This procedure is suitable for any antenna that has a groundplane, and
for certain other antennas such as the Compact L1/L2 antenna. The
discussions of individual antennas, later in this section, specify the
correct procedure for each type of antenna.

By recording your antenna height measurements in full detail, you
minimize the risk of error. Experience has shown that inadequate field
notes are one of the most common sources of lost survey data.

1. Ifthe antenna has a groundplane with a north arrow, rotate the
antenna until the arrow points toward true north.

2. Draw an overhead view of the antenna, including the north
arrow, in your field notes. Identify the survey measurement
that this drawing represents and the type of height
measurement you are taking (an uncorrected measurement).
Note the type of antenna you are using.

3. Assemble a Trimble measuring rod. Move to the north side of
the antenna and put the pointed end of the rod on the center of
the survey mark. Slip the rod into a notch in the groundplane or
antenna where you can measure without interference from the
tripod legs, and read the antenna height at the inside bottom
edge of the notch. Note the notch number and height
measurement on your drawing.

4. Go a third of the way clockwise around the antenna. Measure
the antenna height again and record the notch number and
height. Go another third of the way around, and measure and
record the notch number and antenna height a third time.

5. Your three raw measurements should agree within about 5 mm.
If they do not, repeat all three measurements. If they still do
not agree, recenter and relevel the antenna and try again.

6. Record the average of the three raw measurements. This is the
antenna'sincorrectedheight.

It is good practice to measure the antenna height twice, by different
methods, to catch measurement or calculation errors in the field. If
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there is cause for concern that the tripod may have shifted during the
observation, it is also prudent to re-measure the antenna height at the
end of the observation. Two possible procedures are:

* Repeat the measuring rod procedure above, using the other unit
of measure on the measuring rod. That is, if you took the first
measurement in English units, use metric units; if you took the
first measurement in metric units, use English. Convert one
measurement to the units of the other. The two measurements
should agree within 5 m m.

* Measure the corrected antenna height, using either of the two
procedures described below. Remember that corrected
measurements are usually less accurate than uncorrected
measurements, and should not be expected to agree within
5 mm.
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Figure A-1. Measuring Uncorrected Antenna Height Directly
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Measuring antenna height indirectly. This procedure actually
measures the diagonal distance from a reference point on the tripod
head to the reference mark beneath the tripod. It can be used with any
type of antenna, including some whose height cannot be measured
directly, such as the Compact Dome Antenna. The procedure is more
time-consuming and less accurate than the direct method described
above, though. Therefore it is not recommended for high-precision
surveys or for antennas with groundplanes, except as an independent
check for a direct height measurement.

1. Center and level the tripod head within the tolerances of your
survey and the surveying procedure you anegus

2. Locate a reference point on the tripod head or tribrach. The
reference point should have a clear line of sight to the reference
mark beneath the tripod. (See Figure A-2.)

Note that you can perform this step and the next one in the
office, and need not repeat them for each height measurement.

3. Measure and record the horizontal distance from the reference
point to the vertical axis of the anteni@ (n Figure A-2) and
the vertical distance from the reference point to the platform of
the tripod head or tribraclC(in Figure A-2).

4. Draw a side view of the antenna and tripod in your field notes.
Identify the observation that this drawing represents and the
type of height measurement you are taking (an indirect,
uncorrected measurement). Note the type of antenna you are
using, and show the location of the reference point you have
chosen.

5. Use a measuring rod to measure the diagonal distance from
your reference point to the reference maiki( Figure A-2).
This is the antennagcorrectecheight. Record it in your field
notes.
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Use the Pythagorean theorem to compute the height of the
plane of the reference point above the reference mark.

HZ = H2 + C2

HZ2= JH’-C;

The antenna's corrected height is the suh,of,, the height
of the quick-release adapter and bayonet if they are present,
and the antenna's correctidi,), given in Table A-3:

Hc = Hv+Cv+10.0cm+ ¢ (with quick-release)

Hc = H,+C,+C, (without quick-release)
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Figure A-2. Measuring Antenna Height Indirectly
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A.8.2

A.8.3

Phase center error.Note that an antenna's phase center often is not
coincident with its physical center. This is due to electrical effects of
the antenna'’s casing and active elements. The error is on the order of
+3 mm; for high-precision surveys, it can be significant. To cancel its
effects, use the same type of antenna on all receivers an orient them
all in the same direction. (The Compact L1/L2 Antenna with
groundplane may safely be used with a L1/L2 Geodetic Antenna,
though.)

Care. The optical plummet is designed to be rugged, but it is also a
precision instrument. It should be realigned periodically by a shop
equipped to test and repair surveying equipment.

Fixed-HeightTripod

Fixed-height tripods are becoming popular because they simplify the
height measurement process. Such a tripod has a fixed-height
measuring rod fixed on the vertical axis. To set one up, you simply
place the tip of the measuring rod on the mark and release the tripod's
legs, which automatically extend to the ground. Then adjust the
tripod until the measuring rod's built-in level shows that it is vertical,
and lock the legs in place.

Measuring antenna height.The height of the antenna is the sum of
the tripod's height (in most models, 2 .0meters) and the antenna's
vertical correction as given by Table A-3. This isoarectedheight.

Rangepole

The Trimble rangepole is the recommended support for rover
antennas in operations with moderate precision requirements and
short to moderate observation times.
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Setup.

1. If you are using a data collector (an Asset Surveyor, Seismic
Controller, or Survey Controller), slip the data collector
bracket over the upper shaft of the rangepole. (The shaft must
be at least partly extended to allow this.)

The bracket has two parts: a slide that goes over the rangepole
shaft and a plate that holds the data collector. If the slide and
plate are not assembled, loosen the screws on the side of the
slide, slip them into the slots in the edge of the plate, and
retighten them.

2. If you are using the quick-release adapter and bayonet, screw
the bayonet onto the rangepole and the adapter onto the
antenna. Seat the adapter on the bayonet. This is the customary
way to mount an antenna on a rangepole.

3. Ifyou are using the rangepole alone, screw the antenna onto
the rangepole. This setup is equally suitable for most types of
surveys, although it is somewhat less convenient.

Connect the receiver to the antenna and to a battery pack or
other power source.

4. Extend the rangepole fully. Note the mark that runs part way
around the rangepole's upper shaft, just above the rim of the
lower shaft. Let the upper shaft drop until the top edge of this
mark is level with the rim of the lower shaft, then lock the
rangepole. You can check the rangepole for partial collapse at
any time by verifying that this mark is still visible.

5. If you are using a data collector, pull the data collector bracket
down to a convenient height. Slip the data collector's mounting
clips over the bracket's plate.

Use.To survey a mark, place the base of the rangepole on the mark
and hold the rangepole steady, in a vertical position, for the duration
of the observation. Use the rangepole's level to maintain it in a
vertical position.
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You may steady the antenna and free your hands for other work by
extending the rangepole's optional tripod support. (Early versions of
the rangepole have a bipod, which provides three-point support in
conjunction with the tip of the rangepole itself.) When you must let
go of the rangepole you should use the support with care, since a
rangepole with support is less stable than a real tripod under the best
of conditions.
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Quick Release

Level & Extension Clamp

Figure A-3. Rangepole with Support and Antenna
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Measuring antenna height.The current Trimble rangepole is 2.4
meters high. It replaces an earlier rangepole, which w as 2.0meters
high. Thus the uncorrected height of any antenna mounted on
correctly extended rangepole is:

e Current rangepole: 2.500 m with quick-release adapter and
bayonet; 2.4 00m without.

» Original rangepole: 2.10 Om with quick-release adapter and
bayonet; 2.0 00m without.

The antenna's corrected height is the sum of the uncorrected height
and the antenna's correction factor, shown in Table A-3.

Care. The points at the bottom of the rangepole and the legs of the
support may be replaced when they become worn or damaged.
Although Trimble does not stock replacement rangepole points, they
are standard items and should be available from any supplier of
surveying equipment.

Table A-3. Correction Factors for Antenna Height

Correction to height as measured

from—
Base of housing Bottom of
Type of antenna (C,, Figure A-2) groundplane
Compact Dome 0.0700m | 2.76" n/a n/a
Compact L1/L2 with or without 0.0625m | 2.46" | 0.006 9m | 0.272"
groundplane
Compact L1 with or without 0.062 5m 2.46' 0.006 9m | 0.272"

groundplane
Permanent Reference Station L1/L2 0.066 5m 2.62" 0.006 9m | 0.272"

L1 Geodetic 0.066 Om | 2.60" | 0.006 3m | 0.248"
L1/L2 Geodetic 0.069 2m | 2.72" | 0.009 5m | 0.374"
L1/L2 Kinematic 0.069 2m 2.72" n/a n/a
4000ST and SST Kinematic 0.051 7m | 2.04" n/a n/a
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A.8.4 Quick-Release Adapter and Bayonet

The quick-release adapter and bayonet (Figure A-4) make it easy to
attach and detach an antenna without disturbing its support. They are
a convenient means of attaching an antenna to a rangepole. They are
also used with a tripod in procedures that require moving the antenna
from one support to another, such as initialization by antenna
swapping in a kinematic survey or an RTK survey.

In use, the quick-release bayonet is screwed onto a support and an
antenna is screwed onto the adapter; then the adapter is snapped onto
the bayonet. In storage, the bayonet often is screwed into the adapter
to prevent them from accidentally separating. To set up an antenna,
unscrew the bayonet from the adapter and reverse their positions.

Engage the adapter with the bayonet, press the release lever on the
adapter and slip it over the bayonet. To disengage the adapter, press
the release lever and lift.
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Figure A-4. Quick-Release Adapter and Bayonet

A.8.5 Magnetic Mount

The magnetic mount (Figure A-5) is a disk-shaped device for
temporarily attaching an antenna to a ferrous surface. It is most often
used to attach a rover's antenna to the body of a car or truck.
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The magnetic mount is intended for use in applications where
accurate height measurements are not important, and it is convenient
not to have to set up a tripod or rangepole for each observation. GIS
data acquisition and RTK surveying are common examples. If you
leave the antenna mounted on your vehicle for the duration of a
survey, you can make observations without getting out.

Setup. Attach the magnetic mount to a part of your vehicle's body
where it will have an unobstructed view of the sky. A flat, roughly
horizontal place on the roof is usually best. Screw the antenna onto
the magnetic mount's threads.You may use a quick-release adapter
and bayonet if your application requires it.

Use the magnetic mount only with a light antenna. A heavy one could
shake loose when you travel over rough terrain, causing damage to
both the antenna and your vehicle. The Compact Dome Antenna is
the lightest antenna that works with the Series 4000, and is the most
appropriate one for use with the magnetic mount.

Use.Since the antenna tends to be “out of sight, out of mind,” you
must be careful to stay aware of the antenna's visibility.

Care. When you handle and store the magnetic mount, keep it away
from computer disks, credit cards, and other objects that may be
damaged by its strong magnetic field.

R

Figure A-5. Magnetic Mount
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A.8.6 Backpack Antenna Mount

The Backpack Antenna Mount is supplied with the light-weight
backpack. It is a short rod with one threaded end which enables you
to mount a GPS antenna on the backpack, so that you can transport
and use the antenna without touching it.

The Backpack Antenna Mount is appropriate for autonomous
operations and for medium-precision GIS data acquisition, where
antenna height does not need to be measured or reproduced precisely.

The mount is also used to support a radio antenna in real-time
operations such as RTK surveys.

Setup. Snap the Backpack Antenna Mount into the pair of clips on
either side of the backpack frame. Screw an antenna onto the threads
at the top of the mount. Or screw a quick-release bayonet onto the
mount and use a quick-release adapter to mount the antenna.

A.8.7 Antenna Cables

For antenna cable lengths of 35feet ( 10meters) or less, RG-58 cable
may be used. For cable lengths over 35feet, RG-213 cable must be
used. For cable lengths over 100 feet (3 Ometers), an in-line amplifier,
semi-rigid coaxial cable, or other low-loss cable assembly must be
used. See the table of accessories and spare parts in your receiver's
User Guidefor specifics.

A.8.8 Compact Dome Antenna

The Compact Dome Antenna is a light-weight single-frequency
antenna intended mainly for use on rovers. It is fully weatherproof,
making it particularly suitable for marine applications (although not
for airborne applications). It is appropriate for the static, kinematic,
and RTK surveying procedures.

Setup and height measurementJse the procedures described in
the sections Tripod with Tribrach and Rangepole.
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Since the antenna has no groundplane, you must measure its
corrected height when it is mounted on a tripod. This limits the
accuracy of the height measurement. For that reason, among others,
this antenna is not recommended for control surveying applications
with high precision requirements.

Care. The Compact Dome Antenna is fully weatherproof, and
requires no maintenance. It is designed for field use under rough
conditions, but it is a precision instrument; treat it with reasonable
care.

Figure A-6. Compact Dome Antenna
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Figure A-7. Modular Antenna
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A.8.9 Modular Antenna

The Modular Antenna is a single-frequency antenna intended for use
in static surveys only. It is used primarily with the 4000SE, butis
compatible with other receivers as well.

The Modular Antenna is designed to be mounted directly on a
portable receiver, which is mounted in turn on a tripod and tribrach.
The antenna, receiver, and tripod form a single unit which is easier to
carry and set up than a separate antenna/tripod and receiver would be.
This antenna can be used only in conjunction with a Battery Module,
which is involved in the procedure for measuring antenna height.

Setup.
1. Setup the tripod over the survey mark.

The top of the tripod should be roughly at eye level. This
makes adjustment easier, and also reduces the risk of signal
interference from near-by vehicles, your head, or other objects.

The antenna, when mounted, must have a clear line of sight to
the satellites it will track during the survey. For suggestions on
dealing with marginal visibility, see the section Entering
Antenna Parameters.

Mount the tribrach base on the tripod.

3. Use the optical plummet as a guide to center the tribrach base
over the survey mark. Level the tribrach. Check the optical
plummet to be sure the tribrach is still centered; if it is not,
recenter it and relevel it. Continue to check and adjust until the
tribrach is both centered and leveled.

4. Attach the Modular Antenna to the top of the receiver, the
Battery Module to the bottom of the receiver, and the tribrach
adapter to the bottom of the Battery Module.
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The Battery Module and Modular Antenna each have tabs that
slip into slots behind the receiver's front panel. When one of
the units is correctly seated, the two setscrews on the back may
be tightened to hold it firmly in place. Its electrical connectors
automatically make contact with the appropriate ports on the
back of the receiver.

5. Seat the tribrach adapter on the tribrach base and clamp it in
place.

Height measurement.

Pull the measuring tape down from the back of the Modular Antenna.
With a slight twisting motion, thread it through the guides on the
back of the Modular Antenna and on the back on the Battery Module.

To measure the antenna's height, pull the antenna tape down to the
survey mark. Read the antenna height at the lower edge of the
antenna guide on the bottom of the Battery Module. (See

Figure A-7.) This is the antennaiscorrectedheight.

A.8.10Compact L1/L2 Antenna

This antenna is intended for use in all types of surveys, but
particularly surveys that require dual-frequency operation, such as
FastStatic surveys and long-baseline static surveys. It can be fitted
with a groundplane for control surveys and other projects where
multipath interference must be minimized, or it can be used without
the groundplane for mounting on a rangepole.

Attaching the groundplane.The antenna and groundplane are held
together by eight setscrews on the underside of the groundplane.

To attach the antenna to the groundplane, seat it in the hole in the
groundplane's center. Note the post in one corner of the mount hole
near the north arrow; it fits into a hole on the base of the antenna, so
that the antenna will fit in only one orientation.
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When the antenna is properly seated, tighten one setscrew on each

side; then tighten the other setscrew on each side.

Setup and height measurementJse the procedures described in

the sections Tripod with Tribrach and Rangepole.

Note that the antenna itself has notches that may be used for
measuring antenna height by the direct method when the groundplane
is not being used. The dimensions of the antenna and of the
groundplane are printed on the groundplane, enabling you to compute

the antenna'’s corrected height yourself whether or not the

groundplane is attached.

Figure A-8. Compact L1/L2 Antenna with Groundplane

Figure A-9.
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Compact L1/L2 Antenna without
Groundplane

A-43




Common Operations A

Care. The antenna contains a desiccant pack to absorb moisture
inside the unit. The desiccant pack screws into a plug which, in turn,
screws into the base of the antenna.

There are several indicator dots (30%, 40%, 50%, and 60%) on the

face of the desiccant pack. When the 50% dot changes from blue to
pink, the desiccant must be replaced. You can obtain a replacement
kit containing two new desiccant packs by contacting an authorized

Trimble representative or the Trimble Service Department.

Note — Failure to replace a desiccant pack when the 50% dot
changes to pink may result in damage to the antenna.

To replace the desiccant pack, unscrew the plug. Holding the plug
face up, screw the old pack out of the plug and screw a new one in.
Then screw the plug back into the antenna.

You may also dry and reuse the desiccant. Unscrew the plug from the
antenna base and unscrew the desiccant pack from the plug, as above.
Set aside the indicator card. Pour the desiccant onto a platter and dry
it in a 300°F (140°C) oven for several hours, until its color changes
from pink to blue. Let the desiccant cool, pour it back into the pack,
reinsert the indicator card, and put the pack back into the antenna.
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Note — Heat the desiccant only. The desiccant pack's plastic parts will
melt if it is heated.

A.8.11Compact L1 Antenna

This antenna is intended for use in all types of single-frequency
surveys. It is mechanically identical to the Compact L1/L2 Antenna,
but it has a single-frequency receiving element. Like the Compact L1/
L2 Antenna, it is available with or without a removable groundplane.
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All of the comments on use and care of the Compact L1/L2 Antenna
apply to this antenna as well.

A.8.12Permanent Reference Station L1/L2 Geodetic
Antenna

This antenna is electrically identical to the Compact L1/L2 Antenna,
but is designed for permanent installation at sites that may be subject
to hostile weather conditions. The groundplane is more heavily built
and is permanently attached.

Setup and height measuremengor tripod mounting, use the
procedures described in the section Tripod with Tribrach. For
permanent mounting, measure antenna height by any appropriate
method, such as measuring a baseline to another point whose
coordinates are known.

Care. See the discussion of the Compact L1/L2 Antenna, above.

A.8.13L1 Geodetic Antenna

This antenna is a predecessor to the Compact L1 Antenna. Itis a
high-precision microstrip antenna with groundplane for single-
frequency static surveying.

Setup and height measurementJse the procedures described in
the section Tripod with Tribrach.

Care. See the discussion of Compact L1/L2 Antenna, above.
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A.8.14L1/L2 Geodetic Antenna and L1/L2 Kinematic
Antenna

These antennas are predecessors of the Compact L1/L2 Antenna with
groundplane. Both are dual-frequency antennas. The L1/L2 Geodetic
Antenna has a permanently attached groundplane; the L1/L2
Kinematic Antenna has no groundplane. The two are otherwise
identical.

Setup and height measurementlhis antenna is customarily

mounted on a pole attached to a permanent structure such as a
building. Its height is measured by any sufficiently accurate method
such as direct physical measurement or triangulation. Measure the
height according to the antenna's base and add the correction shown
in Table A-3.

The procedures described in the sections Tripod with Tribrach and
Rangepole may also be used.

Care. See the discussion of the section Compact L1/L2 Antenna,
above.

A.8.154000ST and SST Kinematic Antenna

This is a single-frequency antenna intended primarily for kinematic
surveys. Itis a predecessor of the Compact L1/L2 Antenna without
groundplane.

Note — This antenna is physically very similar to the L1/L2 Kinematic
Antenna described above. It can be distinguished by the location of
the antenna cable connector: on the side of the L1/L2 Kinematic
Antenna, and on the bottom of the 4000ST and SST Kinematic
Antenna.

Setup and height measurementJse the procedures described in
the sections Tripod with Tribrach and Rangepole.
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Care. See the discussion of the Compact L1/L2 Antenna, above.

A.9 Site Preparation and Planning

If at all possible, plan the survey for a time when you will have
continuous access to at least one satellite above the minimum
required by the procedure you are performing. Two satellites above
the minimum is better; three or more is even better. A reasonably low
PDOP (no higher than 7, ideally 5 or less) is also important. Trimble
produces two computer software packages, Plan and QuickPlan,
which can help you predict satellite availability. Their features are
similar except that Plan maintains a database of satellite availability,
and QuickPlan does not. Both are available as components of the
GPSurvey postprocessing package; QuickPlan is also available as a
separate product.

When you visit a site to prepare for a survey, look for obstructions
that could cause loss of lock. Poles or cables thicker than ab out 2cm
(%.") are liable to cause trouble; so is vegetation too thick to pass
sunlight.

Note that solitary or widely spaced poles and cables are unlikely to
cause problemi§ several satellites more than you need are available.
Such obstructions will rarely block signals from more than one or
perhaps two satellites at a time.

Remember that obstructions tend to cause loss of lock when they pass
between an antenna and a satellite, not necessarily when they hang
overhead. If the elevation mask is set at 15°, any obstruction whose
elevation exceeds 15° is potentially a problem. In borderline cases,
satellite elevation plots can help you identify obstructions that are
liable to cause trouble.
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If you are conducting a kinematic or RTK survey, for which rovers
must maintain continuous lock, take care to avoid loss of lock while
moving from mark to mark. If the most logical path between two
marks passes too near an obstruction, note that fact during site
preparation and find an alternate route. If the obstruction may prove
impossible to avoid, prepare a reference mark where the rover can be
reinitialized if necessary.

Site base stations with particular care. If a base station loses lock the
survey will be invalidated, and if the station is unattended you may
not even know there is a problem until you try to posigsegour

data.

A.10 Entering Antenna Parameters
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Many procedures require you to enter antenna parameters: antenna
height, antenna type, etc.

Some procedures automatically prompt you to enter antenna
parameters. In these cases, start the procedure below at the
appropriate step. In other cases, start the procedure at the beginning.

To enter antenna parameters:

1. Atthe beginning of a preplanned static surveyThe receiver
prompts you for the antenna parameters automatically by
displaying the antenna parameter screen. Go directly to step 4.

2. During a static survey or data logging sessiorPress the
[L OG|[DATA] key, if necessary, to display the survey status
screen. Then go on to step 2.

SiIRLIEY P UEER IHPUT
i LHEMEE S
i
i

{EHD SURVEY
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3. During a FastStatic or kinematic survey.From the main
survey screen, press tiNPUT/CHGSsoftkey to display a
screen similar to this one. Then go on to step 2.

4. Atthe end of a surveylf you do not enter values for the
antenna parameters during a survey, thevrecprompts you
for them again when you end the survey by displaying the
antenna parameters screen. Go directly to step 4.

5. SelecilCHANGESto display a menu similar to this one:

AHTEHHA HEIGHT
FILE HAME

SUREUEY CHHEMEGES:

6. SelectANTENNA HEIGHT to display a screen similar to this
one:

BT

LA

7. Fillin the fields as appropriate. PrésSCEPTor [ENTER] to
accept each one:

- ANT HEIGHT: The antenna height, expressed in the
displayed units.
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For procedures that use a tripod, it is necessary to set the
antenna height each time the tripod is moved or adjusted.
For procedures that use a rangepole it is generally necessary
to set the antenna height just once, since moving a
rangepole does not change its height.

To cross-check the antenna height, presgth&S softkey

to change the display from English to metric unitsvioe
versa.Remeasure the antenna height in the units now
displayed. If your new measurement does not agree with the
value displayed, reset the units, then measure and cross-
check the antenna height again.

- MEAS TYPE:Set toUNCORRECTEDor CORRECTED as
appropriate for the type of antenna you are using. (Trimble
postprocessing programs can convert an uncorrected height
to a corrected height.)

- ANT TYPE: The type of antenna you are using (see Table A-
4).

- ANT SERIAL: The antenna's serial number. (This is not
essential to the survey, but will help you identify the
antenna you used if you later find that it was not working
correctly.)

8. After you accept a value in the last field, the receiver returns to
the main survey screen or other screen from which you began.
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Table A-4.

ANT TYPE Parameter Values

ANT TYPE Value

Antenna

EXTERNAL (UNKNOWN)

Unsupported or unknown

COMPACT L1/2 W/GRND P

Compact L1/L2 with groundplane

COMPACT L1/2

Compact L1/L2 without
groundplane

COMPACT L1 W/GRND P

Compact L1 Antenna with
groundplane

COMPACT L1

Compact L1 Antenna without
groundplane

PERMANENT L1/L2

Permanent Reference Station L1/
L2 Geodetic Antenna

INTERNAL (ST)

4000ST Integral Antenna (not
applicable to receivers described
in this manual)

ATTACHABLE (SE)

Modular Antenna

EXT COMPACT DOME

Compact Dome Antenna

EXT KIN (ST,SST)

4000ST and SST External
Antenna

EXT L1/2 GEOD (SSTI/E)

L1/L2 Geodetic Antenna

EXT L1/2 KIN (SST)

L1/L2 Kinematic Antenna

EXT GEOD L1 (ST,SST)

L1 Geodetic Antenna

A.11 Reading the Main Status Screens

The first mainStatusscreen is displayed when you presg$RATUS]
key, or when you press tf@ EAR] key until the display stops
changing. Additional screens are displayed by pressing@rE

softkey.
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A.11.1Main Status Screen 1

The first mainStatusscreen has three forms, depending on the
receiver's current state.

e A static survey is running or a quickstart static survey waiting
to begin:

TG FOR @@l

24 HR

ma 15 ]

SEEDEEE Faololdd

Non-survey data logging uses the static surveying procedure.
The receiver therefore displays this screen whenever a non-

survey procedure is logging data.

* No static survey is running and the receiver is computing
RTCM-104 corrections (only with RTCM-104 Output Option):

* No static survey is running and the receiver is computing
position fixes:

The lines of the screen show:
1. Receiver's current status (see Table A-5).
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If a quickstart survey is waiting to begin or a static survey is
running, this line also shows the name of the active data file
and the time, in hours and minutes, that the receiver has been
logging data.

2. If a static survey is running, the approximate capacity of the
remaining free memory, expressed in hours of logging with the
current parameters.

If the receiver is computing RTCM-104 corrections, the text
‘GENERATING CORRECTIONS FOR

If the receiver is computing position fixes, the type of fixes.

3. SV numbers of the satellites from which data is being logged
or used. Satellites that are being tracked but not used are not
shown.

Satellite numbers inside square brackets are being used for

survey measurements only. Satellite numbers outside square
brackets are being used for position fixes and/or DGPS (and
possibly also for survey measurements).

4. The current power source, power gauge, antenna symbol, time,
and time zone identifier

The power gauge shows five blocks for a power supply or a
fully charged battery. As the charge decreases, portions of the
blocks progressively disappear.

A ‘C’ or ‘P’ appears after the power indicator if the battery
charger (C) and power output (P) feature is enabled.

The antenna symboli’, appears if an antenna is detected on
the ANTENNA port.

The time display does not show seconds if the receiver has not
tracked satellites since power up or for many hours of
operation.
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Table A-5. Receiver Status on Main Status Screen 1
Type of
Operation Status Meaning

Logging Data

WAITING FOR START

A preplanned session's start
time has not arrived yet.

WAIT: n SVs >= MASK

The receiver is acquiring
satellites. It must find n healthy
satellites above the session's
elevation mask to begin logging
data.

PRE-SURVEY POSITION

The receiver is taking a position
fix at the start of data logging as
part of its record keeping.

STARTED SURVEY

Data logging has started.

LOGGING FOR h:mm

The receiver has been logging
data for h hours and mm
minutes.

Differential GPS

RTCM-104 REFERENCE

The receiver is generating

base station STATION (or RTCM-104 corrections for use in
REFERENCE differential GPS.
SURVEYOR)

Differential GPS POSITIONING -- AUTO The receiver is computing

rover, or SV SELECT position fixes, and is

autonomous automatically selecting and

operation tracking the most appropriate

SVs.
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A.11.2Main Status Screen 2

If a static survey is running or a quickstart static survey is waiting to
begin, the first maistatusscreen displaysORE softkey. That key
displays a second screen in the n&tiatussequence, showing when
the survey started or will start, and when it will stop. The format of
the screen depends on the receiver's state.

*  Quickstart survey or manual preplanned survey waiting to

begin:

*  “At specified time” preplanned survey running:

STHRET HT:

17eE5 UTC PR

19835 UTC ; MORE

TELEL-AZ
i ELEVSHL

i N =
i LH T

The lines of the screen show:
1-2. The time or condition at which the survey began or will begin.

3-4. The time or condition at which the survey will end.
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A.11.3Main Status Screens 3 and 4

The third and fourth screens in the m&atussequence look like
this:

Screen 3.The screen shows the number of measurements that hav
been made from each satellite being tracked. If the receiver is
tracking too many satellites to describe on one screeMQRE key
displays additional screens to show the rest.

CONTINUOUSIs the number of measurements made since the
receiver started logging data to the current file. The count is reset if
the survey is interrupted or if a cycleslip occM@TAL MEAS is the
total number of measurements made since the receiver started
logging data to the current file.

Screen 4.The screen shows the parameter values being used to log
data: the survey elevation mask, logging interval, minimum number
of SVs required to log data, and the last event ID recorded in this file.

In both screens, thieEXT andPREV softkeys display the next and
previous mairStatusscreens.
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A.12 Restarting a Session After a Power Failure
Static survey with auto-survey timer enabled.
1. Restore power to the receiver.

2. After the receiver completes its power-up test, it displays this
screen:

When the countdown reaches zero, the session is restarted.

Data is logged to a new file with the same name as the original file.
The files may be distinguished by their start times. When the data
files are downloaded to a computer, the second file must be renamed
to avoid a naming conflict. The files should be merged after the
download is complete.

All other procedures.
1. Restore power to the receiver.

2. After the receiver completes its power-up test, it displays this
screen:

3. To display the status screen or the main survey screen, as
appropriate, press any key.
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If you are conducting a roving procedure such as a kinematic
survey or GIS data acquisition, it is prudent to reobserve a
point that was successfully observed before the failure. This
provides a “sanity check” on post-recovery results: if the
second of these observations does not agree with the first, you
will know something went wrong.

The receiver always returns to the state it was in when the failure
occurred. In a FastStatic survey, for example, it may return to the
Staticstate (collecting data) or tiMovingstate (waiting for the user
to pressSTART).

Data from the restarted session is logged to a new file with the same
name as the original data file. (The receiver, unlike most computer
file systems, allows files to have duplicate names.)

Note — If an interrupted survey or other data logging session is not
allowed to restart in the field, it will attempt to restart the next time the
receiver is turned on. In that case you must allow the survey to
restart, then follow the standard procedure for ending .asurvey.

A.13 Renaming the Current Data File

When the receiver creates a data file, it creates a name for the file
according to rules described in the section How the Receiver and
Programs Handle File Names.

A-58 Series 4000 Application Guide




A Common Operations

TheFILE NAME screen lets you change the name of a data file at any
time while data is being logged to it. Pré@G|[DATA] to display the
SURVEY screen. Sele@HANGES then selecEILE NAME. The

receiver displays this screen:

OLD shows the file's current nanEW initially contains the same
value asOLD.

Edit theNEW field to show the name you want the file to have; then
pres§ENTER] or ACCEPT You may press thel PHA/NUMERIC

softkey to toggle the receiver between alphanumeric mode and
numeric mode.

A.14 Enabling Cycle Printouts

A cycle printoutis a real-time record of some aspect of a receiver's
operation that is written to a serial port. Most types of cycle printouts
consist of a series of one-line ASCII records, generated at the rate of
one record per receiver cycle.

In practice, cycle printouts are rarely printed. More often they are
recorded by a computer for later use, or are fed to an external device
such as a navigation/positioning system. For this reason, most cycle
printouts can be generated in binary format as well as ASCII format;
a few of them can be generated only in binary format.

For information about connecting the receiver to a device that will
process cycle printouts, see the section Connecting a Serial Port to
Another Device.
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To control production of cycle printouts. From theControl menu,
selectCYCLE PRINTOUTS The receiver displays this screen:

T Em T L § R s
Bmtln § B
LI A |

The second line identifies a type of cycle printout. To cycle through
the available types, press tREXT softkey.

The first line shows the interval at which this cycle printout is
produced—for most, but not altyERY RECEIVER CYCLE

The third line shows this cycle printout's selected formagll or
BINAR . To toggle the format, press thR@RMAT... CHANGE softkey
(available only for cycle printouts that support both formats).

The fourth line shows which serial port is being used to output this
cycle printout PORT 1throughPORT 4 subject to the number of
ports on the receiver). The valO€Findicates that this cycle printout
is disabled. To cycle through the available values, press the
ENABLE... CHANGE softkey.

A-60

Note — Remember to disable a cycle printout when you are done
using it. Cycle printouts are not disabled automatically when the
receiver is turned off.

Types of cycle printouts.The types of cycle printouts you can
produce are:

* Position Calculationstnformation about the position fixes that
a receiver computes every measurement cycle in certain
operating modes.

* Navigation Calculationstnformation about the results of the
navigation calculations for the selected waypoints.

Series 4000 Application Guide




A Common Operations

 Raw Measurement&inprocessed satellite data.

» Nav Display Unit:Data required to drive a Trimble Display
Unit. The format and contents are the same aBdsition
Calculations.

* Compact MeasurementSatellite data in a compact format for
efficient transfer to a computer.

*  Eph/lon/UTC DataEphemeris, ionospheric, and UTC data
transmitted by the SVs.

» Position Quality StatsSigma values; estimates of error in
position fixes. Available only with QA/QC Option.

« Raw L1 Data Messag®aw L1 measurement data for each
SV.

»  Position Type 2Very similar toPosition Calculations.
Unneeded characters are omitted to make room for higher
precision coordinates.

* Navigation Type 2Very similar toNavigation Calculations.
Unneeded characters are omitted to make room for higher
precision coordinates.

For information about the format and contents of each cycle printout,
see theReceiver Reference.

Note that some of these types of cycle printouts are available only on
receivers that have certain options installed. SeR#ueiver
Referencdor details.

Enabling multiple types of cycle printouts.You can enable any
number of cycle printouts at the same time. It is generally best to
write each type to a different serial port, since it may otherwise be
very hard to tell what type of printout a given record represents. If
you do want the receiver to write two or more types of cycle printouts
to the same serial port, study the record formats carefully to be sure
you can deduce the type of each record in the output.
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A.15 Generating Single-Shot Printouts

Single-shot printouts are similar to cycle printouts, but are produced
once, on demand. The available types of single-shot printouts are:

* Broadcast DataThe most recently decoded ephemeris and
almanac for a specific satellite.

* lonospheric & UTC DataThe most recently decoded
parameters for the basic ionospheric delay model, and for the
conversion from GPS system time to Universal Coordinated
Time (UTC).

»  Satellite Elevation PlotA graph showing the elevation and
azimuth of a selected satellite versus time for any selected
UTC day.

e Schedule PlotFor All Sat#A graph of visibility for all known
satellites over any selected UTC day.

« Receiver Setup Inf&A description of the receiver, its
characteristics, its control settings, etc.

For information about the format and contents of each single-shot
printout, see thReceiver Reference.

To produce a single-shot printoutSelectPRINT/PLO from theSat
Info menu:

FRIMTAPLOT: oM FORT L 2 1 <-- CHAMGE

BROAD

e HEET B
kR RT ek

Set the parameters on the first three lines to describe the printout you
want to produce, then press #RINT softkey.

The first line shows the port to which printouts are written. Press the
first CHANGE softkey to cycle through the available ports.
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The second line shows the selected type of printout. Press the second
CHANGE softkey to cycle through the available types.

The third line shows the selected satellite (for printout types that
concern one satellite). Press MEXT SV softkey to cycle through
the available satellites.

A.16 External Data Logging (Only with Memory Option)

External data loggingneans logging data on a computer. The usual
data logging procedure, which stores data in a receiver's memory, is
distinguished by the terinternal data logging.

External data logging, like internal data logging, requires a receiver
that has the Memory Option. However, the amount of datagou

log is limited only by the amount of free space on the computer's
disk, not by the amount of free space in the receiver's memory.

In addition to a receiver with the Memory Option, external data
logging requires:

* A serial data cable such as Trimbi# 18826 (for p or t1 or3
on a portable receive/N 18827 (for po rt2 or4 on a portable
receiver),P/N 14284 (for an OSM2's data connector)Por
N 14284 (for any port on a rack-mounted receiver).

* A computer running the IBM DOS or Microsoft MS-DOS
operating system.

A copy of Trimble's external data logging progra@Gs .

A.16.1How to Install LOGST

LOGST and the downloading program ‘4000’ are distributed on a
single diskette, which is shipped with the Memory Option, and with
receivers that have a factory-installed Memory Option. To install both
programs, start the computer that will be used to log and/or download
data and:
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1. Create adirectory on the computer's hard disk named
C:\DOWNLOAD.

C> md \download

2.  Make\DOWNLOAD the current directory and copy all of the
diskette's files into it.

C> cd\download
C:\DOWNLOAD>copy a:*.*

A.16.2How to Start Using LOGST in the Shortest Possible
Time

This section explains the basics of usii@GS . The following
sections give more detailed instructions.

Setting up the systemTo prepare your system for external data
logging:

1. Select an available serial port on the receiver and one on the
computer. Disable all types of output on the receiver's serial
port; also disable RTCM-104 input and output. For
instructions, see the section Disabling RTCM-104 Input and
Output and Other Outputs in Chapter 5.

2. Configure the receiver's serial port to a known baud rate and
data format, wittFLOW CONTROLSset toXON/XOF . For
instructions, see the section HowTo Configure a Serial Port.

If you have no reason to choose differently, Trimble suggests a
baud rate of 38,400 (or the computer's highest baud rate, if that
is less), and a data format of 8data bits, odd parity, one stop
bit. The instructions for startingdGS , below, assume this

data format.

3. Connect the receiver's serial port to the computer's serial port
with the appropriate cable.

Starting LOGST. You must startOGST beforeyou make the
receiver start logging data.

A-64 Series 4000 Application Guide




A Common Operations

Make\DOWNLOAD the current directory and enter this command:
C:\DOWNLOAD>logst -f file -uS-pn-br
Replace the words in italics with appropriate values:

« file: The path and file name of the file whic®@GST should
create to store logged data. Do not specify a filename
extensionLOGST adds its own.

Trimble recommends that you use the same file name the
receiver would use if it were logging data internally. The
receiver's naming rules are described in the section Renaming
the Current Data File. Enter only the numerals, not the
hyphens, to limit the file name to eight characters.

* n: The number of the computer serial port that is connected to
the receiver: ‘1’ folCOM1, or ‘2’ for COM2.

* r: The serial port's data rate, in hundreds of baud. For example,
use ‘96’ for 9600 baud, ‘192’ for 19,200 baud, or ‘384’ for
38,400 baud. Set the same baud rate that you set on the serial
port at the receiver's end of the cable.

For example, to log data to a file namt®®10030in a directory
namedHYDRO on drive C, reading input fro@OM2 at 38,400 baud:

C:\DOWNLOAD>logst -f c:\hydro\00010030-u 5
-p 2 -b 384
To log data to a file nameab340081in a directory name@EST on
drive C, reading input fror@OM1 at 96 00baud:
C:\DOWNLOAD>Ilogst -f cAWEST\00340081 -u 5

(In this example the serial port defaultsdOM1, and the baud rate
defaults to 9600.)

Data logging. Start a survey or other data logging procedure on the
receiver in the usual way. Because the computer is connected and is
runningLOGS , the receiver will send logged data.toGST instead

of logging it internally.
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Note that external data logging is incompatible with use of the
receiver's auto-survey feature.

Stopping the program.LOGST stops automatically when the data
logging operation ends. You must start it again before you start
another data logging operatioFhis is also true if a data logging
operation is interrupted, for example, by a power failure on the
receiver. See the description of the --c command line option, below
for more information.
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Note — Never stop LOGST by resetting the computer or turning it off. If
you do that, you may lose some or all of the data that has already
been logged.

A.16.3Command Line Options for LOGST

This section describes all of the options you can enter arQBST
command line.

--f d:pathnamel\filename
--a d:pathnamel\fileroot

You must specify one of these options, but not both.

--f specifies the data file's drive name, directory name, and
filename. The directory must exist befaw@GST s run.

--a specifies the data file's drive name, directory name, and
first four characters of the filenamedGST completes the
filename with a four-character code created from today's date.

Do not enter an extension with either optib@GST
automatically adds extensions to the data files it creates.

If you plan to usa, set the computer's internal clock to the
UTC date and time before you start logging data. This will
ensure that the proper date is used to create file names.
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Examples:

C> logst -f c:\hydata\00020150
C> logst -a c:\res290\hrbr

The first example logs data to a file nan@®d20150.R00Nn a
directory namedHYDATA on drive C. The second example
logs data to a file namadRBRxxxxin a directory named
\RES2900n drive C;xxxxrepresents a four-character code
created from today's date.

-n-m
-Sm

You may specify either of these options, but not both.

Either option makes the program create a new data file for
everym minutes of logged datan (for “new”) makes the
program write header and ephemeris data at the beginning of
every file, and-s (for “split”) makes it write header and
ephemeris data at the beginning of the first file only

Both options create a unique name for each data file by
incrementing the number in the extensien.uses the
extensiondR00, RO, RO2. ... Similarly, --s uses the extensions
S0Q S01, S02. ...

If you omit both options (or use either one with a value of 0),
LOGST creates a single data file with the extengton.

Both options are useful for long data logging sessions; they
makeLOGST create several small data files instead of one large
one, making the data easier to move around and back up. Data
files created with are independent units; they may be
postprocessed individually or combined into one big file for
postprocessing. Data files created-witiust be combined into

one big file.
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-n-m

__p n

Examples.
C>logst .. -n60
C>logst .. -s60

The first example creates a new data file every 6 Ominutes,
with a complete set of header and ephemeris data at the
beginning. The second example creates a new data file every
60 minutes, but only the first file will have header and
ephemeris data.

Makes the program update the current data file every
minutes.

If you omit this option or use it with a value of 0, LOGST
updates the current data file only when the computer's memory
is full or when the data logging session ends.

If a power failure or computer malfunction causes LOGST to
crash, you will lose any data logged since the current data file
was created or last updated. Usingwith a reasonably small
value will minimize the risk of data loss. The resulting
overhead is generally small.

If you specify--u together with--n or --s, the value of-u must
be smaller than the value -6h or --s.

Examples.
C>logst .. -ub5 ..
C>logst .. -s60-uilb

The first example creates a single data file and updates it every
five minutes. The second example creates a new (split) data file
every 60 minutes and updates it ever y 15minutes.
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Specifies the computer serial port thaGST should use to
communicate with the receiver. The valuaohay be 1 or 2; it
defaults to 1.

Example.
C>logst .. -p2
This example makdsOGST communicate with the receiver
throughCom2.
-br

Specifies the data rate for the computer serial port. The data
rate is specified in hundreds of baud; for example, ‘--b 96’
represents 96 OObaud.

If you omit this option, it defaults to 96 (for 96 00baud).

Examples.
C>logst .. -b96
C>logst .. -b384

The first example configures the serial port to operate at
9600 baud. The second example configures it to operate at
38,400 baud. (Note that many older computers cannot run a
serial port faster than 9600baud.)

--x dps
Specifies the data format for the serial port.
d is the number of data bits per character. It may beS.

p is the type of parity. It may kefor odd, e for even,or n for
none.

sis the number of stop bits per character. It mag be2.

If you omit this option . OGST configures the serial port to
operate wit h 8data bits, odd parity, a nd 1stop bit.
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Examples.
C> logst .. -x8ol
C> logst .. -x7el

The first example configures the serial port to operate with

8 data bits, odd parity, and 1 stop bit. The second example
configures it to operate wi th 7data bits, even parity, a nd 1stop
bit.

-Ccm

Caused. OGSTto wait for the receiver to respond for

minutes when it is started. This is useful when you must restart
an interrupted survey; it lets yowadtLOGST before the

receiver is necessarily ready for operation.

When you use this optionPGST creates a split file (as if the -
option were used) with an extensiontob. If --n or --sis
actually specified, subsequent files have extensionsT02,
TO3,. ...

If you omit this option or specify it with a value of IGQGST
will immediately display an error message and exit if the
receiver does not respond.

Example.
C>logst .. -c2

The example makesDGST wait for two minutes for the
receiver to respond.

Note on rounding of time-value parametersAll time values
(represented above Ing) are rounded up to a multiple of 5minutes,
except for the value ofc .
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A.16.4Error and Status Displays from LOGST

If LOGST cannot communicate with the receiver, it displays an error
message and exits. Fix the problem and §@@ST again. Be sure

that the receiver is connected and turned on; check the baud rate, data
format, and port number that you entered on the command line
against the ones you are using on the receiver.

If LOGST does establish communication with the receiver, it displays
its command line option settings in a status screen similar to this one:

LOGET & External Dataloggser for the 48885 er=zion 92.118
FAoctive OFrtions

Outrut Filenams @ CE-DATA-BEAZA1568.RFEA8

File Update Interwal & 1 minutes

File Srlit Interwval A minutes.

Hew File Times: A minutes.

Communications FPort : 1

COM Port Parametersd ¢ 988 S-000-1
Eztablizhina Communications with the 48085

Communication with the 48885 successful

Seconds =ince last communicationd 1

A.17 Downloading Logged Data

After you finish one or more data logging sessions, you must
downloadthe resulting data files to make them accessible to a
postprocessing program. Then you must delete the original files to
free space for logging more data.
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The procedure for downloading data depends on the postprocessing
program you will use. Many postprocessing programs have built-in
downloaders. This section describes ‘4000, a downloading progra
that Trimble provides for use with postprocessing programs that do
not have their own downloaders.

A.17.1What ‘4000’ Does

For internally logged data, 4000 actually copies data files from the
receiver's memory to the computer's disk. It also reformats the
contents of each file and splits it into four separate files containing
different types of data. These files all have the same filename, and are
distinguished by different extensions.

Externally logged data must also be downloaded. Even though the
data files are already on the computer's disk, they must be
reformatted and split into sets of four files, just like internal data files.
The procedures for downloading internally and externally logged
data are essentially the same.

A.17.2How to Install the Downloading Program

For instructions, see the section How to Install LOGST.

A.17.3How to Get Started with the Downloading Program

Setting up the system (required only to download internally
logged data).Follow the system setup instructions given in the
section How to Start Using LOGST in the Shortest Possible Time.

Starting the downloading program.Enter the command:
C:\DOWNLOAD>4000 [ENTER]
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The program displays a screen similar to this one:

TEIMBELE HAUIGHTION MODEL 46@8s  SURUVEY REPORT

LEEE

FROC SIHG OFTIONS [menal
a b PO Ll

From FC s ]

Diirectors

st DOE

SURVEY DETH cDatalogsaser:
luasi el
ion Tables

S PC Disk Dir

It opbion sumber or use arcow kewss then EMTER

Downloading: internally logged data.Press thél] key. The first
time you do it, the program displays this screen:

TRIMBLE HAUTGERTION MODEL <@@as  SURUEY SUPFORT

VERIFY SERIRL PORT FARAMETERS

coM: 1 Braad: SR Datat 8 Parita: Odd Stord 1
.}. [ ——— S —— [ —— S —— .i.
i FlL o~ Helr SPACE - Tomale Flf - Poocert &
.}. s amm s s wmm s e s 2 S — [ R — .i.

The cursor is at the serial port number, followd@M. Press the

space bar until the program displays the number of the serial port that
is connected to the receiver. PrE#8] or [SHIFT]+[TAB] to move right

or left to the other fields, and set them to the baud rate and data
format being used by the receiver's serial port.

When all of the fields are set correctly, prig4§] to configure the
serial port and make the program display the next screen.

Note that the program will display the serial port configuration screen
only the first time you download a file after starting the program.
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Downloading: externally logged dataPress th¢3] key. The
program prompts you to enter the pathname where the logged files
can be found. Enter the pathname and ESER].

Selecting files.The program displays a list of logged data files, oldest
first, with each file's name, size in records, and date and time created.
If there are too many files to fit on the screen, you can display
different parts of the list by pressing frgUp], [PgDn], [+], and[+]

keys.

You can toggle the order of the file list from oldest first to newest first
and back by pressing tlfe] key.

At any time, one line on the display is preceded by a >'. Select the
files you want to download by moving the ‘>’ to each one and
pressing the space bar. The program highlights each file you select.
To deselect a selected file, move the *>" to it and press the space bar
again.

To select all files, pregB9]. To deselect all files, pref®] again.

Downloading selected filesTo select the disk and directory where
you want to store downloaded files, prg2% The program prompts
you to enter the drive name and the directory's pathname. Press
[ENTER] when done. If the directory does not exist, the program will
create it.

Now presgF10]. The program reminds you to be sure the disk has
enough free space to download the selected files. Press any typing
key to start the download.

The program displays the name of each file as the file is downloaded.
It also displays the record counts and the SV numbers of each file's
satellite measurement data as it downloads.

The program displays a completion gauge at the bottom of the screen
which shows the download's progress. The download is complete
when the gauge reaches the right end of its scale.
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You can interrupt a download at any time by presfisg. The
download program will not save the partially processed download
files on the disk.

After a download. When a download is complete, the program
returns to its menu.You may select and download more files, or press
[Esc] to exit the program.

Once you are sure that the logged data has been downloaded
successfully, you should delete the original data files to free up space
for more data logging.

To delete internally logged data files, seleOGGEDDATA FILES
from theControl menu. This displays th@URVEY DATA FILES
screen, WhosBELETE softkey lets you delete files from memory.

To delete externally logged data files, use D@&k command.

A.17.4How the Receiver and Programs Handle File Names

How internal data files are named A data file created in the
receiver by internal data logging has a name with the format
ssss-eee-n.

When the receiver creates a data file for a preplanned static survey,
sssds the ID of the station description used to schedule the survey,
andeee-nis the ID of the session description used.

When the receiver creates a data file for any other type of sassay,

is the last four digits of the receiver serial numbeeis today's day

of year, anch is a digit that is incremented for each new session on a
given day, beginning at zero.

Note that in either case, you can rename the data file while data is
being logged. In that case it has whatever name you gave it.

How external data files are namedYou specify an external data
file's name with a command line option when you run the external
data logging progrant,OGS . The name may be any one- to eight-
character sequence that obeys DOS file naming conventions.
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The program does not let you specify an extension; it adds an
extension to each file name according to these rules:

If LOGSTwas run with the(split) option, the first file it creates
has the extensiad®0Q and subsequent files have the extensions
S01, S02 S03. ...

If LOGSTwasnot run with the eption, the first file it creates
has the extensioRO00. If it was run with the (new) option,
subsequent files have the extensiBng R02, RO3,. ...

If LOGST was run with theeption, it checks the disk for files
with the same filename. If it finds any, it assumes that an
interrupted session is being restarted, and it creates files with
the extensiomnn, wherenn starts at the first unused number.
That is, if there are no files with the same file nameTand
extensions it creates one with the exten3ian) if there is a

TOO it creates one with the extensiofl; and so on.

If LOGSTwas run with theeption and finds no files on the
disk with the same filename, it names the filesawdfs-not
specified.

How downloaded files are namedThe download program, ‘4000’,
splits each logged data file into four download files, each containing
different types of data.

All of the downloaded files share the filename of the logged data file
(with the hyphens removed, if it is an internal file).

Each downloaded file has a distinct extension which identifies the
kind of data it contains:

DAT contains all data collected and generated during the
logging period.

MES contains an ASCII summary of the logging session. It
contains the serial number of the receiver, the file name,
logging start and stop times, and important parameter values.

EPH contains ephemeris data.
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* ION contains ionospheric and error correction data. It currently
is not used by the postprocessing programs.

If the download program finds identically named files already on
disk, it creates files with the extensidp@0, MO0, EOQ, andI00. This
ensures that each downloaded file's name remains unique. If the
program also finds files with those extensions on disk, it creates files
with the extensionB01, and so on.

For example, if the program downloaded a file naog®@-015-0jt
would name the resulting DOS fil@8020150.DA, ..MES, .. EPH,

and ..ION. The second time it downloaded the same file, it would
name the resulting DOS files 00020150.D00, ...M00, ...EQ0, and
...100. The third time, it would name the DOS files 00020150.D01,
...M01, ...E01, and ...101, and so on.

If the program finds downloaded files already on disk, it displays this
warning message:

DUPLICATE FILE HAMES EMCOUMTERELD S
EMELURE FILES ARE MAMED PROFERLY.

If you see this message, find the duplicate files and rename them so
that the set you want to keep has the extengmsMES, EPH, and

ION. You may rename or delete the other sets, as appropriate. If you
need to keep several sets of files, give the members of each set a
unique filename; then change the extension of each member of each
set.
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A.17.5The “Disk Full” Condition

If you try to perform a download and the disk does not have enough
free space to complete it, the program will display this message when
the disk becomes full:

DISK FULL OR DISK WRITE ERROR - X RECORDS TRANSFERRED

x is the number of records downloaded before the disk filled up.

Erase some unneeded files to release enough space to complete the
download, or insert another disk with sufficient free space. Also erase
the files that the download program was creating. Then restart the
download.

A.17.6Merging Split Files and Duplicate Files

To merge split data files created b9 GST, simply concatenate the

files into a single new file in the order they were created. This
example shows how you might concatenate a series of three data files
that were created with theption:

C:> copy /b 00550233.s00 + 00550233.s01 +
00550233.s02  00550233.r00

The same technigue works with files created with-theoption
(extension®R00, R0OL,...), but you shoulaot give the merged file the
extensiorROG; it would then overwrite the origin&®00file. Use a
freeRnnnumber instead. If you are merging files with extensRI®
throughRO03, for example, give the merged file the extengknd.

Since evenRnnfile has a header, the merged file will be larger. The
redundant headers create no problem for a postprocessing program,
though.

A-78 Series 4000 Application Guide




A Common Operations

The same technique works for duplicate files downloaded by the
4000 program. Merge files with extensiom@®0... D03 into one with
extensiorD04, and so forth.

The batch fileRECOMB.BAT, on the same distribution diskette as
LOGSTand4000 merges up to 24 Snnfiles into one  ROOfile.
This example merges up to 24 files names#s0243.S00
00550243.S01.. into one file named0550243.R00

C:> recomb 00550243
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Receiver does not turn on;

1. Check the power supply cable. Are both ends securely
inserted?

2. Check the power source. Is it delivering DC to one of the
receiver's power connectors?

3. Try another power source if one is available.
4. Check the in-line fuses.
No communication between receiver and computer or modem:

1. Be sure that the data cable is connected to the proper ports on
the receiver and the remote device (the computer or modem).
Also be sure you are using the right cable. Different remote
devices may require differently wired cables, even though the
connectors may be the same at both ends. For specifics, see
“Choice of Data Cable” on page 150.

2. Generate a one-shot printout on the affected receiver port. If
the remote device is a modem,&TA light should flash as
the receiver generates the report. If the device is a computer,
run a terminal emulator or other program that displays the
affected port's serial input; the printout should appear on the
screen as the receiver generates it.
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If the modem'DATA light flashes or the printout appears on
the screen, data is getting through to the remote device. Look
for a problem that prevents the data producer from generating
data, or the data consumer from making appropriate use of it.
This might be an incorrect parameter setting in the receiver's
CYCLE PRINTOUTSscreen, or incorrect configuration in a
program on the computer, for example.

If the modem'DATA light does not flash, or no printout
appears on the computer's screen, data is not getting through to
the remote device. Go on to the following steps.

If CTS/RTSflow control isnotbeing used, be sure that the
cable'sRTS/CTSdata lines araot connected. ICTS/RTSflow
controlis being used, be sure that tB€S/RTSdata linesre
connected, and that the external device diiRESproperly
RTSshould be asserted whenever the device is transmitting
data.

Be sure that the baud rate and data format parameters are set to
the same values for the receiver and for the computer or
modem, and that the intended type(s) of data input/output are
enabled on the proper receiver/remote ports.

Restart the computer or modem; restart the application
program you are running on the computer. If this does not
work, try turning the computer off momentarily, then restart
the computer again.

RTCM data link problems and other serial port problems:

The base station appears not to be transmitting RTCM data:

1.

Check thestatusdisplay. It should saGENERATING
CORRECTIONS FOR SV\s.. If it does not, be sure that RTCM
output iISENABLED and that all healthy satellites are
ENABLED.
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Also check the reference position. A common error is to enter
the sign of the latitude or longitude incorrectly—for example,
to entelE instead of, orSinstead oN. The receiver may not
be able to track SVs if the position is wrong.

2. Check all of the cabling and digital communication settings as
described in the preceding section.

3. Be sure that the external device is not trying to send status
information back to the receiver. The receiver ignores most
input. However, aixOFF code (hexadecimal 13) will suspend
RTCM output until arXON code (hexadecimal 11) is received,
or until theXOFFtimes out. The timeout period is 60 seconds.

4. For aradio communication link, be sure that the transmitting
and receiving ends are set to the same data rate and format.
This is not the same as the baud rate and data format between
the receiver and the modem. The radio's data rate is the RF
transmission rate in bits per second (5 Obps, 4800bps, etc).
The data format is the modulation method (AM, FM, etc.) and
the error correction method (FEC, CRC, etc). Modems from
different manufactures may have different proprietary data
formats; in that case they will not work together.

5. Be sure that the modem connected to the transmitter is not
trying to transmit data at a higher RF data rate than the radio
allows. Depending on the radio frequency used, standard radio
links can handle rates of 50 t 0 4800bits/second.

A DGPS rover is not computing corrected position fixes or is not
computing position fixes at all:

1. If the receiver is receiving RTCM data but is not computing
position fixes:

a. Be sure thaRTCM INPUTSIs set toON or ON/AUTO. If
RTCM PORTIs set to the port where corrections are being
input, andENABLE is set toOFF, the receiver will display
corrections but will not use them.
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Check the UDRE values of the incoming data. The
receiver will not utilize a differential correction whose
UDRE (as displayed in the RTCM data screens) is 5 for
RTCM Version 1.0, or 3 for RTCM Version 2.0.

Be sure tha®TATION ID is set toANY or to the station ID
that is found in the incoming data.

Be sure that the corrections being received are for the
same set of satellites that you are tracking orstiagus
AZM/ELEV screen. If they are not, check the elevation
masks and the enabled SVs on both the rover and the base
station.

If none of this works, let the rover acquire a new
ephemeris by tracking satellites for about 10minutes with
RTCM turned off. If the rover does not have the same
IODEs as the base station (as displayed in the RTCM data
screens) it will not use the corrections.

If the rover is not receiving RTCM data:

a.

Be sure that RTCM input is being read from the proper
port.

Be sure that no cycle printouts are directed to the same
port. If the radio being used is a transceiver, this may
cause the radio to transmit the printouts, interfering with
reception.

Check all of the data link parameters for the modemes,
radios and rover

Incorrect/inaccurate survey results or position fixes, or high
PDOP:

Be sure L2 P-code processing is enabled on all channels if you
are using a procedure that requires it. Be sure that per-channel
configuration is not in use. (See “Configuring Single or Dual-
Frequency Operation” on page 156.

1.
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2. Be sure the applicable sync time parameter is set to a value that
is appropriate for the procedure you are using. If you are
conducting a survey, be sure you are performing the surveying
procedure correctly; be sure you are occupying each survey
mark for the required minimum time.

One or more space vehicles are untrackable:

1. Check the azimuth and elevation of the SV and be sure there
are no obstructions in the path of the satellite signals.

2. Check the elevation mask to make sure that the SVs you want
to track are not masked.

Be sure that none of the SVs you want to track are disabled.

PresgSAT(INFQ] to check the health of the satellites. If any of
the SVs you want are unhealthy, use3eENABLE/DISABLE
screen to set them IBNORE HEALTH(POSITIONING)or
IGNORE HEALTH(SURVEYING) as appropriate.

Recheck the receiver's antenna connections.

Reposition the GPS antenna above any nearby transmitting
antennas if possible.

Bad real-time positions from DGPS:

1. Check the PDOP on tirOSITIONSscreen. A PDOP near 7.0
yields moderate position accuracy. A PDOP of 7 or more
yields position fixes that are too inaccurate to be useful for
most purposes.

2. Check for an unhealthy satellite being used. Signals from an
unhealthy satellite can produce bad position fixes by
introducing errors into the calculations.

3. Be sure the receiver is operating as a DGPS rover. If it is
operating autonomously it will produce uncorrected position
fixes, whose accuracy is significantly lower.
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Receiver does not operate or behaves oddly:

When using the 4000A/S COMPATIBLE remote protocol, the
receiver may interpret improperly formatted input data as
remote commands. These commands could corrupt the
internal database and cause the receiver to operate poorly or
not operate at all.

Most often the problem is caused by a mismatch between the
baud rate or data format of the receiver's serial port and the
other device. Even valid commands will be received
incorrectly if the baud rate and format are wrong. The same
symptoms can be caused by inputting RTCM data on a port
that is not configured for RTCM input.

To correct the problem
a. Disconnect the data source from the receiver serial port.
b. Power the receiver down and back up.

c. Be sure that the baud rate and data format parameters are
set to the same values at both ends of the connection.

If this does not correct the problem, see “When all else fails.”

Asset Surveyor, Survey Controller, or Seismic Controller does not
communicate with receiver:

1.

Be sure that the receiver's serial port is set to 9600 baud, with
data format 8NONE-1.

Be sure the receiver's protocol set to DATA COLLECTOR.
Be sure the data collector's serial port is set to 9600 baud.

Be sure the serial data cable is firmly attached to the ports on
the data collector and the receiver.

Remember that when the receiver is conducting a kinematic
survey, it must be receiving data from four satellites before the
data collector can be started.
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When all else fails:

1. Use theControl menu'sDEFAULT CONTROLSscreen to reset
the receiver's factory default parameter values.

2. As alastresort, perform a hard reset on the receiver:
a. Turn off the receiver.

b. Hold down thdCl EAR] and[. OG|DATA] keys and press the
[POWER] key.

c. When the’EST MENU SETUP/CONTROIscreen appears,
releasdCl EAR] and|l OG[[DATA].

d. Pressth€LEAR ALL softkey.

This procedure resets the memory that the receiver uses for
operations; it does not delete data logged to the memory board.

How to get technical support:If you cannot resolve your problem
without assistance, contact the Trimble Assistance Center (TAC).
Refer to the Preface to this manual for information on contacting the
TAC.

Assistance is also available through Trimble's Customer Support
Bulletin Board System (BBS). The BBS is normally available around
the clock, although Trimble support personnel are not necessarily
available at all times. refer to the Preface to this manual for
information on accessing the Customer Support BBS.
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	2. If the EDIT STATION screen is displayed, press the NEW STATION softkey to display the NEW STAT...
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	4. Enter a name for the station description, up to three lines long. You may press the ALPHA key ...
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	Step 5: Schedule the Session
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	Step 6: Set Additional Parameters
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	Step 7: Add Another Session
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	Figure 2-3 . Preplanned Static Survey Procedure


	2.3.3 Running a Preplanned Survey
	1. To ensure that the receiver performs the survey in a known, correct state, set the power-up pa...
	2. If you are performing a dual-frequency survey, confirm that the receiver is configured for dua...
	3. Press [LOG{{{DATA]. The receiver displays the main Log Data screen, which will resemble this one:
	4. Select START PRE-PLANNED. The receiver displays this screen:
	5. The receiver prompts you to enter antenna parameters by displaying the antenna parameter screen.
	6. Next the receiver displays this screen:
	7. What happens next depends on the starting mode specified by the session description:

	2.3.4 Entering Antenna Information During a Survey
	1. Press [LOG{{{DATA] to display the SURVEY screen:
	2. Select CHANGES. The receiver displays this screen:
	3. Select ANTENNA HEIGHT. The receiver displays this screen:
	How to Enter Field Notes or Event Marks During a Survey
	How to End a Preplanned Survey

	2.3.5 Using the Auto-Survey Timer
	When Scheduled Sessions Are Run
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	1. Define one or more sessions that are scheduled to begin at specified dates and times.
	2. From the Log Data menu, select ENABLE AUTO-SURVEY TIMER. The receiver displays this screen:
	3. Press the ENABLE softkey to display this screen:
	4. The keypad's TIMER indicator lights, showing that the auto- survey timer is enabled but the re...

	How to Cancel the Auto-Survey Timer
	1. Press [LOG{{{DATA]. The Log Data menu will appear.
	2. From the Log Data menu, press the END SURVEY softkey. (See the section How To End A Quickstart...
	1. Press the [POWER] key to wake the receiver up. It will perform its power-up tests, then displa...
	2. To prevent the receiver from going back to sleep, press the CANCEL softkey within the 30�secon...
	3. The receiver displays the Log Data menu. Because one or more surveys are scheduled to be run, ...


	2.3.6 Performing Other Operations During a Static Survey

	2.4 Static Surveying and DGPS at the Same Time

	3 FastStatic Surveying
	3.1 Required Equipment and Software
	3.2 Setting Up the Equipment
	Figure 3-1 . FastStatic Survey Procedure (Rover)
	1. Set up an antenna on a tripod; center and level the antenna and measure its height. The correc...
	2. Turn the receiver on. Wait for it to complete its self-test and display the Log Data menu, whi...

	3.2.1 Setting the Operating Parameters
	1. To ensure that the receiver performs the survey in a known, correct state, set the power-up pa...
	2. Select SETUP SURVEY CONTROLS from the Log Data menu. The receiver displays this screen:
	3. Select MODIFY FAST STATIC CONTROLS. The receiver displays this screen:
	4. Set the parameters. The values shown in the screen above are appropriate for most applications...
	Importance of Simultaneous Observations

	3.2.2 Performing a FastStatic Survey
	1. Press the [LOG{{{DATA] key; then select START FAST STATIC OR KINEMATIC SURVEY; then select STA...
	2. Go to the first (or next) mark and set up the antenna.
	3. Press the START softkey to start an observation.
	4. During the observation, enter the mark ID and antenna parameters. You may also enter field not...
	5. Wait until the receiver shows that it has collected sufficient data.
	6. If the survey is not complete, end the observation by pressing the MOVE softkey; return to ste...
	7. If the survey is complete, press the END SURVEY softkey. This ends the FastStatic surveying pr...
	Step 1: Display the Main FastStatic Screen
	1. Press the [LOG{{{DATA] key. The receiver displays the Log Data menu. The menu looks like one o...
	2. If the receiver has the Kinematic Functions Option, it displays this menu:
	3. The receiver displays the FastStatic survey screen:

	Step 2: Set Up the Antenna
	Step 3: Start an Observation
	Step 4: Enter Mark ID and Antenna Parameters
	Step 5: Wait While the Receiver Collects Data
	Step 6: End the Observation

	3.2.3 Aborting an Observation
	3.2.4 Displaying Satellite Tracking Information
	3.2.5 Creating a Log Data File for Each Observation
	3.2.6 Turning Power Off Between Marks


	4 Kinematic Surveying
	1. Planning for a kinematic survey.
	2. Equipment and software required.
	3. Using a data collector for kinematic surveying.
	4. How to set the data logging parameters.
	5. How to initialize a kinematic survey.
	6. How to perform a stop-and-go kinematic survey.
	7. How to perform a continuous kinematic survey.
	8. How to end a kinematic survey of either type.
	9. Other aspects of kinematic surveying, such as how to abort a suspect observation and how to re...
	Figure 4-1 . Initialization for Kinematic Surveying Procedure
	Figure 4-2 . Kinematic Surveying Procedure
	4.1 Planning for a Kinematic Survey
	4.1.1 Reference Marks
	4.1.2 Number of Receivers
	4.1.3 Satellite Availability
	4.1.4 Assigning Point IDs

	4.2 Equipment and Software Required
	4.3 Notes on Using a Survey Controller or Seismic Controller
	4.4 Setting Parameters
	4.4.1 General Parameter Settings
	4.4.2 Positioning Mode Parameters
	4.4.3 Kinematic Data Logging Parameters
	1. Press the [LOG{{{DATA] key. The receiver displays the Log Data menu.
	2. Select SETUP SURVEY CONTROLS. The receiver displays this screen:
	3. Select MODIFY KINEMATIC CONTROLS. The receiver displays this screen:
	4. Set the parameters as appropriate.


	4.5 Initializing a Kinematic Survey
	4.5.1 How to Initialize by Occupying a Fixed Baseline
	1. Set up a tripod and tribrach over each reference mark and mount an antenna on it. Use a quick-...
	2. Connect each receiver to its antenna and power source, then turn on both receivers. Level each...
	3. At the base station, press the [LOG{{{DATA] key to display the Log Data menu.
	4. Dual-frequency receivers: The Log Data menu looks like this:
	5. Single-frequency receivers: The Log Data menu looks like this:
	6. The receiver displays the main kinematic survey screen:
	7. Enter the base station antenna's point ID.
	8. Enter the base station's antenna height and other parameters as explained in the section Enter...
	9. Repeat steps 3 through 8 on the rover, using the rover antenna's point ID in step�7 and the ro...
	10. Allow the receivers to collect at least eight simultaneous epochs of data. For best results, ...
	11. On the rover, press the ROVE softkey. Remove the rover's antenna from the tripod and attach i...

	4.5.2 How to Initialize by Swapping Antennas
	1. Set up one tripod over the reference mark and mount the base station's antenna on it, using a ...
	2. On the base station receiver, press the [LOG{{{DATA] key to display the Log Data menu.
	3. Dual-frequency receivers: The Log Data menu looks like this:
	4. Single-frequency receivers: The Log Data menu looks like this:
	5. The receiver displays the main kinematic survey screen:
	6. Enter the antenna parameters as explained in “Entering Antenna Parameters” on page�193.
	7. Repeat steps 2 through 6 on the rover, entering the point ID of the secondary mark in step 5, ...
	8. Allow the receivers to collect at least 20 simultaneous epochs.
	9. Press the ROVE softkey on each receiver.
	10. Dismount the receivers' antennas and swap them; that is, mount the base station's antenna on ...
	11. Press the STATIC softkey on each receiver. Enter the swapped antennas' point IDs on both rece...
	12. Allow the receivers to collect at least 20 simultaneous epochs or two minutes of data.
	13. Repeat the procedure described in steps�9 through 11 to swap the antennas back to their origi...
	14. Allow the receivers to collect at least 20 simultaneous epochs or two minutes of data.
	15. Press the ROVE softkey on the rover only. Remove the rover's antenna from the tripod and atta...


	4.6 Using Multiple Base Stations
	4.7 Performing a Stop-and-Go Kinematic Survey
	1. Move the rover to the first (next) mark to be surveyed.
	2. Position the antenna over the mark. Set up the rangepole's support so that you can let go of t...
	3. Press the STATIC softkey. The STATIC�softkey disappears from the display, and the status STATI...
	4. Enter this survey mark's eight-character point ID.
	5. First survey mark only: Press the INPUT/CHNGS softkey to display this menu:
	6. Allow the rover to collect at least two epochs of data. When the rover has collected sufficien...
	7. Select ROVE.
	8. If there are more marks to survey, return to step 1.

	4.8 Performing a Continuous Kinematic Survey
	1. Press the INPUT/CHNGS softkey to display this menu:
	2. Select CHANGES. Set the antenna parameters as explained in the section Entering Antenna Parame...
	3. Now you may move the rover about as appropriate.
	4. When the survey is complete, end it as described in the section Ending a Survey, below.

	4.9 Ending a Survey
	1. While not strictly necessary, it is good practice to reinitialize the rover at the end of the ...
	2. To end the survey, press the END SURVEY softkey. The rover displays this screen:
	3. Stop-and-go survey: If you have not entered antenna parameters since starting the last observa...
	4. Continuous survey: If you have not entered antenna parameters, the receiver displays the ANTEN...
	5. Return to the base station and repeat steps�2 through 4 on the base station receiver.

	4.10 Reading the Main Kinematic Screen
	1. Shows the kinematic surveying procedure's current status:
	2. The message NOT LOGGING indicates that the receiver is acquiring satellites and calibrating it...
	3. The point ID of the mark currently or most recently occupied.
	4. The minimum number of satellites the receiver must track in order to log data, and the number ...

	4.11 Aborting an Observation
	4.12 Reinitializing a Survey
	4.12.1 To Return to a Previous Survey Mark
	1. Press the ABORT softkey.
	2. Return to a mark that has already been successfully observed in this survey (not necessarily t...
	3. Position the antenna and press the STATIC softkey.
	4. Re�enter this survey mark's point ID and wait until at least one minute passes and the ROVE so...
	5. Press the ROVE softkey and proceed with the survey.

	4.12.2 To Perform an Initialization Procedure
	4.12.3 Delaying Reinitialization
	4.12.4 Setting the Kinematic Alarm's Volume
	4.12.5 Loss of Lock at the Base Station


	5 Differential GPS
	5.1 Equipment and Software Required
	5.2 Outlines of the Configuration Process
	1. Set the positioning elevation mask, PDOP mask, and sync time.
	2. Set the reference position. (Required for a base station; optional for a rover.)
	3. Disable both RTCM�104 input and output, and all other serial port data outputs as appropriate.
	4. Configure one of the receiver's serial ports to the data format used by the modem and the radi...
	5. Set up the radio and modem to transmit RTCM�104 messages (for a base station) or receive them ...
	6. Enable RTCM�104 output (for a base station) or input (for a rover) on that serial port.
	7. Connect the serial port to the modem. (See the section Choice of Data Cable in Appendix A.)
	8. For a rover, arrange to make appropriate use of the position fixes the receiver computes. You ...
	1. Set the positioning elevation mask, PDOP mask, and sync time.
	2. Disable both RTCM�104 input and output, and all other serial port data outputs as appropriate.
	3. At the beginning of operations, start logging data on the receiver. At the end of operations, ...
	4. After the end of operations, download the logged data to a computer for postprocessing. (See t...
	1. Set the positioning elevation mask, PDOP mask, and sync time.
	2. Disable both RTCM�104 input and output, and all other serial port data outputs as appropriate.
	3. Configure one of the receiver's serial ports. (See the section How To Configure a Serial Port ...
	4. Connect that serial port to one of the computer's serial ports. (See the section Choice of Dat...
	5. At the beginning of operations, run the data logging program (LOGST) on the computer. (See the...
	6. Start logging data on the receiver. Because the receiver is connected to a computer running LO...
	7. After the end of operations, download the logged data as explained in the section Downloading ...

	5.3 Steps in the Configuration Process
	5.3.1 Setting the Elevation and PDOP Masks and Sync Time
	Sync Time and the Radio's Transmit Duty Cycle

	5.3.2 Setting the Receiver's Reference Position
	5.3.3 Disabling RTCM�104 Input and Output and Other Outputs
	5.3.4 Configuring a Serial Port
	5.3.5 Enabling RTCM�104 Input or Output
	5.3.6 Setting Up the Modem and Radio
	5.3.7 Connecting the Serial Port to the Other Device
	5.3.8 Running the Data Logging Program (Only with Memory Option)
	5.3.9 Starting Data Logging (Only with Memory Option)

	5.4 What Is Different During Data Logging
	5.5 Stopping Data Logging
	5.6 Downloading Logged Data
	5.7 Making Use of Position Data

	6 Navigation
	6.1 Displaying Your Position
	6.2 Using the Navigation Screens
	6.2.1 NAVIGATE without Navigation Package Option
	6.2.2 NAVIGATE with Navigation Package Option
	How to Plan Courses and Waypoints
	1. Define an appropriate set of waypoints.
	2. To navigate a course, select its first leg line and navigate from your origin to the first way...
	Figure 6-1 . Sequences of Waypoints Defining Courses
	Figure 6-2 . A Network of Waypoints Defining Courses

	How to Use the Main NAVIGATION Screen
	How to Change Units of Distance
	How to Display and Set Waypoints
	1. Press [STATUS], then select POSITION, then NAVIGATE, then EDIT WAYPNTS.
	2. Press [0] [1] to display waypoint�1. Press [ENTER] to display the screen for setting coordinates.
	3. Press the HERE softkey to set the waypoint's coordinates to your current position.
	4. Press NEXT to display waypoint�2. Press [ENTER] to redisplay the screen for setting coordinate...
	5. Repeat step 4 to display and set waypoint�3.
	6. Repeat step 4 again to display and set waypoint�4.
	7. Repeat step 4 again to display and set waypoint�5.
	8. Press [CLEAR] to return to the main NAVIGATION display.

	How to Select a Leg Line
	1. From the main NAVIGATION screen, press the SELECT LEG softkey.
	2. Press [0] [1] [0] [2] to select the leg that runs from waypoint�1 to waypoint�2. Press the ACC...
	3. Navigate from your origin (waypoint�1) to waypoint�2.
	4. Press the SELECT LEG softkey again, then the NEXT softkey, to select the leg that runs from wa...
	5. Repeat step 4 to select and navigate the leg line that runs from waypoint 3 to waypoint 4.
	6. Repeat step 4 again to select and navigate the leg line that runs from waypoint 4 to waypoint 5.
	1. From the main NAVIGATION screen, press the SELECT LEG softkey; then press [1] [1] [0] [1] to s...
	2. Navigate from your origin (waypoint�11) to waypoint�1.
	3. Press the SELECT LEG softkey again, then the NEXT softkey, to select the leg that runs from wa...
	4. Press the SELECT LEG softkey again, then the NEXT softkey, to select the leg that runs from wa...
	5. Repeat step 3 to select and navigate the leg line that runs from waypoint 12 to waypoint 13.
	6. Repeat step 3 again to select and navigate the leg line that runs from waypoint 13 to waypoint...



	6.3 Displaying Your Velocity

	7 GIS Data Acquisition
	7.1 Summary of the Procedure
	7.2 Equipment and Software Required

	A Common Operations
	A.1 Connectors and Cables
	A.1.1 How to Supply Power to a Portable Receiver
	Table A-1 . Connectors on the Rear PanelConnectors�
	1. Find and correct the cause of the incident.
	2. Inspect both fuses, and replace either or both, as required.


	A.1.2 How to Draw Power from a Portable Receiver
	1. Connect PWR 2&3 (or POWER) to a power source.
	2. Disconnect PWR��� I/O�1 from any power source.
	3. Connect the remote device to I/O�2 or to PWR��� I/O�1.
	4. From the Control menu, select POWER CONTROL. Press the CHANGE softkey to enable the power output.
	5. Turn on the remote device.


	A.2 Connecting a Serial Port to Another Device
	A.2.1 Choice of Data Cable
	A.2.2 How To Configure a Serial Port
	Table A-2 . Serial Port Parameters

	A.2.3 How to Use a Remote Protocol

	A.3 Setting the Power-Up Parameters to Their Defaults
	A.4 Configuring Single or Dual-Frequency Operation
	1. From the Control menu, select L1/L2 OPERATION. The receiver displays a screen like this:
	2. Press the L1 TRACKING and L2�TRACKING softkeys, if necessary, until lines�1 and�2 display the ...

	A.5 Entering Supplementary Data
	1. While starting a static survey or data logging session. After you enter the antenna informatio...
	2. While performing a static survey or data logging session. Press [LOG{{{DATA], if necessary, to...
	3. While performing a FastStatic or kinematic survey. Return to the surveying procedure's main in...
	4. Press the USER INPUT softkey. The receiver will display a screen similar to this one (an examp...
	A.5.1 How to Enter Event Marks and Comments (Only with Event Marker Input Option)
	1. Display the INPUTS menu as explained in “Entering Supplementary Data,” above.
	2. Press the MARK EVENT NOW! softkey. This creates an event mark, time stamped with the precise G...
	3. Press the EVENT MARK COMMENTS softkey. The receiver displays this screen:
	4. When the first line shows the ID of the event mark for which you want to enter a comment, pres...
	5. Enter a comment up to three lines long. If the ALPHA softkey is available, you must press it t...
	6. When the comment is complete, press ACCEPT or [ENTER]. The receiver returns to the INPUTS menu.

	A.5.2 How to Enter Field Notes
	1. Display the INPUTS menu as explained in “Entering Supplementary Data,” above.
	2. Press the FIELD NOTES softkey. The receiver displays this screen:
	3. Enter a field note up to three lines long. If the ALPHA softkey is available, you must press i...
	4. When the field note is complete, press ACCEPT or [ENTER]. The receiver returns to the INPUTS m...

	A.5.3 How to Enter Surface Meteorological Data
	1. Display the INPUTS menu as explained in “Entering Supplementary Data,” above.
	2. Press the SURFACE MET DATA softkey. The receiver displays this screen:
	3. Enter appropriate values in the fields.
	4. To leave the screen, press [ENTER] until the cursor is at the last field, then press it once m...


	A.6 Adjusting Local Time Zone and Time Displays
	A.6.1 Local Time Zone and Time Offset
	A.6.2 Time Display Format

	A.7 Using Local Datums and Projections
	A.7.1 How to Select a Local Datum or Local Zone

	A.8 Using and Caring for an Antenna
	A.8.1 Tripod with Tribrach
	1. Set up the tripod over the survey mark.
	2. Screw the tribrach base onto the tripod.
	3. Use the optical plummet as a guide to center the tribrach over the survey mark. Level the trib...
	4. If you are using a procedure that requires a quick-release adapter, screw the quick-release ad...
	5. If you are using a procedure that does not require a quick- release adapter, screw the antenna...
	6. Connect a receiver to the antenna and to a battery pack or other power source.
	1. If the antenna has a groundplane with a north arrow, rotate the antenna until the arrow points...
	2. Draw an overhead view of the antenna, including the north arrow, in your field notes. Identify...
	3. Assemble a Trimble measuring rod. Move to the north side of the antenna and put the pointed en...
	4. Go a third of the way clockwise around the antenna. Measure the antenna height again and recor...
	5. Your three raw measurements should agree within about 5�mm. If they do not, repeat all three m...
	6. Record the average of the three raw measurements. This is the antenna's uncorrected height.
	Figure A-1 . Measuring Uncorrected Antenna Height Directly
	1. Center and level the tripod head within the tolerances of your survey and the surveying proced...
	2. Locate a reference point on the tripod head or tribrach. The reference point should have a cle...
	3. Measure and record the horizontal distance from the reference point to the vertical axis of th...
	4. Draw a side view of the antenna and tripod in your field notes. Identify the observation that ...
	5. Use a measuring rod to measure the diagonal distance from your reference point to the referenc...
	6. Use the Pythagorean theorem to compute the height of the plane of the reference point above th...
	7. The antenna's corrected height is the sum of Hu, Cv, the height of the quick-release adapter a...
	Figure A-2 . Measuring Antenna Height Indirectly



	A.8.2 Fixed-Height Tripod
	A.8.3 Rangepole
	Setup.
	1. If you are using a data collector (an Asset Surveyor, Seismic Controller, or Survey Controller...
	2. If you are using the quick-release adapter and bayonet, screw the bayonet onto the rangepole a...
	3. If you are using the rangepole alone, screw the antenna onto the rangepole. This setup is equa...
	4. Extend the rangepole fully. Note the mark that runs part way around the rangepole's upper shaf...
	5. If you are using a data collector, pull the data collector bracket down to a convenient height...
	Figure A-3 . Rangepole with Support and Antenna

	Table A-3 . Correction Factors for Antenna Height


	A.8.4 Quick-Release Adapter and Bayonet
	Figure A-4 . Quick-Release Adapter and Bayonet

	A.8.5 Magnetic Mount
	Figure A-5 . Magnetic Mount

	A.8.6 Backpack Antenna Mount
	A.8.7 Antenna Cables
	A.8.8 Compact Dome Antenna
	Figure A-6 . Compact Dome Antenna
	Figure A-7 . Modular Antenna

	A.8.9 Modular Antenna
	Setup.
	1. Set up the tripod over the survey mark.
	2. Mount the tribrach base on the tripod.
	3. Use the optical plummet as a guide to center the tribrach base over the survey mark. Level the...
	4. Attach the Modular Antenna to the top of the receiver, the Battery Module to the bottom of the...
	5. Seat the tribrach adapter on the tribrach base and clamp it in place.

	Height measurement.

	A.8.10 Compact L1/L2 Antenna
	Figure A-8 . Compact L1/L2 Antenna with Groundplane
	Figure A-9 . Compact L1/L2 Antenna without Groundplane


	A.8.11 Compact L1 Antenna
	A.8.12 Permanent Reference Station L1/L2 Geodetic Antenna
	A.8.13 L1 Geodetic Antenna
	A.8.14 L1/L2 Geodetic Antenna and L1/L2 Kinematic Antenna
	A.8.15 4000ST and SST Kinematic Antenna

	A.9 Site Preparation and Planning
	A.10 Entering Antenna Parameters
	1. At the beginning of a preplanned static survey. The receiver prompts you for the antenna param...
	2. During a static survey or data logging session. Press the [LOG{{{DATA] key, if necessary, to d...
	3. During a FastStatic or kinematic survey. From the main survey screen, press the INPUT/CHGS sof...
	4. At the end of a survey. If you do not enter values for the antenna parameters during a survey,...
	5. Select CHANGES to display a menu similar to this one:
	6. Select ANTENNA HEIGHT to display a screen similar to this one:
	7. Fill in the fields as appropriate. Press ACCEPT or [ENTER] to accept each one:
	8. After you accept a value in the last field, the receiver returns to the main survey screen or ...
	Table A-4 . ANT TYPE Parameter Values


	A.11 Reading the Main Status Screens
	A.11.1 Main Status Screen 1
	1. Receiver's current status (see Table A-5).
	2. If a static survey is running, the approximate capacity of the remaining free memory, expresse...
	3. SV numbers of the satellites from which data is being logged or used. Satellites that are bein...
	4. The current power source, power gauge, antenna symbol, time, and time zone identifier.
	Table A-5 . Receiver Status on Main Status Screen 1

	A.11.2 Main Status Screen 2
	A.11.3 Main Status Screens 3 and 4

	A.12 Restarting a Session After a Power Failure
	1. Restore power to the receiver.
	2. After the receiver completes its power-up test, it displays this screen:
	1. Restore power to the receiver.
	2. After the receiver completes its power-up test, it displays this screen:
	3. To display the status screen or the main survey screen, as appropriate, press any key.

	A.13 Renaming the Current Data File
	A.14 Enabling Cycle Printouts
	A.15 Generating Single-Shot Printouts
	A.16 External Data Logging (Only with Memory Option)
	A.16.1 How to Install LOGST
	1. Create a directory on the computer's hard disk named C:\DOWNLOAD.
	2. Make \DOWNLOAD the current directory and copy all of the diskette's files into it.

	A.16.2 How to Start Using LOGST in the Shortest Possible Time
	1. Select an available serial port on the receiver and one on the computer. Disable all types of ...
	2. Configure the receiver's serial port to a known baud rate and data format, with FLOW CONTROL s...
	3. Connect the receiver's serial port to the computer's serial port with the appropriate cable.

	A.16.3 Command Line Options for LOGST
	A.16.4 Error and Status Displays from LOGST

	A.17 Downloading Logged Data
	A.17.1 What ‘4000’ Does
	A.17.2 How to Install the Downloading Program
	A.17.3 How to Get Started with the Downloading Program
	A.17.4 How the Receiver and Programs Handle File Names
	A.17.5 The “Disk Full” Condition
	A.17.6 Merging Split Files and Duplicate Files


	B Troubleshooting Guide
	1. Check the power supply cable. Are both ends securely inserted?
	2. Check the power source. Is it delivering DC to one of the receiver's power connectors?
	3. Try another power source if one is available.
	4. Check the in-line fuses.
	1. Be sure that the data cable is connected to the proper ports on the receiver and the remote de...
	2. Generate a one-shot printout on the affected receiver port. If the remote device is a modem, i...
	3. If CTS/RTS flow control is not being used, be sure that the cable's RTS/CTS data lines are not...
	4. Be sure that the baud rate and data format parameters are set to the same values for the recei...
	5. Restart the computer or modem; restart the application program you are running on the computer...
	1. Check the Status display. It should say GENERATING CORRECTIONS FOR SVs...�. If it does not, be...
	2. Check all of the cabling and digital communication settings as described in the preceding sect...
	3. Be sure that the external device is not trying to send status information back to the receiver...
	4. For a radio communication link, be sure that the transmitting and receiving ends are set to th...
	5. Be sure that the modem connected to the transmitter is not trying to transmit data at a higher...
	1. If the receiver is receiving RTCM data but is not computing position fixes:
	a. Be sure that RTCM INPUTS is set to ON or ON/AUTO. If RTCM PORT is set to the port where correc...
	b. Check the UDRE values of the incoming data. The receiver will not utilize a differential corre...
	c. Be sure that STATION ID is set to ANY or to the station ID that is found in the incoming data.
	d. Be sure that the corrections being received are for the same set of satellites that you are tr...
	e. If none of this works, let the rover acquire a new ephemeris by tracking satellites for about ...

	2. If the rover is not receiving RTCM data:
	a. Be sure that RTCM input is being read from the proper port.
	b. Be sure that no cycle printouts are directed to the same port. If the radio being used is a tr...
	c. Check all of the data link parameters for the modems, radios and rover.

	1. Be sure L2 P�code processing is enabled on all channels if you are using a procedure that requ...
	2. Be sure the applicable sync time parameter is set to a value that is appropriate for the proce...
	1. Check the azimuth and elevation of the SV and be sure there are no obstructions in the path of...
	2. Check the elevation mask to make sure that the SVs you want to track are not masked.
	3. Be sure that none of the SVs you want to track are disabled.
	4. Press [SAT{{{INFO] to check the health of the satellites. If any of the SVs you want are unhea...
	5. Recheck the receiver's antenna connections.
	6. Reposition the GPS antenna above any nearby transmitting antennas if possible.
	1. Check the PDOP on the POSITION screen. A PDOP near 7.0 yields moderate position accuracy. A PD...
	2. Check for an unhealthy satellite being used. Signals from an unhealthy satellite can produce b...
	3. Be sure the receiver is operating as a DGPS rover. If it is operating autonomously it will pro...
	a. Disconnect the data source from the receiver serial port.
	b. Power the receiver down and back up.
	c. Be sure that the baud rate and data format parameters are set to the same values at both ends ...

	1. Be sure that the receiver's serial port is set to 9600 baud, with data format 8-NONE-1.
	2. Be sure the receiver's protocol set to DATA COLLECTOR.
	3. Be sure the data collector's serial port is set to 9600 baud.
	4. Be sure the serial data cable is firmly attached to the ports on the data collector and the re...
	5. Remember that when the receiver is conducting a kinematic survey, it must be receiving data fr...
	1. Use the Control menu's DEFAULT CONTROLS screen to reset the receiver's factory default paramet...
	2. As a last resort, perform a hard reset on the receiver:
	a. Turn off the receiver.
	b. Hold down the [CLEAR] and [LOG{{{DATA] keys and press the [POWER] key.
	c. When the TEST MENU SETUP/CONTROL screen appears, release [CLEAR] and [LOG{{{DATA].
	d. Press the CLEAR ALL softkey.
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