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About This Manual

Welcome to the Trimble Geomati cs Office — Network Adjustment User
Guide. This manual describes how to adjust your GPS observations
and relate your measurements to published or assumed coordinates.

Even if you have used other Global Positioning System (GPS)
products before, Trimble recommends that you spend some time
reading this manual to learn about the special features of this product.

If you are not familiar with GPS, visit our web site for an interactive
look at Trimble and GPS at:

e  www.trimble.com

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

The following sections provide you with a guide to this manual, as
well as to other documentation that you may have received with this
product.

Trimble Geomatics Office — Network Adjustment User Guide ~ xi



About This Manual

Related Information
Other manualsin this set include:
e Trimble Geomatics Office User Guide, Volumes 1 and 2

This manual describes how to use the Trimble Geomatics
Office™ software. It is a complete user guide, providing
operating instructions for the Trimble Geomatics Office
software. The Trimble Geomatics Office software lets you
process the fieldwork from the Trimble Survey Controller
software.

e Trimble Geomatics Office— DTMLink User Guide

This manual describes how to set up and use the DTMLink™
software. This software is a powerful tool for creating new
surfaces and editing previously created surfaces.

e  Trimble Geomatics Office — RoadLink User Guide

This manual introduces you to the RoadLink™ software. The
RoadLink softwareis part of the Trimble Geomatics Office
software. It isapowerful reduction and processing package that
calculates cut and fill volumes for earthworks between the road
design and the Contour Surface Model.

*  Trimble Geomatics Office — WAVE Baseline Processing
User Guide

This manual describes how to set up and use the Trimble
WAV E™ Baseline Processing module if you have this module
installed. This module lets you process raw GPS field data
collected using Static, FastStatic, or Kinematic survey
techniques.

Aswell as being supplied in hardcopy, these manuals are also
available in portable document format (PDF).

Xii Trimble Geomatics Office — Network Adjustment User Guide



About This Manual

Other sources of related information are:

Help — The software has built-in, context-sensitive help that lets
you quickly find the information you need. Accessit from the
Help menu. Alternatively, click the Help button in adialog, or

press (F1).

Release Notes — The rel ease notes describe new features of the
product, information not included in the manuals, and any
changes to the manuals. They are provided as a PDF file on the
CD. Use Adobe Acrobat Reader to view the contents of the
release notes.

ftp.trimble.com — Use the Trimble FTP site to send files or to
receive files such as software patches, utilities, service
bulletins, and FAQs. Alternatively, accessthe FTP site from the
Trimble web site at www.trimble.com/support/support.htm.

Trimble training courses — Consider a training course to help
you use your GPS system to its fullest potential. For more
information, visit the Trimble web site at
www.trimble.com/support/training.htm.

Technical Assistance

If you have a problem and cannot find the information you need in the
product documentation, contact your local Distributor. Alternatively,
do one of the following:

Request technical support using the Trimble website at
www.trimble.com/support/support.htm

Trimble Geomatics Office — Network Adjustment User Guide  Xiii



About This Manual

Your Comments

Your feedback about the supporting documentation hel ps us to
improve it with each revision. To forward your comments, do one of
the following:

*  Send an e-mail to ReaderFeedback @trimble.com.

*  Completethe Reader Comment Form at the back of this manual
and mail it according to the instructions at the bottom of the
form.

If the reader comment form is not available, send comments and
suggestions to the address in the front of this manual. Please mark it
Attention: Technical Publications.

Document Conventions

The document conventions are as follows:

Convention Definition

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

Helvetica Narrow Represents messages printed on the screen.

Helvetica Bold Identifies a software command button, or

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

“Select Italics/ Italics’” Identifies the sequence of menus, commands,
or dialog boxes that you must choose in order to
reach a given screen.

Is an example of a hardware function key that
you must press on a personal computer (PC). If
you must press more than one of these at the
same time, this is represented by a plus sign, for

example, (Ctri}+{C).
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1 Introduction

Introduction

When surveying, it is good practice to collect extra data to check the
integrity of your observations. When a survey has extra observations
(redundancy), you can use them to minimize the effects of inherent
errors before producing final results.

The optional Network Adjustment module for the Trimble Geomatics
Office™ software provides a comprehensive set of tools that you can
use to:

e detect blunders and large errorsin your measurements
e account for systematic errors
*  estimate and model random errors

e constrain your measurementsto a published or assumed
coordinate system, allowing you to account for datum
transformations

*  report estimated errorsin your adjusted coordinates, adjusted
observations, and transformation parameters.

The Network Adjustment module was designed specifically for use
with the Trimble Geomatics Office software to provide a fully
integrated, straight-forward, easy-to-use workflow to accomplish
these tasks. It uses the rigorous and proven |east-squares technigues
that are incorporated into the earlier TRIMNET ™ Plus software.
These same agorithms were used as the basis for building the
underlying geodetic foundations of the new Network Adjustment
module. The Trimble Geomatics Office software, together with the
Network Adjustment module, helps you attain the highest levels of
precision and accuracy required for your projects.

2  Trimble Geomatics Office — Network Adjustment User Guide



Introduction 1

Table 1.1 lists the functionality that the Network Adjustment module
adds to your Trimble Geomatics Office software.

Table 1.1 Network Adjustment module

Name

Description

Network Adjustment program
(available from the Adjustment
menu or the project bar)

Use to perform a network adjustment for GPS and
terrestrial observations, analyze the results, edit the
network parameters, and readjust the network.

Use to set variance groups, weighting strategies, and select
observations to include in the adjustment.

Network Adjustment styles

Use to specify different controls for the network adjustment
and to save the control sets as named styles.

Network Adjustment report

Use to review the results of the adjustment in an HTML
report and perform quality-control checks.

Adjustment group in project bar

Use for quick access to commonly used network
adjustment procedures.

Ellipses toolbar

Use to configure the appearance of error ellipses in the
graphic window after a network adjustment has been
performed.

Before You Begin Your Network Adjustment

Before your begin your network adjustment, please read Appendix A,
A Guide to L east-Squares Adjustments. This information will give
you a better understanding of network adjustment requirements and
the procedures to correctly perform the adjustment.

In addition, see the document flowchart, Figure 1.1, to review the flow
of work with the Trimble Geomatics Office software.

Trimble Geomatics Office — Network Adjustment User Guide 3
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C

refer to the ‘

*All ‘ Set up project and select coordinate system - *chapters 3 & 4 ‘
hapters L

Import data files - chapter 5 ‘

Trimble
Geomatics ¢
Off/ce. User Transfer files to the Trimble Survey Controller software
Guide for fieldwork - chapter 6
unless
otherwise L
noted. ‘ Complete fieldwork ‘

v

‘ Transfer fieldwork files - chapter 7 ‘

v

Check and edit observations - chapters 8 & 9
A

Process GPS baselines -

User Guide - chapter 2

WAVE Baseline Processing

v

Perform a Network

View raw GPS data using Timeline - »
WAVE Baseline Processing
User Guide - chapter 5

A

User Guide - chapter 2

Adjustment - Network Adjustment

‘ Perform a GPS site calibration - chapter 10 ‘

v

‘ Process feature codes - chapter 11 ‘

v

‘ Edit the project in the Plan view - chapters 12 & 13 ‘

v

‘ Produce database reports - chapter 14 ‘

v

‘ Export to a third-party format - chapter 15 ‘

Figure 1.1

Trimble Geomatics Office software document workflow
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Adjustment Menu

The Adjustment menu gives you al the tools required to perform a
compl ete network adjustment. You can select each menu item
individually, in the order you prefer.

Supported Data Types

The network adjustment software supports a range of data types:

Postprocessed GPS — comes directly from your GPS survey

Real-time kinematic (RTK) GPS with Quality Control
(QC2) records — comes directly from your GPS survey

Terrestrial observations— can include conventional and leveling
observations

Geoid observations — extracted from a geoid model selected for
the Trimble Geomatics Office project

Each datatype is described in the following sections.

Postprocessed GPS Data

Typically, when establishing survey control for asite, you use
postprocessed data.

Generate postprocessed data after using static, FastStatic, and
kinematic surveying techniques. Use the following procedures for
these surveying techniques:

1.
2.
3.

Collect the GPS raw data in the field.
Store the data in the receiver or data collector.

Transfer the data to the Trimble Geomatics Office project. (For
information, refer to the Trimble Geomatics Office User Guide.)

Process the data using the WAVE™ baseline processor.

Trimble Geomatics Office — Network Adjustment User Guide 5



1 Introduction

The baseline processor produces the baselines and their error
estimates. You can then adjust these postprocessed baselines. For
more information on processing GPS baselines, refer to the WAVE
Baseline Processing User Guide.

Real-Time Kinematic GPS Data

Real-Time Kinematic (RTK) surveying is most often used for
collecting topographic data or staking out design points. It also can be
used for establishing secondary control points for your survey.

Collect real-time kinematic data using your Trimble GPS Total
Station. The procedure for surveying using RTK techniquesis:

1. Configure your data collector to collect QC2 records for
your survey. (For more information on collecting QC2 records,
refer to your Survey Controller documentation.)

2. Collect vectors, including the QC2 records, to each point you
are planning to use in an adjustment. The QC2 record contains
the errors associated with the observations used by the
adjustment.

3. Transfer the data to the Trimble Geomatics Office project for
adjustment.

Terrestrial Observations

Terrestrial observations are collected using arange of instruments,
such as conventional instruments and levels. Generally, the terrestrial
data consists of the following observations:

*  Horizonta angles
*  Vertica angles

» Deltaelevations
*  Slopedistances

*  Normal section forward or grid azimuths

6 Trimble Geomatics Office — Network Adjustment User Guide
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Note — Astronomic azimuths are not supported in the Trimble
Geomatics Office software.

Use the following procedure for terrestrial observations:

1. Inthefield, collect and store terrestrial datain your data
collector.

2. Transfer the datato the Trimble Geomatics Office software.
3. Check the observationsin the software.
4. If necessary, perform anetwork adjustment.

Note — If you intend to perform a network adjustment using data
transferred fromthe Trimble Survey Controller software, when you are
performing the survey, enter the following values for the Survey
Controller survey style: pressure, temperature, and correction for
curvature and refraction. For more information, refer to the Trimble
Survey Controller documentation.

Note — Partial observations (for example, imported horizontal angles)
can be adjusted in the Trimble Geomatics Office software. However,
they are not used in a recomputation.

Geoid Observations

A geoid observation (or geoid separation) represents the separation
between the dlipsoid and geoid at a point.

Geoid observations are:
e  extracted from a geoid model covering your survey area
»  applied to the observed height to provide an estimated elevation

Trimble Geomatics Office — Network Adjustment User Guide 7



1 Introduction

The Trimble Geomatics Office software generates geoid observations
from amodel using the positions of the pointsincluded in the
adjustment (network points). Several geoid models are included with
the Trimble Geomatics Office software. Other, more detailed, models
may also be available from local or national government surveying
agencies. The models were devel oped from governmental agency
surveys and are mathematical representations of a geoid surface that
approximates mean sealevel (MSL).

The network adjustment software properly models all errors
associated with the geoid model and observed ellipsoid heights.

8 Trimble Geomatics Office — Network Adjustment User Guide



CHAPTER

Performing a Network
Adjustment

In this chapter:

Introduction

When to perform a network adjustment

Network adjustment workflow

Selecting and editing the adjustment styles

Selecting observations for use in the adjustment

The minimally constrained adjustment

Viewing the Minimally Constrained Adjustment report
Troubleshooting the minimally constrained adjustment
Starting the fully constrained adjustment

The fully constrained adjustment

Viewing a Fully Constrained Adjustment report
Troubleshooting the fully constrained adjustment
Generating a final Network Adjustment report
Combining GPS, terrestrial and geoid observations in an adjustment
Additional adjustment considerations
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2 Performing a Network Adjustment

Introduction

This chapter provides an overview of performing a network
adjustment using the Trimble Geomatics Office software.

The step-by-step procedures, along with sample dialogs and work
flowcharts, will help you become familiar with performing a network
adjustment. The chapter also includes information for troubleshooting
network adjustments.

When to Perform a Network Adjustment

Perform a network adjustment after:
*  postprocessing your GPS raw data
* importing your RTK baselines (with QC2 data)
* importing and checking your terrestrial data

Use the adjustment to:
» anadyzetheerrorsin your GPS and terrestrial observations
»  detect mistakes (blunders) and large errors

»  distribute the random error in your observations using
least squares principles

« transform your observations to your local coordinate system

Note — Trimble recommends that you read Appendix A, A Guideto
Least-Squares Adjustments, before starting an adjustment.
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Performing a Network Adjustment 2

Figure 2.1 shows the Survey view of a sample network of FastStatic

GPS observations.
=, Trimble Geomatics Dffice - Example - [Survey] _[&@]x]
@Eile Edit View |nseit Select Survey Adustment Reports  Window Help -8 5[
PO e a5 | e e e [oE I EE
Trimble Survey

Projects

Impart

Process

Adustment

Weighting

<
a

Adiust

E

Adjustment Report

[Far Help, press F1 |608632,733m, 1827580.989m | mm;i EM

Figure 2.1  Survey view — sample network of FastStatic GPS observations

The project bar contains an Adjustment group.
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2 Performing a Network Adjustment

Network Adjustment Workflow
Two major steps are used to perform a network adjustment:
« theminimally constrained adjustment
» thefully constrained adjustment

This chapter describes the procedures for both steps, starting with a
minimally constrained adjustment, then moving on to the fully
constrained adjustment. Figure 2.2 shows the typical workflow for a
minimally constrained adjustment, and indicates the appropriate
chapter sections for performing the procedures.

Note — These steps will be used if you have GPS, terrestrial, or geoid
observations, or a combination of observation types.
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Checking the Project Properties

v

Setting the Adjustment Datum
(Minimally Constrained Adjustment)

‘ Selecting and Editing the Adjustment Style ‘
v
‘ Selecting Observations for Use in Adjustment ‘

v

‘ Constraining a Control Point ‘

v
Adjust
The Minimally Constrained Adjustment

v

‘ Viewing the Minimally Constrained Adjustment Report

Results

Troubleshooting the Minimall
acceptable? No 9 y

Constrained Adjustment

Yes
Locking the Weighting Changi
ging
Strategy Scalar F’ Weighting —
Strategies
$ Mistakes '\‘10
Saving Calibration Still Present? ‘
Coordinates
(Optional) No Viewing and
Excluding
Yes Observations —
Flagged as
Fully )
Constrained Outliers

Adjustment

Reprocess or
Reobserve

Figure 2.2 Minimally constrained adjustment flow
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The Importance of Coordinate Homogenization

Before you adjust datain your Trimble Geomatics Office project, you
must first import control points of agood quality. Thisis because after
you import your datainto the software, you need to perform a
recomputation to determine the cal culated position of the imported
points.

Poorly seeded coordinates can lead to improper scaling of
observations during baseline modeling, which then causes erroneous
results in the network adjustment. Vertical coordinate errors produce
scaling errors during modeling.

To prevent poor coordinates from being passed to adjustment, make
sure that:

» theobservations flow from a high quality coordinate

» thecoordinates are homogeneous, that is, no large closure errors
exist in the data

If you try to perform an adjustment while closure errors exist in your
project, the Non-homogeneous data warning dialog appears. Remove
non-homogeneities before proceeding with your minimally
constrained adjustment.

Note — It isonly during an adjustment with default scalars that the
software checks for non-homogeneity. If you edit data and intend to
perform another adjustment, make sure that the Default scalar option
(inthe GPS, Terrestrial, and Geoid tabs) in the Weighting Srategies
dialogis set.

For more information on recomputation, refer to the Trimble
Geomatics Office User Guide.
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Checking the Project Properties

The adjustment produces the final results (point coordinates) in the
current project coordinate system and units. Before starting the
adjustment, make sure that these are set correctly in the project
properties.

To do this:
1. Start the Trimble Geomatics Office software.

2. Open the project that contains the network of processed
baselines you are about to adjust.

3. Verify that the coordinate system and units are set correctly:

a.  Select File/ Project Properties. The Project Properties
dialog appears.

b. Inthe Coordinate System tab, check the coordinate system
details.

c. IntheUnitsand Format tab, check the unit details.
4. Click OK.

You can edit the project properties at any time while working on your
project. For more information on the Project Properties dialog, refer
to the Trimble Geomatics Office User Guide or the Help.
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Setting the Adjustment Datum
(Minimally Constrained Adjustment)

Set the adjustment datum before performing an adjustment. You can
use either of the following datums:

+ WGS84
e project

As GPS observations are made on the WGS-84 datum, use this datum
for aminimally constrained adjustment of GPS observations. When
the minimally constrained adjustment is compl eted, you can easily
switch the adjustment to your project datum for the fully constrained
adjustment.

For terrestrial observations, use the project datum for performing a
minimally constrained adjustment.

To change the adjustment datum:
*  From the Survey view, select Adjustment / Datum/ WGS-84.
The check mark indicates the selected datum.

Note — Selecting WGS-84 as the adjustment datum has no effect on the
Grid and Local coordinates in the Properties window. These
coordinates are displayed in the project coordinate system.

& Warning — Using a datum other than WGS-84 for adjusting GPS
observations produces different weighting results. This is because datum
differences are embedded into the observations during the baseline
modeling process.
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Selecting and Editing the Adjustment Styles

For the next step, select an adjustment style, check the settings and
make any required edits. Adjustment styles are useful for configuring
the adjustment settings to your requirements, then saving the style for
use on other projects. Use the Network Adjustment Syles dialog to set
the Active Syle and the following style information:

*  Generad —sigmascalars and tolerances

»  Covariance Display — reporting precision for both horizontal
(2D) and three-dimensional (3D) covariant terms

e  Terrestrial Controls— set terrestrial error estimates

»  Setup Errors— estimated errors for the GPS antenna height
measurements, GPS antenna centering (plumbing), height of
instrument, and instrument centering.

Note— All Trimble-supplied adjustment styles contain default settings.
Consult your project specifications for the required settings for your
reported results.

To select and view the adjustment styles:

1. From the Survey view, select Adjustment / Adjustment Syles.
The following dialog appears:

Hetwork Adjustment Styles 7] =]

Active Style: |95°/o Confidence Limits

95% Confidence Limits
99% Confidence Limits
One Sigma Edit .

Cancel

_ g |

Hew...
Copy...

Bename...

Delete

il

2. Select the style that you are using for this adjustment. For most
surveys, set it to 95% Confidence Limits.
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—\O/— Tip — You can edit the styles supplied with the Trimble Geomatics Office

= software or create a new style and then make the required edits. Click
New and enter the style name to create a new style. The 95% Confidence
Limits settings are used to create the new style.

3.

Click Edit to open adiaog for the selected style and begin

viewing the style settings.

Viewing the General Settings

After clicking Edit from the Network Adjustment Syles dialog, the
dialogsfor your selected style appear. The active tab is alwaysthe last
tab viewed.

Use the General tab to set or define the following options:

Use reduced column profile

Restrict covariant terms to observed lines
Compute correlations for a geoid model
Residual tolerances for the adjustment

Sigma scalars (confidence level) used to report the estimated
error in your observations and points displayed in the
adjustment report

Maximum iterations allowed to converge the adjustment
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To view the General settings:
1. Select the General tab, as shown below:

95% Confidence Limits

General | Covariance Display | Temestrial Controls | Set-up Emars

W ilse Beduced Column Profile
¥ Festiict Covariant Tems to Observed Lines
[™ Compute Corelations for Geoid Model

— Residual Tolerances—————————  ~ Sigma Scalars

To End Iterations: ID.DDDD1Dm Uniwariate: I'I.SED VI
Final Canvergence Cutaff: ID.DDEDEIDm Bivariate: |2. 447 vI

M aximum |terations: I‘I 0

] I Cancel

2. Check and edit the General settings.

Typically, your only concern will be the Sgma Scalars.
The sigmavalues for the 95% confidence level are:

— 1.960 for the Univariate (1D) scalar — used for azimuth,
distance and difference in height errors

— 2447 for the Bivariate (2D) scalar — used for error ellipses.

3. Tomakechanges (if necessary), select afield to edit and do one
of the following:

—  Select from alist.

—  Select or clear acheck box.

—  Enter an appropriate value in the field.
4. Click OK to apply your changes.
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Viewing the Covariance Display Settings
Use the Covariance Display tab to define:
» theconfidencelevels— Scalar on Linear Error (S

»  the method used to calculate and display the covariant termsin
the adjustment reports

» the constant term applied to the covariant terms.
To view the settings:
1. Select the Covariance Display tab, as shown below:

95% Confidence Limits

General Covariance Display | Tenestrial Contrals | Set-up Enmors |

~ Horizontal
Enpress Precision as: ~| Canstant Tem [C): IU-UUDUUUUDI‘H
Propagated Linear Erar [E] |15, | Scalar on Linear Erar [S): [1.950 -

~ Three-Dimenzional

Express Precision as: IHatic- v[ Constant Tem [CJ IU-UUUUUUUUm

Propagated Linear Errar [E): |L.S. ~ | Scalar an Linear Errar [5); |1.950 hd

¥ Use Elevation emors if available

] I Cancel |

2. Check and edit the Covariance Display settings.

Typically, you will need to edit the Scalar on Linear Error (S
for your project requirements. Most surveysrequire a
confidence level of 95 percent.

Note — Consult your project specifications for the required
confidence levels for your reported results.
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3. Tomake changes (if necessary), select afield to edit and do one
of the following:

—  Select from alist.

—  Select or clear the check box.

—  Enter an appropriate value in the field.
4. Click OK to apply your changes.

For more information about the propagated linear error, scalar on
linear error, and constant term, refer to the Help.

Viewing the Terrestrial Controls
Usethe Terrestrial Controls tab to:
e define standard errors for terrestrial measurements

»  gpecify whether to perform a horizontal or vertical adjustment
To view the settings:

1. Select the Terrestrial Controls tab, as shown below:

Hew Style 2 x|

Generall Covariance Display  Temestrial Controls | Set-up Errorsl

Meazurement | Default Std. Err.|Abzolute Min. Std. Er.| Proportional Min. Std. Err.
Haorizontal angles 0000500 0*00'on.ao” ?
Slope diztances 0.003m 0.002m 2. 000ppm
Wertical angles Q0000 Q0000 7
Level rod reading 0.0015m 0.001 0 ?
Genid zeparations ? 0.020m ?
Azimuths o0ao.aot o0ao.aot 7

¥ Perform Yertical Adjustment
¥ Perform Harizontal Adjustment

)4 I Cancel

2. Check and edit the Terrestrial Controls settings.

Trimble Geomatics Office — Network Adjustment User Guide 21



2 Performing a Network Adjustment

The default standard error, absolute minimum standard error, and
proportional minimum standard errors are listed for arange of
terrestrial observations.

If you do not specify error estimates for your observations, the
software uses the default standard error. The error estimate value must
always be greater than the minimum standard error. The absolute
minimum and proportional minimum standard errors are used when
they are larger than the standard errors that are provided with the
observations.

Viewing Setup Errors Settings

With surveys or measurements there are inherent errorsin the
equipment setup. You must account for these errors.

Use the Setup Errorstab to enter realistic error estimates for the GPS
and terrestrial equipment setup:

«  Error in height of antenna — measuring the antenna height

« errors—centering (plumbing) your antenna over the survey
point

e Error in height of instrument — measuring the instrument height

»  Terrestrial centering error — centering (plumbing) your
instrument over the survey point.

When estimating your setup errors, be careful not to overestimate the
error.
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2

For atypical survey using Trimble-provided height measurement rods
and well-calibrated tribrachs with optical plummet, use the guidelines

listed in Table 2.1.

Table 2.1 Setup error estimating guidelines

Setup error type Minimum value Maximum value
Error in height of antenna 0.000 m (0.000 sft) 0.004 m (0.013 sft)
GPS centering error 0.000 m (0.000 sft) 0.003 m (0.010 sft)
Error in height of 0.000 m (0.000 sft) 0.004 m (0.013 sft)
instrument

Terrestrial centering error  0.000 m (0.000 sft)

0.003 m (0.010 sft)

Note — These values are only guidelines and may need to be changed

to suit your application.

Trimble Geomatics Office — Network Adjustment User Guide
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To view setup errors:
1. Select the Setup Errors tab, as shown below:

95X Confidence Limits

General | Covariance Display | Terestrial Control:  Setup ElfDlSl

~GPS

Errar in Height of Antenna:

Centering Errar:

— Temesztrial

Error in Height of [nstrument: IU-UUUI'H
Centering Error: IEI.DEIDm

Ok I Cancel

2. Check the settings.
To make any required edits:
a.  Click inthefield to edit.
b. Enter the appropriate valuein the field.
c. Click OK to accept the style.
3. Click OK to continue.

The adjustment style now becomes the active adjustment style. These
settings are used globally throughout your adjustment.
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Selecting Observations for Use in the Adjustment
Typically, your project will contain different types of observations:

GPS Postprocessed Static, FastStatic, Stop-and-Go Kinematic,
and Continuous Kinematic

GPS Real-Time Kinematic (with and without QC2 records) and
Real-Time Continuous Kinematic

Terrestrial observations — horizontal angle, vertical angle,
distance, azimuth, and delta el evation observations.

Some of the observations require adjustment while some other
observations need only the generated adjustment parameters
(transformation parameters) applied to them. Consider the following:

The observations used to establish control points are adjusted to
detect and eliminate large errors, distribute the random error,
and generate error estimates for the points established.

Observations for secondary control points and other points may
only need the transformation parameters applied to transform
them to the local (project) datum.

Before you begin your adjustment, you must select the observations to
include in the adjustment. The Trimble Geomatics Office software
automatically selects certain types of observations for adjustment after
importing or postprocessing.
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Table 2.2 shows the observations that are automatically selected and
when they are selected. The remaining observations are sel ected
manually for inclusion in the adjustment.

Table 2.2 Observations selected automatically

These observation types ... are selected when ...
Postprocessed: saving the postprocessed
Static solution

FastStatic

Kinematic (Stop-and-Go only)

Real-Time Kinematic (with QC2) importing a .dc file
(Stop-and-Go only)

Imported postprocessed .ssf and .ssk importing an .ssf or .ssk file
Files:

Static
Fast Static
Kinematic (Stop-and-Go only)

Leveling observations importing a .raw or .dat file

Postprocessed Continuous Kinematic, Real-Time Continuous
Kinematic (with QC2), and Imported Postprocessed Continuous
Kinematic observations are displayed in the Observations dialog of
the network adjustment. However, they must be manually selected for
use in the network adjustment by selecting the check box in the

Use column.

Since the Trimble Geomatics Office software automatically selects
observations for you, you will need to manually unselect the
observations you choose not to adjust.

Note — When you are performing an adjustment in a non-geocentric
datum, and the ellipsoid heights (but not elevations) are fixed in the
Points dialog, Trimble recommends that you include all sideshot
vectors in the adjustment. This ensures that the best possible heights
are determined for those sideshot points.
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Selecting or Unselecting the Observations

There are several waysto select an observation for use in the network
adjustment. The same methods are used to unselect an observation.

To select or unselect observations for use in the network adjustment
use one of the following methods.

From the Properties window:

1.

From the Survey view, select the observation to use (or not use).
The observation is highlighted.

To view the observation’s properties, do one of the following:

—  Select Edit / Properties.

—  Select the Edit Propertiesicon.

—  Press(Alt] + (Enter).

—  Double-click on the observation.

The Propertieswindow appears with the observation(s) listed in
the Selection window.

If there are multiple observations in the Selection window, then
select the observation.

The observations properties are displayed in the Summary page
of the Survey tab. If there is awarning associated with the
observation, then the Warning page is shown.

To open the Summary page, click the Summary {b‘

button.

Select the Use in the Network Adjustment check box to select or
unselect for adjustment.

The observation is selected for use in the network adjustment
when the check box is selected.

The observation is not selected for use in the network
adjustment when the check box is cleared.
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Using the Multiple Edit Command

You can select multiple observationsfor usein the network adjustment
and make multiple edits at one time. (The method used to unselect is
in parentheses.)

To make multiple edits:

1. Select al the observations to use (or not use) in the network
adjustment. For more information, refer to the Trimble
Geomatics Office User Guide.

—\Q/— Tip — You can use view filters to show adjustable observations.

2. Inthe Survey view, select Edit / Multiple Edit. The Multiple
Edit dialog appears.

Select the Qurvey tab.

In the Perform these edits to the sel ected observations group,
select the Use in Network Adjustment check box. The Use
option becomes available.

Note — The Use in Networ k Adjustment check box is unavailable
if the selection includes observations that you cannot adjust.

5. Select Yes (or No to deselect).
6. Click OK to apply the edits to the selected observations.

The project status of al observationsin the selection is changed to use
(or not use) in network adjustment.
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To use the Observations dialog to unselect observations for use in the
network adjustment:

1.

4.

Select dl the observations to use (or not use) in the network
adjustment.

For more information, refer to the Trimble Geomatics Office
User Guide.

In the Survey view, select Adjustment / Observations. The
Observations dialog appears. Observations that are selected in
the Survey view are also selected in this dialog.

Select the GPStab or the Terrestrial tab.
L ocate the observation to select or desel ect.

Tip — When selecting or unselecting more than one observation, click
Filter to hide observation types that are not involved with the process.
You can also use the standard Windows selection methods to select
multiple observations ((Shift] or + click), then select one of the check
boxes for the group.

5.

Select the check box to select or unselect an observation.

The observation is selected for use in the network adjustment
when the check box is checked.

The observation is not selected for use in the network
adjustment when the check box is cleared.

Click OK to exit the Observations dia og.
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Constraining a Control Point

At this point in the adjustment, you must decide whether you will use
inner constraints (free adjustment) or constrain (fix) one of the control
points in the adjustment. With inner constraints, the program does not
constrain a point, but minimizes the amount of shiftsto the
coordinates of the points from their preadjustment values.

Using either method will produce the same statistics for your
observations, but there are advantages to constraining a control point.

Table 2.3 shows the advantages of constraining a point.

Table 2.3 Advantages of constraining a control point

Allows for the use of ... Advantage

the Reduce column profile option. Reduces:

If your network has a large number of - the amount of computer memory required to adjust

points and observations, constraining a network, possibly decreasing the amount of time

a control point will allow you to use required to complete an adjustment

the Reduce column profile option - the number of covariant terms computed for the

within the adjustment style. observed lines within the network, decreasing the
length of the list of terms.

more accurate coordinates to extract The coordinates used to extract geoid separations

geoid separations. from the geoid model should be as accurate as
possible. Constraining a point will fix the network of
observations and points to the correct place on the
datum. Then, later in the adjustment, you will use the
best possible coordinates when loading geoid
observations.

You may decide to fix a point in the network adjustment that does not
have a coordinate referenced to the adjustment datum (WGS-84) for a
minimally constrained adjustment. The Trimble Geomatics Office
software allows you to enter the local datum control values (grid or
geographic), then transform the coordinates to WGS-84 automatically
to match the adjustment datum.
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& Warning — Be careful when entering the ellipsoid height. If you enter the
local horizontal coordinate, make sure that you enter the local ellipsoid

height. Do not fix an ellipsoid height if you do not have a published

ellipsoid height for your control point. The Trimble Geomatics Office

software uses an inner constraint for the ellipsoid height if one is

not entered.

Identifying Control Quality

The Points dialog (accessible from the Adjustment menu) will identify
all control quality components of a point (in the adjustment) by
placing the corresponding NE, LL, e, or h symbol with parenthesisin
the Fixed column. The fixed component identifiers are automatically
placed in the Fixed column when importing information from:

« an NGS Datasheet

* an ASCII filewhen the Quality for Import data field of the
Import dialog is set to Control quality. For more information,
refer to the Trimble Geomatics Office Software User Guide.

An example is shown in the Points dialog on page 32.

Note — The geoid observations are usually loaded after completing
your minimally constrained adjustment and just before you start the
fully constrained adjustment.

Fixing a Point (Minimally Constrained Adjustment)

If you are performing a free adjustment, the stepsin this section are
not necessary. You can continue with the free adjustment starting on
page 34 below.
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Use the Points dialog for the next steps in the adjustment to view, edit
(if necessary), and fix the coordinates of the pointsin the network:

1. Inthe Survey view, select Adjustment / Points. The following
dialog appears.
Puoints Adjuzstrment Datum: MAD 1383 [Conus| oK I
Foint Marthing E asting Height Elew Fived | &
MO0 2 F05352.375m 1828075 555m 0.678m | 22.26Em | [NE he) 4|Ea”°e'
M 245 BOBEY0.53Tm 18239331.527m -4.128m | 28.748m |[e] Fix
KTOM BO7734.162m 1823226.800m -0.082m | 3277 2m [~ zD
COwWBOY BO7746.350m 1827335.553m -15.125m | 17.784m - Flei bt
WANVE BOBE27.E15m 1828553.533m -7.355m | 24.951m =
1000 BOEE45.43Tm 1828E658.600m -7.824m | 25.075m [~ Elev.
1001 BOEBEA.16E6m 1528783.859m -7.528m | 25.382m
ME COR G07141.000m 1528740, 354m -3.849m | 23.044m
M COR BOF071.971m 1528503, 075m -10.582m |22 323m
4000 BOEBE2.570m 1528650, 656m 833 2m | 24572m
4001 BOEBR5.432m 1528602112m -8.319m | 24.596m
4002 BOEBET 171m 1528601.659m .37 im | 25.535m
4003 BOEBR5.825m 1528534 557 m -8402m | 24.505m ;l
 Grid ¢ Local 0 wWGES-84
All pointsin the network adjustment are listed. The Points
dialog list will not include al the pointsin the project database.
The list includes only the points that are connected to
observations used in the network adjustment (networked).
Thelist will not include points exclusively connected to
observations not included in the network adjustment
(non-networked).
2. Select the coordinate display option that corresponds to your
control coordinates: Grid, Local, or WGS-84. The default isthe
Grid option.
The coordinates are displayed using the selected option.
Select the point to fix. The point information is highlighted.
4. From the Fix group, select the coordinates components to fix:

32

2D (NE or LL) and Height (h).
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Note — In the WGS-84 datum, do not fix more than one grid
coordinate; otherwise observations are constrained in the
wrong datum.

5. One of thefollowing will occur:

— If coordinate components of the highlighted point were
imported as control quality, the parentheses are removed
from the corresponding component (NE or LL, h). The
control values are displayed in the coordinate component
fields. The coordinate fields are available for editing, but
no editing is required.

— If no coordinate component of the highlighted point was
imported as control quality, the coordinate fields for the
highlighted point become available for editing, and NE or
LL or h appear in the Fixed column of the point.

6. If necessary, enter the control values (coordinates) for the point.

When you edit a point, the existing keyed-in coordinates for the
point are overwritten.

7. Click OK to continue with the minimally constrained
adjustment.

Note— As you fix the coordinate components (2D or Height) of a point
with an imported quality other than control, the software creates a
coordinate page for it in the Properties window. This page shows the
constrained component and value, along with “ ?” in the
unconstrained components. The keyed-in value takes precedence over
all other coordinate component values for the point.

Tip — If you edit a coordinate component, the coordinate component in the
Fix group is automatically selected. If you “unfix” the coordinate
component, the edits that you made are removed and the coordinate
component reverts to the original value.
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The Minimally Constrained Adjustment

You can now start the minimally constrained adjustment of your
network observations. You have completed the following:

»  defined your adjustment datum

»  selected the adjustment style

»  selected observations for adjustment

» constrained a point or allowed for a free adjustment

You can now perform the adjustment and analyze your observations.

Perform an Adjustment
To start the network adjustment:
1. Do one of the following:
—  From the Survey view, select Adjustment / Adjust.
—  Press(F10).

— Inthe Trimble Geomatics Office project bar Adjustment
group, select the Adjust icon.

2. View the status bar to determine the status of your network
adjustment.

The status bar displays the current iteration of the adjustment.
The adjustment will perform as many iterations as required (up
to the maximum set in the adjustment style) to meet residual
tolerance.

If the adjustment fails to pass the Residual Tolerance (does not
converge), see Troubleshooting the Minimally Constrained
Adjustment, page 40.
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3. Oncethe adjustment passes the residual tolerance (converges),
the software performs the following functions:

—  Updates the coordinates of the adjusted points.

— Retains the constrained point’s coordinates and point
quality (control).

—  Performs arecomputation. The recomputation determines
new coordinates for all non-networked points. The new
coordinates are computed using the non-networked
observations, propagating from the adjusted (and fixed)
coordinates.

—  Changes the symboal for the adjusted points. If you have a
black background, the symbols are white. If you have the
default background, the symbols are blue.

—  Generates error ellipses and arrows for each point in the
network adjustment.

4. Todisplay the Ellipse Controls toolbar:
—  Select View / Toolbars, then select Ellipse Controls.

The Ellipse Control toolbar appears in the Trimble Geomatics
Office window.

J@ﬁt [- — pootm 4

Use the toolbar to control the size and display of the error
ellipses and arrows.

5@} Tip — You can also view the error ellipse controls in the Error Ellipse tab of

= the View Options dialog (select View / Options).
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While in the Survey view, you can use the toolbar to make the
adjustments as described in Table 2.4.

Table 2.4 Ellipse Control Toolbar

Action Do this ...

Change the viewing size of the Drag the slide bar.
error ellipses.

Adjust the error ellipse bar Enter a value in a field or use the up
scale ticks. or down arrows.

Turn on or off the display of Select the ellipse and arrow icon.
error ellipse and arrows.

Turn on or off the height and Use the arrow icons.
elevation arrows.

5. Click the error ellipse and arrows icon to view the error ellipse
and arrows at each adjusted point in the survey.

6. Open the Properties window to view the Adjusted Values and
Error estimate (Error ellipse button) for each paint.

|Selec:tion & AZ T Suvey |E.-'3.D | .-’-‘n.ttributesl
@m $ |Enor estimate
Marthing: IW
E asting: W
Elevatiom: W
Height: W
b Confidence: Im

Now you can begin analyzing the results of the network adjustment by
viewing the Network Adjustment report. For more information, see
Chapter 3, Viewing the Network Adjustment Report.
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Observations and Points after an Adjustment

Once the adjustment is complete, you will have created adjusted
observations from the network adjustment. Consider the following:

The adjusted observations are available for viewing only in the
Network Adjustment report.

The observed (unadjusted) observations are shown as the active
solution in the Survey view.

The observed (unadjusted) observation is shown when selecting
an observation and viewing its properties in the Properties
window (Survey tab) Observation Page.

Also consider:

When selecting and viewing a point (included in the
adjustment) using the Properties window, the adjusted
coordinate values are shown for that point.

The recompute function uses the adjusted coordinates to
propagate coordinates to unadj usted points using the unadjusted
observations to the points not included in the network
adjustment.

The adjusted observations are not used by the recompute
function.

After performing afully constrained adjustment (Starting the Fully
Constrained Adjustment, page 61), the recompute function uses the
unadjusted GPS observations and the transformation parameters to
propagate coordinates to the GPS points not included in the network
adjustment. Applying the adjustment transformation parametersto
unadjusted observations will make the unadjusted and adjusted GPS
points homaogeneous within your project.

Note — Transformation parameters are not applied to terrestrial or
geoid observations.
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Viewing the Minimally Constrained
Adjustment Report

The Network Adjustment report displays the results of the last
iteration of the adjustment. The Network Adjustment report isin
HTML format and iswritten to the Trimble Geomatics
Office\Projects\< project name>\Reports\Netadj folder. You can view
the following information in this report:

e Adjustment style settings
— residual tolerances
— covariance display
—  adjustment controls
—  setup errors
o Statistica summary, including:
—  number of iterations
— global statistics
—  Observation statistics
—  weighting strategies
»  adjusted coordinates with estimated errors (grid and geodetic)
e control coordinate comparisons
e adjusted observations
*  histograms of standardized residuals
* point error ellipses
*  covariant terms

Note — For more information and a description of each report section,
see Chapter 3, Viewing the Network Adjustment Report.
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To use the Network Adjustment report to analyze and troubleshoot the
results of your first and subsequent adjustments:

»  From the Survey view, select Reports/ Network
Adjustment Report.

The program opens your HTML viewer and displays the report.
A report header (at the top) contains the project properties
relevant to the network adjustment. A table of contents listing
the sections of the network adjustment resultsis displayed on
the left side of the report.

Navigate to the sections of interest:
—  Tomove directly to a section, use the hyperlinks.

—  To navigate back to the top of the report,
click Project Details Link on the left of the screen.

Note — Whenever you view a report (immediately following an
adjustment), the Trimble Geomatics Office software creates a new
report. It stores the new report in the ...\Netadj folder, and moves the
current report to the ...\Netadj-old folder.
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Troubleshooting the Minimally Constrained
Adjustment

The next step in the minimally constrained adjustment is to
troubleshoot problems you may have with the adjustment.

Adjustment Fails — No Convergence

Typically your adjustment will converge. However, if the residua
differences exceed the Final Convergence Cutoff, the adjustment fails,
indicating that thereisalarge error in one or more of the observations.
A dialog will inform you that the adjustment did not converge.

When the adjustment fails, the adjusted coordinates, adjusted
observations, and displayed graphics are not available for analysis.

Successful Adjustment

The adjustment converges when the observation residual check is
within the tolerance set in the adjustment styles. The Trimble
Geomatics Office software computes the observation residuals using
two independent methods, then differences the two sets of residuals.

*  When the differencesfor all residuals are less than the set
tolerances (To End lterations), the adjustment converges. The
following message appears in the Network Adjustment report:

Successful Adjustment in # iteration(s)

* By default, the adjustment iterates a maximum of ten times
without passing the Residual Tolerances: To End Iterations.
If the adjustment does not converge on the tenth iteration, the
program uses the Final Convergence Cutoff tolerance.

«  |f the observation residual check for Final Convergence Cutoff
iswithin the tolerance, the adjustment converges. Thefollowing
message appears in the Network Adjustment report:

Successful Adjustment in # iteration(s) (final convergence cutoff used)

Now you can begin evaluating the network adjustment statistics.
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Evaluating the Statistics
(Minimally Constrained Adjustment)

When the adjustment converges and you have viewed the global and
observation statistics in the Network Adjustment report, decide if you
need to troubleshoot the network adjustment. Consider the following
indicators:

*  TheChi-square test fails.

*  One or more observations are flagged as outliers
(Sandardized residual > Critical Tau Value).

*  One or more observations have zero degrees of freedom
(Redundancy Number = 0.000).

*  The combined histogram of standardized residualsis sharply
pointed or too flat.
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Table 2.5 lists some problems you might see in aminimally
constrained adjustment. The table lists the problem and possible
cause, and suggests the actions to improve your statistics and overall
adjustment.

Table 2.5 Troubleshooting a minimally constrained adjustment

Problem

Possible cause

Action

Adjustment fails to
converge after
10 iterations

One or more large errors or
mistakes (blunders) exist in
the observations.

For example, an azimuth that
is incorrect by 180 degrees.

With GPS data check suspect baseline
solution statistics (Ratio, Reference
Variance, RMS).

Check the GPS Loop Closures report for
suspect baseline.

Check the Recompute report.

Make sure that your observations flow out
from good quality coordinates.

Check antenna, instrument and target
heights, correct any incorrect heights and
perform a recomputation.

Exclude (Not used) the suspect baseline
from network adjustment (if not a critical
observation in the network).

Once you are confident the baseline is a
problem that cannot be fixed, you can
Disable the observation.

Reobserve the suspect baseline (if critical
to network redundancy).
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Table 2.5 Troubleshooting a minimally constrained adjustment (Continued)

Problem

Possible cause

Action

Chi-square test
fails

If no outlier is present:

A priori errors for your
observations have been
underestimated.

Change the weighting strategy to
properly weight observations and
estimate errors.

Use the alternative scalar to scale the
estimated errors.

If outliers are present:

Large error(s) may be present
in observation(s).

See observation outlier troubleshooting in
this table.

Blunders still exist in one or
more observations

For example, an azimuth is
incorrect by 180 degrees.

In your GPS data, check suspect
baseline solution statistics (Ratio,
Reference Variance, RMS).

Check the GPS Loop Closures report.
Check the Recompute report.

Make sure that your observations flow out
from good quality coordinates.

If you are adjusting GPS data, check
antenna height measurements, type, and
method for each occupation. Correct
antenna errors and perform a
recomputation.

If you are adjusting terrestrial data, check
instrument and target heights. If
necessary, correct height measurements
and perform a recomputation.

Exclude (Not used) the suspect
observation from network adjustment (if
not a critical observation in the network).

Once you are confident the baseline is a
problem that cannot be fixed, you can
Disable the observation.

Reobserve the suspect observation
(if critical to network redundancy).
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Table 2.5 Troubleshooting a minimally constrained adjustment (Continued)

Problem Possible cause Action

Observation Noisy GPS baseline solution  Check suspect GPS baseline solution
Outlier statistics.

(Standardize Troubleshoot and reprocess the suspect
Residual > Critical baseline.

Tau Value) Exclude (Not used) the suspect baseline

from network adjustment (if not a critical
observation in the network).

Once you are confident the baseline is a
problem that cannot be fixed, you can
Disable the observation.

Reobserve the baseline (if critical to
network redundancy).

Bad antenna, instrument, or  Check GPS Loop Closures report for bad
target height measurement or closures caused by antenna heights.

plumbing Check field notes against antenna
heights, types, and measurement
methods for each station occupation.
Correct antenna errors and perform a
recomputation.

Check instrument and target heights in
field notes. Correct height error and
perform a recomputation.

Exclude (Not used) the suspect baseline
from network adjustment (if not a critical
observation in the network).

Once you are confident the baseline is a
problem that cannot be fixed, you can
disable the observation.

Reobserve the baseline (if critical to
network redundancy).
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Table 2.5 Troubleshooting a minimally constrained adjustment (Continued)

Problem

Possible cause

Action

Observation with
zero Degrees of
Freedom
(Redundancy
Number = 0.000)

The observation is a sideshot
(one of the points at either
end of the observation has
only one observation to it).

Add redundancy to the network at point
with one observation (observe additional
observations).

NOTE — The problem, possible cause,
and action are only valid when an
observation was not intended to be a
sideshot.

Sideshots can be included in a network
adjustment for the purpose of error
analysis.

Troubleshooting Action
(Minimally Constrained Adjustment)

After analyzing the Network Adjustment report and deciding on a
troubleshooting plan, perform one of the troubleshooting actionslisted
in Table 2.5. Perform each action independently (one-by-one) to
assess each problem’ s effect on the statistics (network reference factor,
Chi-square test and degrees of freedom). You may find that correcting
one problem will solve several other problems as well.

Note — You can also view the combined histogram of standardized
residuals.

Keep in mind the following guidelines while resolving the problems

with your network adjustment:

Before excluding an observation, attempt to resolve the
observation outlier by using the Alternative scalar weighting
strategy to scale the a priori estimated errors. If the observation
isstill an outlier, or if the scalar that is produced is excessively
large, then exclude (or disable) the observation.
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» If you decide to exclude an observation after changing your
weighting strategy, return to the Default scalar (1.00). This
returns all observation estimated errorsto their initial value,
eliminating any scaling introduced by the bad observation.

To begin resolving the problems with your network adjustment, do
one of the following:

» Closeyour HTML viewer.

* If youare still viewing the Network Adjustment report, leave
the viewer open and use (Alt}+Tab] to return to the Trimble
Geomatics Office program, .

The sections below describe the following actions:
«  changing the weighting strategy for GPS observations
»  viewing and excluding observations flagged as outliers

» disabling an observation

Changing the weighting strategy for observations

Changing the weighting strategy used for the adjustment is useful for
resolving the following problems:

e scaling the estimated errors of an observation outlier in an
attempt to bring the observation’s standard errors within the
Tau criteria

e scaling underestimated a priori errors of the observations,
allowing you to get a better idea of the true errorsin your
observations

Use the Weighting Srategies dialog to:

» view the scalar applied to the GPS, terrestrial, and geoid
observations

*  view the method used to apply the weights
*  view thetype of scalar used

* lock avaluefor the scalar
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For the first adjustment, the scalar weighting strategy is set as:
*  Apply Scalars To: All Observations
e Scdar Type: Default

This strategy applies ascalar of 1.00 to all the observations, thus
allowing the adjustment to use the initial apriori error estimates.

Note — For a minimally constrained adjustment, you do not need to
use the Geoid tab to set the geoid observation scalar weighting
strategy, since no observations are |oaded.

Asthe adjustment progresses, you will make changes to the weighting
strategies that will help you to analyze and properly distribute the
errorsin your network.

Note — Using the Automatic Scalar Type option, the alter native scalar
processis applied to successive adjustment iterations until the
Chi-sguare test passes. Before using the automatic scalar type, make
sure that you remove all blunders from your data set. Blunders cause
the over-scaling of other observations in the adjustment. For more
information, refer to the Network Adjustment Help.

Trimble Geomatics Office — Network Adjustment User Guide 47



2 Performing a Network Adjustment

To access the Weighting Srategies dialog:

1.

Weighting Strategies

# GF5 | R, Tenestrial | ¥ Geoid |

From the Survey view, select Adjustment / Weighting Srategies.
The following dialog appears:

2] x|

—apply Scalars To Scalar Type——— Szl Wl I? Cancel |
& |l Observations & Default B _
™ Each Observation ™ ltemative Lock | Eilter... |
" Wariance Groups " User-defined Bl |
~ )
Observations: Automatic
Obs I From paint I To paint I MNext Scalar I Type I Wariance Group I -
B1 WitWE KTOM 1.00 Static <GPS Default>
B2 MOON 2 WithE 1.00 Static <GPS Default>
B3 M 245 WAWE 1.00 Static <GPS Default>
B4 WitWE CoweOY  1.00 Static <GPS Default>
BS MOON 2 K.TOM 1.00 Static <GPS Default>
BE N 245 KTOM 1.00 Static <GPS Default>
BY KTOM CoweOY  1.00 Static <GPS Default>
Ba K.TOM WAWE 1.00 Static <GPS Default>
B9 W 245 KTOM 1.00 Static <GPS Default> |
B10 K.TOM COWEBOY 1.00 Static <GPS Default>
B11 MOOM 2 N 245 1.00 Static <GPS Default>
B12 MOON 2 CoweOY  1.00 Static <GPS Default> LI

Select the GPStab or the Terrestrial tab.

The observations are listed in along with the scalar value for the
next adjustment iteration. The scalar applied to the current
adjustment is shown in the Network Adjustment report.

The current weighting strategy is shown in the Apply Scalars To
and Scalar Type groups above the Observations window.

In the Scalar Type group, select Alternative.

By selecting this option, the program will multiply the Network
Reference Factor from the latest adjustment by the
Observations Scalar used in the latest adjustment to determine
the scalar for al estimated errorsin the next adjustment. This
valueis shown in the Next Scalar column.
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For GPS Adjustments, leave the Apply Scalars To set to All
Observations.

For most network adjustments you will evaluate the
observations within a cohesive network, thus applying asingle
scalar to the network (or all observations) as awhole.

Click OK to accept changes and continue.
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Figure 2.3 illustrates the relationship between the scalar and the
network reference factor (NRF).

Begin Adjustment After First
Adjustment

Default
Scalar = 1.00 NRF =1.72

¢—1.00 X 1.72J

Begin Second After Second
Adjustment Adjustment

New Scalar = 1.72 New NRF =1.50
¢—1.72 X 1.50J

Begin Third After Third
Adjustment Adjustment

New Scalar = 2.58 New NRF = 1.27
¢—2.58 X 1.27J

Begin Fourth After Fourth
Adjustment Adjustment

New Scalar = 3.28 New NRF = 1.12

]

A 4

Chi-Square Test Passes

Figure 2.3 Alternative scalar process
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Viewing and excluding observations flagged as outliers
Use this troubleshooting action to:
1. View the observations used in the adjustment.

2. Change the network adjustment status for the observation
outlier to exclude it from the adjustment.

In the Observations dialog Use column, a checked observation means
itisincluded (used) in the adjustment.

Use the Observation dialog to:
»  view the observationsincluded in the adjustment
*  view the network adjustment status of an observation

«  view the maximum (highest) standardized residual
Sd Res (Max) of the three baseline components of
each observation

»  change the network adjustment status of an observation
» disable an observation.

The Observations dialog Use column is for including (use) or
excluding (do not use) an observation in the network adjustment only.
When the Use column of an observation is cleared (not checked), it is
excluded only for the adjustment. The observation is still availablein
the database and is used by the recompute function. To disable the
observation from the project, see Disabling an observation, page 54.
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To use the Observations dialog:

1. Fromthe Survey view, select Adjustment / Observations. The
following dialog appears:

Dbservations 7| x|
4 GPS | b Terrestriall b)) Genidl
Obzereations: Camed |

|z | (W]} | Fram point | To point | Type | ‘Yariance Group | 5td Res [Max]l - Filter... |
Bz MOOM 2 WAE Static <GPS Default> 2.3

B11 MOOM 2 N 245 Static <GPS Default> 206

BE N 245 KTOM Static <GPS Default> -1.38

Ba KTOM WAE Static <GPS Default> 1.29

B15 MOOM 2 COwEBOY  Staic <GPS Default> 122

B13 MOOM 2 WAE Static <GPS Default> 1.4

B14 MOOM 2 N 245 Static <GPS Default> 1.15

B1 WAYE KTOM Static <GPS Default> 3130 Outlier  —
B12 MOOM 2 COwBOY  Staic <GPS Default> 0,96

BS MOOM 2 KTOM Static <GPS Default> 0.90

B4 WAYE COwBOY  Staic <GPS Default> 0.83 LI
—a nn [T 1= Tk MLotio Pl Tl T N 109 T

The tabs in the Observations dialog are:

*  GPS-the GPS observations (those defined as networked
observations).

»  Terrestrial —theterrestrial observations (those defined as
networked observations)

*  Geoid —geoid observations (if loaded). Geoid observations
from ageoid model typically are not loaded until you perform a
fully constrained adjustment.

—O} Tip — Click Filter to restrict the types of observations displayed in the
= Observations dialog — GPS or Terrestrial tab. When using the Filter
button, the observations omitted from the display are still used in the
adjustment.

2. Select the GPSor Terrestrial tab.
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6.

Check for observations flagged as outliers; they will have the
word Outlier next to the Sd Res (Max) (the standardized
residual).

To find the observations flagged as outliers, do the following:

—  Click the Sd Res (Max) column label to sort the values
from highest to lowest. The outliers will have the highest
standardized residuals and are at the top of thelist.

The value listed in the Sd Res (Max) column of the
Observations dialog is the highest standardized residual of
the observations three components. azimuth, distance, and
delta height.

In the Use column, clear the check box to exclude (hot use) the
observation in the adjustment.

This observation is not used in the next and subsequent
adjustments. If you later suspect the observation may have been
flagged as an outlier based on the influence of other observation
outliers, you can include (use) the observation at any time.

Before excluding an observation, attempt to resolve the
observation outlier by using the Alternative scalar weighting
strategy to scale the a priori estimated errors. If the observation
isstill an outlier or the scaling appears to be excessive (as seen
in the Combined Histogram), then exclude the observation.

If necessary, repeat step 3 to exclude each observation outlier
one-by-one to determine what influence it has on the other
observation outlier and the statistics.

When excluding observations one-by-one, you may find that
correcting one problem will solve several other problems.

Click OK to accept any changes and continue.

Note — If you decide to exclude an observation after changing your
weighting strategy, return to the Default scalar (1.00). Thisreturnsall
observation estimated errorsto their initial a priori values,
eliminating any scaling introduced by the bad observation.
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Disabling an observation

Once you are confident that an observation is bad, you can disable the
observation in the project database. Typically, you will not want the
recomputation to use the bad observation to compute any pointsin
your project. Disabling the observation will excludeit not only from
the adjustment, but from further use by the recompute function.

There are several waysto disable an observation. Use one of the
methods listed below.

Using the Observations dial og:

1.

6.

In the Survey view, select Adjustment / Observations. The
Observations dialog appears.

Select the GPS or Terrestrial tab.
Locate the observation to disable.
Place the cursor over the observation and right-click.

The selected observation is highlighted and the Disable
Observation command is available.

Select Disable Observation.

The observation is removed from the Observations list, its
project statusis changed to disabled. The observation is shown
asred in the Survey view.

Note — This option is only available for one observation at a
time. If more than one observation is selected, then the Disable
Observation option is unavailable.

Click OK to exit the Observations dia og.

Using the Properties window:

1.

From the Survey view, select the observation to disable.
The observation is highlighted.
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To view the observation’s properties, do one of the following:
—  Select Edit / Properties.

—  Select the Edit Propertiesicon.

—  Press(Alt}HEnter).

— Double-click on the observation.

The Propertieswindow appears with the observation(s) listed in
the Selection window.

If there are multiple observations in the Selection window, then
select the observation to disable.

The observations properties are displayed in the Summary page
of the Survey tab. If there is awarning associated with the
observation, then the Warning page is shown.

To open the Summary page, click the Summary {b‘

button.
In the Satus field, select Disable.

The observation’s project status is disabled and the observation
isshown as red in the Survey view.

Using the Multiple edit command:

1.
2.

Select all the observations to disable

From the Survey view, select Edit / Multiple Edit. The Multiple
Edit dialog appears.

Select the Qurvey tab.

In the Perform these edits to the sel ected observations group,
select the Set observation status to.

The check box is selected and the Satus options are available.
Select Disable option from the list.
Click OK to apply the edits to the selected observations.
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The project status of all observationsin the selection changesto
disabled and the observations appear red in the Survey view.

Note — If you decide to disable an observation after changing your
weighting strategy, return to the Default scalar (1.00). Thisreturnsall
observation estimated errorsto their initial value, and eliminates any
scaling introduced by the bad observation.

Continuing the Minimally Constrained Adjustment

Now that you have determined a troubleshooting plan, proceed with
the minimally constrained adjustment by readjusting the network. As
you can see from Figure 2.4, you begin to loop through a series of
statistical results and decisions until you are confident that you have
removed all large errors and properly distributed the error in your
observations; they pass the Chi-square test and the combined
histogram appears to be normally distributed.

When you are satisfied with your minimally constrained adjustment,
you can begin the fully constrained adjustment of your network. As
you move on to the fully constrained adjustment, you will be confident
that problems that you might see (high network reference factor,
outliers, and so on), are related to the control points and how your
network fits the control, and not to incorrect error estimation or bad
observations.
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| First adjustment |

v
> Determine troubleshooting action <
LA | N
h 4 A
| Chi-Square Test fails | | Observation with zero degrees of freedom

v

| Scale the estimated errors |
Blunders may
still exist in one Sideshot
ideshots
or more
observations N included in
| Outlier(s) | — | No Outlier(s) | o djustment?
1
1
! ' !
Change Weighting Strategy to Evaluate field
Alternative Scalar data, Determine why
. observations, )
1 observation(s)
1 and loop lacks
A 4 ! closures to find redundancy
Adjust and review results possible
blunders
T T Yes
No 1 No

Outlier(s)
within Tau
criteria?

h 4

New observations may be

! necessary, then adjust again
Separate y ) 9

Yes Actions

Fully

Lock Scalar Constrained Yes Passed Chi-
) Square Test?,
Adjustment
Exclude observation. Once you are certain the observation is a true outlier,
Set scalar type to Default. Adjust. the observation can be Disabled.

Figure 2.4  Troubleshooting — minimally constrained adjustment loop
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Locking the Weighting Strategy Scalar for
Observations

If you changed the weighting strategy to alternative scalar, you must
now lock the weighting strategies scalar before proceeding to the fully
constrained adjustment. The alternative scalar was used to scale the
estimated errors of your observations, allowing you to get a better idea
of the errorsin each observation.

You can stop calculating a new scalar before starting the fully
constrained adjustment when the adjustment meets the following
criteria:

All blunders have been removed.

The network adjustment passes the Chi-square test.

The scalar values are not unreasonably large.

The combined histogram appears to be normally distributed.

The observation residuals are acceptable.

To lock the scalar:

1.

In the Survey view, select Adjustment / Weighting Srategies.

The Weighting Srategies dialog appears (page 48). The
observations are listed along with the scalar type applied for the
next adjustment.

Click Lock to lock the scalar from the last adjustment.

The scalar type is automatically changed to User-defined
and the scalar for the last adjustment appears in the Scalar
Value field.

Click OK to save the changes.

Perform one adjustment with the scalar locked to make sure that
you are ready to proceed to the fully constrained adjustment.

Note — If you successfully used the automatic scalar option, the Scalar
Value field will already contain the correct user-defined scalar.
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Saving Calibration Coordinates

After completing aminimally constrained adjustment, the Trimble
Geomatics Office software allows you to save the WGS-84
coordinates of your adjusted points. These WGS-84 coordinates are
saved for use as GPS points in a GPS site calibration. The Adjustment
Datum must be set to WGS-84 to save the calibration coordinates.

If you are planning to perform a calibration, you must have the
following formats for the coordinates of your points:

«  WGS-84 latitude, longitude, and ellipsoid height (L, L, h)

* Aloca grid northing, easting - horizontal only (2D), or
elevation - vertical only (1D), or northing, easting, and
elevation (3D).

Saving the calibration coordinates after a minimally constrained
adjustment satisfies the first requirement. After completing the
fully constrained adjustment, you will have the second required
coordinate set.
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To save the calibration coordinates:

1. Fromthe Survey view, select Adjustment / Calibration
Coordinates / Save. The following dialog appears:

Save LCalibration Coordinates X|

Save coordinates for calibration

' Euisting poirts
Cancel |

 Mew points with suffi:. | GPS

2.  Select one of the methods for saving the calibration coordinates
described below in Table 2.6.

Table 2.6 Saving calibration coordinate options

Option Action

Existing points If you choose to save the coordinates under
Existing points, the coordinates are saved with the
same name. View these coordinates in the
Properties window.

New points with  If you choose to save the coordinates under New
suffix: GPS points with suffix: _GPS, a new point is created
with the point name:
<point name>_GPS.
You can edit the “_GPS” suffix in the New points
with suffix field prior to saving the calibration set.

The calibration coordinates are saved.

Note — If you have previously saved the calibration coordinates (using
either method), the previous coordinates are overwritten.
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Removing Calibration Coordinates

The Adjustment / Calibration Coordinates command also allows you
to remove the calibration coordinates from a project.

To remove the calibration coordinates:

From the Survey view, select Adjustment / Calibration
Coordinates/ Remove.

The calibration coordinates are removed from the project database.

Starting the Fully Constrained Adjustment

The next step in performing the network adjustment isto transform
your observations to fit the fixed control point datum (or Project
Datum). The fully constrained adjustment processis similar to the
minimally constrained adjustment. You will do the following:

1.
2.
3.
4,
5.

Adjust.

Evaluate the results of the adjustment.
Troubleshoot.

Determine a troubleshooting plan of action.
Adjust.

The differenceisthat you are fixing control points (as you loop
through the fully constrained adjustment) and evaluating how well al
of the control points and adjusted observations fit together. The
additional procedures you will work through in afully constrained
adjustment are the following:

Change the Adjustment Datum to the Project Datum that you
selected in the project properties.

If you are adjusting GPS data, load geoid separations into your
adjustment. Elevations (or heights) are determined using geoid
separations (observations) interpolated from the geoid model
selected in the Project Properties dialog.
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For GPS-only adjustments, the geoid separations are added to

the ellipsoid heights from the GPS observations, resulting in a
computed elevation. Typically, elevations are used as the fixed
vertical coordinate in afully constrained adjustment.

For terrestrial-only adjustments, you do not need to load geoid
observations.

Note — You do not need to load geoid observations when
performing a 2D (horizontal only) adjustment (that is, an
adjustment without GPS observations).

Note — If you are performing a combined adjustment with both
GPSand terrestrial observations, and you have a sparse
terrestrial network, load geoid observations before adjusting
your terrestrial data.

Generate the necessary transformations by constraining (fixing)
the control points you have selected for use in your network.
The control points aretypically well-established survey marks
with high-accuracy horizontal (2D) or vertical (1D) coordinates.
In some cases, the point will have both horizontal and vertical
(3D) coordinates.
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Setting the Adjustment Datum (Fully Constrained
Adjustment)

For afully constrained adjustment, set the adjustment datum to your
project datum. You must select the project datum to generate the
correct parameters used for transforming the GPS observations to the
project (local) datum.

To change the adjustment datum:

*  Fromthe Survey view, select Adjustment / Datum/ Project
Datum <Datum name>.

A check mark appears next to Project Datum — <Datum name>.

Figure 2.5 shows the typical workflow in afully constrained
network adjustment.
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the Project Datum

<
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Adjustment

Changing Weighting Strategies
for Geoid Observations
(if geoid observations have
been loaded)

’

Releasing a Control Point

|

Viewing a Fully Constrained
Adjustment Report

Are
Adjustment results
acceptable?

Yes

Locking the Weighting Strategy
Scalar for Geoid Observations
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been loaded)

v

Generating a Final Network
Adjustment Report

No—»

Troubleshooting the Fully
Constrained Adjustment

Figure 2.5
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Loading Geoid Observations

When adjusting GPS observations, geoid observations are required to
determine elevations on all the points in the adjustment.

You have worked with ellipsoid heights during the minimally
constrained adjustment of your GPS observations. During the fully
constrained adjustment you will begin fixing elevations to determine
elevationsfor al the points with unknown elevations in the network.

Note — You do not need to load geoid observations when performing a
horizontal adjustment.

To determine elevations, |oad geoid observations into the network
adjustment. To load geoid observations you must select a geoid model
in the Project Properties dialog. For more information on selecting
geoid models, refer to the Trimble Geomatics Office User Guide.

To load geoid observations:

1. From the Survey view, select Adjustment / Observations. The
Observations dialog appears (page 52).

2. Select the Geoid tab. The geoid observation list isempty. You
must load the geoid separations from the geoid model that is
selected for the project properties. If no geoid model is selected
for the project, the Load button is unavailable.

3. Click Load to load the geoid observations into the network
adjustment.
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The program interpolates geoid separations from the geoid
model for every point in the network adjustment, along with an
estimated error for each separation. Theresults are shown in the
Geoid tab, as shown below:

Dbservations X|
+# GPS | A Tenestial I} Geoid |
Obszervations: Load | Unload | Cancel |

|Jze I bz I Faint I S eparation I E rror I Wariance Group I Std Res | Eilter.. |
G1 W E -32.909m 0.022m <Geoid Default> ?
G2 k.TOM -32.855m 0.022m <Geoid Default> ?
G3 MOOM 2 -32.950m 0.022m <Geoid Default> ?
G4 N 245 -32.874m 0.022m <Geoid Default> ?
G5 COWEBDY  -32.910m 0.022m <Geoid Default> ?
GE WeVE-GPS  -32.909m 0.022m <Geoid Default> ?
GY 1000 -32.904m 0.022m <Geoid Default> ?
G8 10m -32.898m 0.022m <Geoid Default> ?
9 NE COR -32.893m 0.022m <Geoid Default> ?
G10 W COR -32.905m 0.022m <Geoid Default> ?
G11 1002 -32.907m 0.022m <Geoid Default> ?

4. Click OK to continue.

The program creates a separate variance group for the geoid
observations. This allows for separate analysis, weighting, and
scaling of the errorsin the geoid observations.

After the separations are loaded, the Unload button becomes
available. At any time you can unload the geoid observations from the
network adjustment.
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Constraining Control Points in the Project Datum

Consgtraining (fixing) control pointsin the project datum allowsyou to
do the following:

*  Generate parameters that will transform your observations to
your local coordinate system. As you constrain additional
points (horizontally and vertically), transformation parameters
are generated.

»  Check the quality of the control point coordinates you are using
in the network.

Note — The Trimble Geomatics Office software will not allow you to
have both network adjustment transformation parameters and GPS
site calibration parametersin a project. The transformation
parameters generated from the fully constrained adjustment are
removed from the project when a GPSsite calibration is performed
and vice versa. Complete all necessary work using the transformation
parameters prior to performing a GPSsite calibration.

With the minimally constrained adjustment, you found that the
observations are free of large errors, and any remaining error (random)
is properly distributed. You also found that the observations fit
together very well asarigid network. So, if you see any problemswith
the fully constrained adjustment (high network reference factor,
outliers, and so on), you know the problem is with the control points
that you are fixing, and not with the observations.

Trimble recommends that you use at |east three horizontal and four
vertical control pointsto generate transformation parameters with
confidence. With the recommended control, you will generate the
parameters and have an additional point to check the parameters
created.
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By default, the status of the following transformation parameters
(listed in Table 2.7) are set to unused:

GPS transformation parameters

— Distance Scale (DS)

— Distance Constant (DC)

— Height Constant (HC)

Terrestrial transformation parameters

—  All parameters except Azimuth Rotation
Geoid Transformation Parameters

—  All parameters

Note — Geoid and terrestrial parametersare not usedin a
recomputation. If you need these parameters to be applied to certain
observations, then those observations must be included in the
adjustment (for example, sideshots and azimuths.)

Use the Edit Transformation Group (GPS, terrestrial, and geoid)
dialog to change the status of these parameters for usein your network
adjustment. Do the following:

1.

From the Survey view, select Adjustment / Observation
Groups/ Transformation Groups. The Transformation Groups
dialog appears.

Select the GPS, Terrestrial, or Geoid tab.
Select the group that you want to edit.
Click Edit.
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The Edit Transformation Group dialog appears (GPS shown):

Edit Transformation Group

2] x|

Group Name: |<GPS Diefaults
Parameter Value Status Cancel |
Longitude Deflection | 0°00'00. Q00000 Computed
Latitude Deflection | 0F00'00.000000" | Computed £dd
Azimuth Fotation (00000, 000000 Computed R
Netwark Scale 1.00000000 Computed 4|—'3m°"e
Digtance Scale 1.00000000 Uhuzed
Digtance Congtant 0.00000000m Uhuzed
Height Constant (0.00000000m rused
Group Dbzervations:
Obs | From Pt | ToPt | Type | -
B2 MOOMN 2 WE Static
B3 WitWE W 245 Static
B4 W E COWEBDY  Stalic
BS MOOM 2 KTOM Static b
BE KTOM W 245 Static
BY KTOM COWEBDY  Stalic ;l
Available Dbzervations:
Obs | Fram Pt | TaPt | Type | Tranzformation Group | Eilter... |

5. Make any required edits.

The Distance Scale and Distance Constant in the GPS
transformation parameters can be computed or user-defined.
The values for these parameters are used to correct a known
systematic error in your measurements.

Note — Use of both Network Scale and Distance Scalein a GPS
Transformation Group is not recommended. Network Scaleis
used for datum transformations, and the Distance Scale is used
for systematic error modeling.

6. Click OK when you are finished.
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Table 2.7

Note — For more information and detailed descriptions of the
transformation parameters, refer to the Help.

For information on the terms used, see Appendix A, A Guide to Least-
Squares Adjustments, and the Glossary.

Table 2.7 lists the number of fixed coordinates required to verify fixed
control points.

Coordinate components verified by fixing control points

Number of fixed coordinates

Check of fixed coordinates

2D Elev (e) Height (h) Component verified
0-2 4or> 0-3 Elevation

0-2 0-3 4 or > Height

0-2 4 or > 4 or > Elevation & Height
3or> 0-3 0-3 2D

3or> 4or> 0-3 2D & Elevation
3or> 0-3 4 or > 2D & Height

3or> 4or> 4 or > All
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Fixing a Point (Fully Constrained Adjustment)
To fix acontrol point:

1. From the Survey view, select Adjustment / Points. The
following dialog appears.

Points El
Paints: Adjuzstrent Daturn; MAD 1383 [Conus) oK I
Point Marthing E asting Height Elev Fived | =

MOON 2 E05992.375m 1828075.585m -10.678m | 22.266m |[MEhe) ﬂl
W 245 BOEET0.53 m 1829391.527m -4.128m | 2B.748m |[g] Fix

KTOM EO07734.162m 1829226, 800m 0.082m  [32.772m [ 2
COwWEBOY E07746.950m 1827993.553m -15.128m  [17.784m ul Fleight
WitWE EOEE27.615m 1828553.593m 7.955m | 24.951m —

1000 EOEE45.431m 1828658, 600m 7.824m | 25.075m [ Elev.

1001 EOEEES.166m 1828783.889m 7.525m | 25.382m

WE COR EO07141.001m 1828740, 354m A9.849m [ 23.044m

W COR EO7071.971m 1828503.075m -10582m | 22,.323m

4000 EOEEE2.570m 1828650.686m B.332m | 24.572m

4001 EOEE5E.432m 1828602.112m B3 1m | 24.5%6m

4002 EOEES7.171m 1828601.699m F.37Im | 25.535m

4003 E0EE55.525m 1828594.597m B.402m | 24.505m ;l

& Gid ¢ Local  ‘wWE5S-84

The Points dialog identifies the control quality of a point by
placing the corresponding NE, LL, h, or e symbol with
parenthesis in the Fixed column. Once you fix the coordinate,
the parenthesis are removed and the control values are placed in
the coordinate field for that point.

2. Select thefirst point to be fixed. Typicaly, it is the point you
fixed in the minimally constrained adjustment.

3. IntheFix group, select the appropriate check boxes for the
coordinates you are constraining.

4. Enter the control (coordinates) for the point, if the control point
was not previously imported or keyboard entered as Control
quality.

5. Click OK to continue.
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The Fully Constrained Adjustment
1. Adjust the network using one of the following methods:
—  From the Survey view, select Adjustment / Adjust.

—  Press(F10).
— Inthe project bar Adjust group, click the Adjust icon.

2. View the status bar to determine the status of your network
adjustment.

The status bar displays the current iteration of the adjustment.
The adjustment will perform as many iterations (up to the
maximum set in the adjustment style) required to meet residual
tolerance.

Note — If the adjustment fails the residual tolerance (that is, it
does not converge), free and/or fix different control values. The
adjustment may not be converging due to incorrect coordinate
entry or poor coordinates.

For more information on the functions performed by the
adjustment, see Step 3, page 35.

3. Continuewith the fully constrained adjustment by analyzing the
initial results and constraining more control points.

Comparing Adjusted and Known Coordinates

After you fix the first point and perform an adjustment, you can
compare the adjusted coordinates to the known coordinates of the
other control pointsto determine the differences between the two. This
gives you an idea of how well the other control points will fit in the
adjustment.
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& Warning — If insufficient coordinates are fixed to calculate transformation
parameters during the adjustment, then the comparison between adjusted
and known coordinates is only valid when working with a project datum
that is similar to WGS-84 (geocentric). Some local datums require a
considerable amount of transformation (such as azimuth rotation and
network scale) before making a comparison of the coordinates. For this
type of project datum, perform the comparison only after fixing the
required number of points thus generating the transformation parameters.

When comparing the coordinates, consider the following guidelines:

* If you see large differences between the known and adjusted
coordinates on any one control point, you may have problems
constraining that point.

* If you seelarge differences between the known and adjusted
coordinate on more than one control point, you may have a
problem with the point(s) you have constrained, or you need to
transform the network.

Constraining Additional Control Points

To continue with the adjustment, constrain the other avail able control
points. You can constrain any number of control points, aslong asyou
have accurate coordinates for them.

Trimble recommends that you:

e Constrain aminimum of three horizontal and four vertical
control points.

e Adjust the network.

*  Analyzethe results before constraining any additional
control points.

Constraining the minimum number of points generates the
transformation parameters and alows for a check on those parameters.
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Note — As you constrain additional control points beyond the
minimum, you should constrain them, one-by-one. This allows you to
assess the results as each point is constrained.

Viewing a Fully Constrained Adjustment Report

The Network Adjustment report displays the results of the last
adjustment.

Note — For more information and a full description of each section in
the report, see Chapter 3, Viewing the Network Adjustment Report.

To use the Network Adjustment report to analyze and troubleshoot the
results of your fully constrained adjustment:

1. From the Survey view, select Reports/ Network Adjustment
Report.

The Trimble Geomatics Office software opens your HTML
viewer and displays the report.

2. Click the hyperlinksin the table of contentsto navigate directly
to the section of interest.

The selected section is displayed.
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Troubleshooting the Fully Constrained Adjustment

Use the Network Adjustment report to begin troubleshooting your
network adjustment. The troubleshooting procedures for afully
constrained adjustment are essentially the same as those for a
minimally constrained adjustment. You will review some of the same
statistics, but find that the cause of the problem may be different than
in the minimally constrained adjustment. Also, the required
troubleshooting actions may differ.

If you have a problem with the adjustment converging, see
Adjustment Fails— No Convergence, page 40 for afull explanation of
the message you will see.

Evaluating the Statistics (Fully Constrained Adjustment)

Constrain the minimum number of control points (three horizontal and
four vertical) to perform atrue eval uation of the fully constrained
adjustment. If you constrain only two horizontal and three vertical
points, you have only defined the parameters necessary to transform
the observations to your control (datum). Additional fixed-control
points alows you to evaluate or check the defined parameters. You
then know that any problems you encounter are related directly to
your control points.

When the adjustment converges and you have viewed the Statistical
Summary section in the Network Adjustment report, you must decide
if you need to troubleshoot.

Consider the following:

e Control coordinate comparisons in the Network Adjustment
report

« Largejumpsin the reference factor between adjustments
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Some problems you might seein afully constrained adjustment are
listed in Table 2.8. The table lists the problem, possible cause and

suggests the actions you can perform to improve your statistics and
overall adjustment.

Table 2.8 Troubleshooting a Fully Constrained Adjustment

Problem

Possible cause

Action

The adjustment failed
to converge after 10
iterations.

One or more large errors or
mistakes (blunders) exist in
one or more control points, as
a result of:

e occupying the wrong point

« the condition of the point
(moved or disturbed)

e measuring the wrong
antenna height on all
occupations of the point
(vertical)

e measuring the wrong
instrument or target height
on all occupations of the
point.

Systematically “unfix” or fix the
control points, leaving the minimum
number fixed, until the suspect point
is found. Then:

Verify correct occupation.

Check physical condition of control
point.
Check field notes.

Check antenna heights, type, and
measurement method.

Check instrument and target heights.

Check keyed-in or imported
coordinates.

There are large jumps
in the reference factor
between adjustments.

One or more large errors or
mistakes (blunders) exist in
one or more control point
coordinates, such as:

e coordinate(s) entered
incorrectly

* wrong coordinate(s)

e unreliable coordinates

Errors in the geoid

observations are
underestimated.

Verify correct coordinates and
datum.

Check coordinate source.

Apply a scalar (alternative) to the
Geoid Observation group.

76  Trimble Geomatics Office — Network Adjustment User Guide



Performing a Network Adjustment 2

Troubleshooting Action (Fully Constrained Adjustment)

After analyzing the Network Adjustment report and deciding on a
troubleshooting plan, perform one of the troubleshooting actionslisted
in Table 2.8. Perform each action independently (one-by-one) to
assess each problem’s effect on the network adjustment statistics. You
may find that correcting one problem will solve several other
problems as well.

To begin resolving the problems with your network adjustment, do
one of the following:

« If you are still viewing the Network Adjustment report, close
your HTML viewer.

*  Leavetheviewer open and use (Alt}+Tab] to return to the Trimble
Geomatics Office program.

The sections below describe the following actions:
* releasing acontrol point

«  changing the weighting strategy

Releasing a control point

Asyou constrain control points, you may find one or more that do not
fit with therest of the control points and observations. The reasons for
theill-fitting control point may include:

*  Thephysical control point may have been disturbed (moved).

*  There could be a problem with the coordinates, such as keying
in the wrong number or errorsin the origina survey.

»  Thewrong point may have been occupied.

Once you suspect a control point is bad, you can release the
constraints for the point.
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To release a constrained control point or component:

1. Fromthe Survey view, select Adjustment / Points. The Points
dialog appears (see page 71).

2. Select the suspect constrained control point.

The Fix group check boxes become available. You can release
any combination of coordinates components.

3. IntheFix group, clear the appropriate check boxes for the
coordinates components you are releasing.

The check mark is removed from the component check box.
Click OK to continue.

Perform another adjustment and review your resultsto
determineif the released control point is causing the problem in
your network. Remember that you must have the minimum
number of constraints (three horizontal and four vertical) to
analyze your result.

In some cases, the bad control points are difficult to find and may take
careful analysisto locate. Also, you may find that one component
(horizontal, ellipsoid height, or elevation) of the point is good, while
another is causing problems with the network. You can release the one
questionable component of control point, leaving the other
components constrained.

Table 2.8 on page 76 lists examples of some problems you might see
while constraining points for a fully constrained adjustment.

Changing the weighting strategy for geoid observations

Changing the weighting strategy used for the adjustment is useful for
resolving the following problem: scaling underestimated a priori
errors of the observationsto allow you to get abetter idea of the errors
in your observations.
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Use the Weighting Srategies dialog to do the following:
*  View the scalar applied to the geoid observation.
*  View the method used to apply the weights.
*  View thetype of scaar used.
* Lock avaluefor the scalar.

When the geoid observations are loaded, the scalar weighting strategy
for the geoid is set as:

*  Apply Scalars To: All Observations
e Scaar Type: Default.

Thisstrategy appliesascalar of 1.00 to all the geoid observations, thus
allowing the adjustment to use the initial error estimates.

Note — Do not change the weighting strategies for the GPS or
terrestrial observations at this point in the adjustment. The weights
have been determined during the minimally constrained adjustment
and should not be changed. Geoid observations need constraints set
before a weighting strategy can be determined for them.

Asthe adjustment progresses, you will make changes to the weighting
strategies, which will help you to analyze and properly distribute the
error in your geoid observations.

For more information on the Weighting Srategies dialog, refer to
the Help.
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To access the Weighting Strategies diaog:

1.

2.

Weighting Strategies

In the Survey view, select Adjustment / Weighting Srategies.
The Weighting Strategies dialog appears.

Select the Geoid tab, as shown below:

%]
@ GPS | R Tenestial IID Geoid |
—Apply Scalars To S-:a_l_gr T_I,Jp_u\ai Scalar Value: I? Cancel |
& &)l Dbservations &+ Default _
| BEach Dbseryation  Alemative Lock | Eiltere. |
1 Yaniance Hroups = User-defined Apply |
~ .
Observations: stz
Obsz | Foint | Mext Scalar | Separation | Error | Yariance Group |
Gl WAAWE 1.00 -32.909m 0.022m <Genid Default:
G2 ETOM 1.00 -32.858m 0.022m <Geoid Default:
G3 MO0OM 2 1.00 32 950m 0.022m <Fenid Default:
G4 M 245 1.00 -32.874m 0.022m <Geoid Default
G5 COwBOy  1.00 -32.970m 0.022m <Geoid Default:
GE WAVE-GPS  1.00 -32.909m 0.022m <Genid Default:
GY 1000 1.00 -32.904m 0.022m <Geoid Default:
G3 1001 1.00 32 898m 0.022m <Fenid Default:
G3 ME COR 1.00 -32.893m 0.022m <Geoid Default
G10 M’ COR 1.00 -32.908m 0.022m <Geoid Default:
G11 1002 1.00 -32.8900m 0.022m <Geoid Default

The geoid observations are listed in the Geoid tab along with
the scalar value for the next adjustment iteration. The scalar
applied to the current adjustment is shown in the Network
Adjustment report.

Note — The initial geoid separation error estimate is the
standard error of the set of separations. The Trimble Geomatics
Office software computes the geoid separations in the
adjustment and then determines the standard error of those
separations. Thisisonly a starting point for the estimation of
the errorsin the geoid separation and may require that you
scale the errors before a true representation of the estimated
errorsisachieved.
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The current weighting strategy is shown in the Apply Scalars To
and Scalar Type groups.

3. Inthe Scalar Type group of the Geoid tab, select Alternative.

For more information and a full explanation of alternative
scaling, see Troubleshooting Action (Minimally Constrained
Adjustment), page 45.

4. Leavethe Apply Scalars To set to All Observation.

For all network adjustments containing geoid observations,
evaluate the observations within a cohesive network, thus
applying asingle scalar to the network (or all observations) asa
whole.

5. Click OK to accept any changes and continue.

By selecting these options, the program will multiply the Geoid
Model Reference Factor from the latest adjustment by the
Geoid Observation Scalar used in the latest adjustment to
determine the scalar for all estimated errors in the next
adjustment. Thisvalueis shown in the Next Scalar column.

Note — For more information and detailed descriptions of the
Weighting Srategies dialog, Scalar type group or Apply Scalars To
group, refer to the Help.

For information on the terms used, see Appendix A, A Guide to Least-
Squares Adjustments and the Glossary.
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Continuing a Fully Constrained Adjustment

Now that you have determined and set a troubleshooting plan, proceed
in the same manner as the minimally constrained adjustment. You will
re-adjust the network after constraining each point, evaluate the
results, and continue with the same troubleshooting action or change
to another as you progress.

You begin to loop through a series of statistical results and decisions
until you are confident that you have removed al large errors,
properly distributed the error in your geoid observations, and correctly
defined the transformation parameters.

Locking the Scalar for Geoid Observations

If you have changed the geoid observation weighting strategy to
alternative scalar, you must now lock the weighting strategies scalar
for geoid observations.

You can stop calculating anew scaar in your geoid observationswhen
your adjustment meets the following criteria:

» All vertical control points are constrained.

*  Thegeoid observation reference factor and network
reference factor are around 1.00.

*  Thegeoid model reference factor is around 1.0 and the
following message appears:

The GPS height errors exceed the geoid errors

In this case, further scaling of the geoid error is not
recommended.

To lock the scalar:

1. Fromthe Survey view, select Adjustment / Weighting Strategies.
The Weighting Srategies dialog appears.

2. Select the Geoid tab. The geoid observations are listed in the
Geoid tab along with the scalar for the next adjustment.
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3. Click Lock to lock the scalar for the next adjustment.

The Scalar Typeis automatically changed to User-defined and
the scalar from the current adjustment is placed in the Scalar
Value field.

Click OK to save the changes and continue.

Perform one adjustment with the scalar locked to preserve the
weighting strategy and update the report.

Generating a Final Network Adjustment Report

At the completion of the network adjustment, you can generate afinal
report. For information on viewing and analyzing the report, see
Chapter 3, Viewing the Network Adjustment Report. For information
on formatting and exporting the information in your report, refer to
the Help.

Combining GPS, Terrestrial, and Geoid
Observations in an Adjustment

The previous sections describe the basic principles of performing a
network adjustment. The network adjustment involves performing a
minimally constrained adjustment and then afully constrained
adjustment.

In the Trimble Geomatics Office software, there are three classes of
observations available for s multaneous adjustment:

« GPS
e  Terrestrid
. Geoid
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This section describes how acontrol network containing combinations
of data can be adjusted. When combining observations, you must
check each set of observations before performing afully constrained
adjustment. This helps you detect errors more easily.

Tip — To select different data types when performing a combined
adjustment, use a selection set.

Tip — To perform a combined adjustment, you must tie terrestrial
observations into the GPS network. To do this, measure angles and
distances at points that are common with the GPS network. You need to
set up on at least two common points (points observed in both the GPS
and terrestrial data sets, or control points) that can tie the two data sets
together. This prevents a terrestrial traverse from “hanging off’ a GPS
observation by one point.

For more information on performing a network adjustment with a
combination of observation types, refer to the Help.

Import your data

If you have control quality points associated with your project, import
these points into your Trimble Geomatics Office project first. This
ensures that the control coordinates are used as starting pointsin a
recomputation. For more information, see The Importance of
Coordinate Homogenization, page 14.

Import and check any other data setsin your project. Make sure that
any error flags are investigated. For more information on importing
data, refer to the Help.

Note — When you import data, and you do not have the Always merge
duplicate points option selected in the Duplicate Point Options dialog,
you need to merge duplicate points.
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Prepare the GPS data

To perform aminimally constrained adjustment of your GPS
observations, do the following:

1.
2.

Select your GPS datain the graphics window.

Process your GPS data. For more information on processing
GPS data, refer to the WAVE Baseline Processing User Guide.

Perform a GPS |oop closure and view the GPS Loop Closures
report to ensure that the GPS data set is suitable for adjustment.

Remove any out-of-tolerance flags. These can appear because
of incorrect control coordinates, bad antenna heights, or wrong
point naming.

Select independent GPS baselines. For more information about
selecting independent baselines, refer to the Help or the WAVE
Baseline Processing User Guide.

Select the WGS-84 datum. To do this, select Adjustment /
Datum/ WGS-84.

If necessary, in the Network Adjustment Style dialog, change the
adjustment style settings.

In the Observations dialog — GPStab, select the GPS
observations to be included in the adjustment.

{Q} Tip — Use the Filter button in the Observations dialog to filter GPS
= observation types.

9.

10.
11.

If necessary, define observation groups (variance and/or
transformation groups) for the data.

Fix a control point in the Points dialog. (Thisis optional).

Set the weighting strategy. For the initial adjustment, set the
Apply Scalar to group to All Observations and the Scalar Type
group to the default option.
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12. Perform aminimally constrained adjustment. For more
information on performing aminimally constrained adjustment,
see The Minimally Constrained Adjustment, page 34.

13. View the statistical summary and the adjustment details in the
Network Adjustment report.

14. If necessary, perform step 12 and step 13 again, and any
troubleshooting, until the Chi-sguare test passes and you are
satisfied with the adjustment results. If you have selected the
Alternative Scalar option, lock the scalar valuein the Weighting
Srategies dialog.

Note — If you have selected the automatic scalar type option in the
Weighting Srategies dialog, the adjustment iterations are performed
until the Chi-sguare test passes.

Note — If you want to perform a calibration, save calibration
coordinates at this stage of the adjustment. View the saved WGS-84
calibration coordinates in the Properties window.

Your GPS datais now ready for afully constrained adjustment.

Prepare the terrestrial data

To perform aminimally constrained adjustment on your terrestrial
data, do the following:

1. Select theterrestrial observations in the graphics window.

Tip — You can use the view filters to view only terrestrial observations.

2. Select the project datum. To do this, select Adjustment / Datum/
Project Datum — <Datum Name>

3. Inthe Observations dialog — Terrestrial tab, select the
observations to be included in the adjustment.
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Note — If your terrestrial data does not consist of a closed
traverse (that is, the terrestrial observations are hanging from
the GPS observation network), you also need to load geoid
observations to ensure that the GPS and terrestrial
observations can be linked together using the geoid. If you
incorporate geoid data into your terrestrial adjustment at this
stage, you do not need to follow the “ Incor porate geoid
observations into your adjustment” step, which isoutlined in
the next section.

4. If necessary, define observation groups (variance and/or
transformation groups) for the data.

5. Set the weighting strategy. For the initial adjustment, set the
Apply Scalar To group to All Observations and the Scalar Type
group to default.

Note — If you set the Apply Scalar To group to Variance groups,
your observations will be automatically separated into the
appropriate groups.

6. Fix point(s) in the Points dialog.

Note — To perform a combined adjustment, the point that you fix
should be one of the points that is common between the GPS
and the terrestrial network.

7. Perform aminimally constrained adjustment. For more
information, see The Minimally Constrained Adjustment,

page 34.
8. View the adjustment detailsin the Network Adjustment report.

9. If necessary, perform another adjustment until you are satisfied
with the adjustment results. If you have selected the aternative
scalar type, lock the scalar value in the Weighting Srategies
dialog.

Note — If you have selected the Automatic scalar type option in the
Weighting Srategies dialog, the adjustment iterations are performed
until the Chi-sguare test passes.
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Incorporate geoid observations into your adjustment
Geoid errors are scaled in a constrained adjustment of the
observations. To perform a vertically constrained adjustment of your
geoid data, do the following:

1. Makesurethat ageoid model has been selected for the project.
Check the coordinate system details in the Project Properties
diaog.

2. Inthe Observations dialog, select the Geoid tab and load the
Geoid observations.

3. Set the weighting strategy in the Weighting Srategies dialog —
Geoid tab. For theinitial adjustment, set the Scalar Type group
to the default.

4. Fix elevations (and/or heights) in the Points dialog. Use at least
three constraints.

5. Select Adjustment / Adjust.

6. View the adjustment detailsin the Network Adjustment report.
If necessary, select the Alternative scalar type option, perform another
adjustment, and review the resultsin the Network Adjustment report.
Do this until the Chi-square test passes and you are satisfied with the
results. If you have selected the Alternative Scalar Type option, lock
the scalar value in the Weighting Srategies dialog.

Perform the fully constrained adjustment

Once you have locked in the error scaling in the minimally
constrained adjustment, you can perform a fully constrained
adjustment:

1. Makesurethe project datum is till selected.

2. Fix control pointsin the Points dialog.

Note — To perform a combined adjustment, fix at least two GPS

points horizontally. If possible, these points should be the

common points between the GPS and the terrestrial network.
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Select Adjustment / Adjust.

View the results of the adjustment in the Network Adjustment
report.

5. If necessary, perform further adjustments until you are satisfied
with the adjustment results.

After the adjustment, a set of coordinatesis saved for each point inthe
adjustment. View these coordinates in the Properties window.

\Q} Tip — If the adjustment does not converge because the Chi-square test
fails or the reference factor is not acceptable, then there may be problems
with your control coordinates. “Unfix” points (one at a time) in the Points
dialog and perform the fully constrained adjustment again until you find
the bad point. For more information on troubleshooting, see
Troubleshooting the Fully Constrained Adjustment, page 75.

Adjusting Level Observations

The following steps describe how to adjust terrestrial observationsin
the Trimble Geomatics Office software. Thisis not afull description
of each step, but a summary of the workflow required.

Import level observations
To import level observations:
1. Select File/ Import. The Import dialog appears.

2. Inthe Survey tab, select Digital Level Files (*.dat, *.raw). The
Open dialog appears.

3. Select the Digital Level fileto import. The Digital Level Import
dialog appears. Use this dialog to check the level observations.

4. Click OK. The Digital Level fileisimported.

Note — To view the level information in the Level report, select
Reports/ Level Reports.
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Viewing level observations

When data from adigital level isimported, there are no horizontal
coordinates associated with the elevations, so you cannot view themin
the Survey view. However, you can view leveling observationsin the
Properties window. To do this:

1.
2.

Select Select / All.

Do one of the following:

—  Select Edit / Properties.

—  Click (At)+{Enter).

—  Select the Properties window tool from the toolbar.

The leveling observations are displayed in the Properties
window.

Performing a minimally constrained adjustment

To adjust level observations:

1.
2.

Select the project datum.

Select the network adjustment style, paying particular attention
to the error estimate table in the Terrestrial tab.

Select the observations to include in the adjustment from the
Observations dialog — Terrestrial tab.

If necessary, define observation groups (variance and/or
transformation groups) for the data.

Set the terrestrial weighting strategy:

a. IntheWeighting Srategies dialog, select the Terrestrial
tab.

b. Inthe Apply Scalarsto and Scalar Type groups, select the
appropriate options.

Perform aminimally constrained adjustment.
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Note — If the levels are run as a simple line between two points,
you need to fix elevations for both end points. This provides
redundancy so that you can then run an adjustment.

7. View the results of the adjustment in the Network Adjustment
report. If necessary, perform another adjustment until you are
satisfied with the adjustment results.

8. If you have used the Alternative Scalar option, lock the scalar
value in the Weighting Srategies dialog.

Perform the fully constrained adjustment
You can now perform the fully constrained adjustment.
1. Makesurethe project datum is till selected.
2. Fix control pointsin the Points dialog.
3. Perform afully constrained adjustment.
4

View the results of the adjustment in the Network Adjustment
report.

5. If necessary, perform another adjustment until you are satisfied
with the adjustment results.

When the adjustment is completed, a set of coordinatesis saved for
each point in the adjustment. You can view these coordinates in the
Properties window.

Additional Adjustment Considerations

There may be times when your adjustment will involve additional
considerations and procedures. The following sections discuss two of
these additional considerations:

»  constraining elevations and ellipsoid heights simultaneously

* adjustments with varying surveying and processing methods
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Constraining Elevations and Ellipsoid Heights
Simultaneously

There may be conditions in your survey which require constraining
elevations and ellipsoid heights simultaneously to determine Latitude
Deflections, Longitude Deflections, and a Height Constant for the
geoid model. Thisis necessary when one of the following conditions
exigts:

*  Theproject geoid model coversalarge areaand may have small
regional variations that may not be accurately modeled.

*  Theproject geoid modd is referenced to an ellipsoid which
differsfrom the ellipsoid used by the project datum. An
example of thiswould be using the EGM 96 (aworldwide geoid
model, referenced to WGS-84) with alocal coordinate system
(referenced to alocal ellipsoid, for example, Bessel). The
differences between the two reference ellipsoids must be
accounted for using the geoid transformation parameters.

Use the process of simultaneously constraining an elevation and
ellipsoid height to detect these variations or systematic errors, then
account for them using the deflections and Height Constant.

This procedure requires the use of accurate elevations and accurate
ellipsoid heights of a control point. A minimum of three constrained
elevations and three constrained ellipsoid heights (not necessarily the
same points and the constrained elevations) are required to correctly
generate the parameters. A fourth constraint in each elevation and
ellipsoid height will check the parameters generated. Any number of
elevations or ellipsoid heights can be constrained simultaneously.

To set the Latitude Deflections, Longitude Deflections, and a Height
Constant to be computed:

1. Select Adjustment / Observation Groups/ Transformation
Groups. The Transformation Groups dialog appears.

2. Select the Geoid tab.
3. Inthe Groupsfield, select <Geoid Default> and then click Edit.
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In the Edit Transformation Group dialog, set the status of the
Longitude Deflection, Latitude Deflection and Height Constant
to Computed. (Each field becomes a drop-down list when you
clickinit.)

Note — By default, all parameters in the geoid transfor mation groups
are set to Unused. If you do not set these to Compute, you may receive
the following message: singular matrix error

Removing a Network Adjustment

You can remove a network adjustment and return your network to the
configuration you had originally. The following settings change:

The datum is set to WGS-84.

No points have a fixed status.
Error ellipses are removed.
Geoid observations are unloaded.

In the Weighting Srategies dialog, scalars are reset to All
Observations and Default.

To remove adjusted values:

Select Adjustment / Remove Adjustment.

Note — Observations that were disabled for adjustment, or those for
which the Use in network adjustment check box were cleared, are not
reset to the previous state.
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Introduction

This chapter provides an overview of the Network Adjustment report.
Use the report to review and analyze the results of the network
adjustment.

The Network Adjustment report contains:

adisplay of the adjustment style settings
acomprehensive statistical summary

the adjusted coordinates with estimated error
(grid and geodetic)

control coordinate comparisons

the adjusted observations with estimated errors
histograms of standardized residuals

the point error ellipses

covariant terms

The Network Adjustment report isin HTML format. You can do
the following:

View the report with your computer’s HTML viewer.

Navigate from one section of the report to another using links
embedded in the report.

Open the report in Microsoft Word (or another word processor
that can import HTML) if you want to make edits to the format
of the individual report.

If you select outliersin the report, then they are also selected in
the Survey view.
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Customizing the Network Adjustment Report

You can customize the information displayed in the Network
Adjustment report using the Network Adjustment Report Setup dialog.

To access this dialog:

Select Reports / Setup / Network Adjustment Report.

You can display the following items in the report:

Individual GPS observation statistics
Adjusted grid coordinates

Adjusted geodetic coordinates
Coordinate deltas

Control coordinate comparisons
Point error ellipses

Covariant terms

How to Use the Network Adjustment Report

Use the Trimble Geomatics Office software Reports menu to view the
Network Adjustment report when you have compl eted a network
adjustment.

To view and navigate through the Network Adjustment report:

1.

From the Survey view, select the Reports/ Network
Adjustment Report.

The HTML viewer software starts, and the Network
Adjustment report appears.

To navigate to other sections of the report, use the hyperlinksin
the report Contents.

To navigate back to the top of the report, use the Back to Top
hyperlink or your HTML viewer commands.
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Note — The adjustment styles affect the display of the information in
the report. For more information, see Selecting and Editing the
Adjustment Syles, page 17.

For more information about analysis and troubleshooting, see
Chapter 2, Performing a Network Adjustment.

The rest of this chapter describes the sections of the report and offers
information to consider when viewing the statistics.

Note — Whenever you view a report (immediately following an
adjustment), the Trimble Geomatics Office software creates a new
report. It stores the new report in the ...\Netadj folder, and moves the
current report to the ...\Netadj-old folder. If you |eave the Network
Adjustment report open between each adjustment, your HTML viewer
updates the display with the new report.

Tip — You can select outlier observations in the Survey view from the
Network Adjustment report. To do this, select the outlier Observation ID
from the Network Adjustment report (to select multiple observations,

use (Ctrl)). The current selection in the Survey view is replaced by the new
selection.
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Project Details

The Project Details section at the top of the report contains relevant
project information.

The fields are shown below. These reflect the project properties as
defined in the Project Properties dialog:

Project — name of project.

User Name

Date & Time —when the report was created.
Coordinate System

Zone - If acalibration site is selected, the zone is displayed as
the site name.

Project Datum
Vertical Datum

Geoid Model — Thisreads Not Selected if no geoid model is
selected.

Coordinate Units
Distance Units
Height Units

The report includes hyperlinks for navigating to all sections, and a
Project Details hyperlink for returning to the Adjustment Header.
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Adjustment Style Settings

The Adjustment Style Settings section summarizes the adjustment

settings made before the adjustment.

Toview it:

* Inthereport Contents, click Adjustment Style Settings.

Figure 3.1 shows an example of the Adjustment Style Settings section.

Residual Tolerances
To End Iterations : 0.000rm
Final Convergence Cutoff: 0.005m

Covariance Display

Horizontal
Propogated Linear Error [E] : U.S.
Constant Term [C] : 0.000m

Scale on Linear Error [S] : 258
Three-Dimensional

Propogated Linear Error [E] : U.5
Constant Term [C] : 0.000m
Scale on Linear Error [S] 258
Elevation Errors were used in the calculations.

Adjustment Controls

Compute Correlations for Geoid : False
Horizontal and Vertical adjustment performed

Set-up Errors

GPS

Error in Height of Antenna : 0.000m
Centering Error 0.000m
Terrestrial

Error in Height of Instrument ; 0.000m
Centering Error 0.000m

Adjustment Style Settings - 99% Confidence Limits

Figure 3.1  Adjustment Style Settings section
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Table 3.1 describes the Adjustment Style Settings fields.

Table 3.1 Adjustment Style Settings fields

Field

Meaning

Residual Tolerances

To End Iterations

This value is the residual tolerance used to determine if adjustment
iterations should continue or stop. After each adjustment iteration, an
observation residual is computed using two different methods. The
difference between the two computations is compared to the To End
Iterations tolerance. If the difference is less than or equal to the
tolerance, then the adjustment is completed.

Final Convergence
Cutoff

The final convergence cutoff tolerance is used for the final iteration of
the network adjustment. The software uses this value to determine if
the network adjustment is successful when the final iteration does not
pass the To End lterations tolerance.

Covariance Display

Propagated Linear
Error [E]

This value defines the horizontal (two-dimensional) or
three-dimensional propagated linear error. For more information on
propagated linear error, refer to the Help.

Constant Linear
Term [C]

The Constant Linear Term is a way of apportioning some error to a
constant component, leaving the remaining to be apportioned to a
proportional term. For example, if a distance-measuring instrument is
consistently measuring 15 mm short +/— a PPM term, then C would be
15 mm, which leaves the rest to be correctly related to the length of the
baseline.

This term must range from 0.0 m (0.0 US ft) to 0.1 m (0.3 US ft).

Scalar on Linear
Error [S]

Use this list to define the horizontal (two-dimensional) or
three-dimensional scalar for scaling precision to the desired level of
confidence. For scaling relative covariance matrices, the propagated
linear error is squared. For more information on Scalar on Linear Error,
refer to the Help.
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Table 3.1 Adjustment Style Settings fields (Continued)

Field Meaning

Adjustment Controls

Compute When using geoid observations in an adjustment, you must hold
Correlations for vertical coordinates fixed so that an overdetermined solution can exist,
Geoid and a geoid residual can be calculated for that point.

When this Compute Correlations for Geoid check box is selected, geoid
residuals are also calculated for points with unconstrained vertical
coordinates, using geoid model correlations between the points.

Setup Errors

Error in Height of Antenna height errort
Antenna

GPS Centering Error Plumbing (centering) error?
1

Error in Height of Instrument height error
Instrument

Terrestrial Centering  Plumbing (centering) error!

Error

1Used in the adjustment

Statistical Summary

The Statistical Summary section is an important tool for analyzing the
adjustment. Typicaly, you will go directly to the Satistical Summary
to analyze your results when performing a minimally constrained
adjustment. The Chi-square test is a key indicator of how well your
observations fit together. The network reference factor is akey
indicator of how well the observation errors are estimated.

To view the Satistical Summary section:

*  From the Contents section of the report, click Statistical
Summary.
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The Satistical Summary appears, as shown in Figure 3.2.

Statistical Summary

in3i

Hetwork Reference Factor : 0.95
Chi Square Test (0=95%) : PASS
Degrees of Freedom $27.00

GFS Observation Statistics
Reference Factor 1094
Redundancy Number (1) : 16.46

Individual GPS Observation Statistics

Observation ID||Reference Factor| Redundancy Number
B1 1.56 1.93
B2 0.20 1.94
B3 1.02 1.35
B4 0.69 234
B5 1.02 225
BB 1.51 1.02
E7 072 1.16
B8 0.26 239
B3 0.83 2.08

Figure 3.2  Sample Statistical Summary (truncated)

The Individual GPS Observation Satistics section includes statistics
for every GPS observation used in the adjustment.

Figure 3.3 continues the example of the Statistical Summary.
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Terrestrial Observation Statistics
Reference Factor 1099
Redundancy Number (1) : 9.00

Horizontal Angles: Reference Factor: 0.03 (i): 1.08
Ellipsoid Distances: Reference Factor: 0.25 (1): 4.92
AFlevations: Reference Factar: 0.19 (1): 3.00

Geoid Model Statistics
Reference Factor 1 0.64
Redundancy Number () : 1.54

Weighting Strategies

GPS Observations
User-defined Scalar Applied to All Observations

Scalar : 34 65

Terrestrial Observations
Alternative Scalar Applied to All Observations

Scalar: 0.19

Geoid Observations
Alternative Scalar Applied to All Observations

Scalar:7.11

Back to top

Figure 3.3  Sample Statistical Summary (continued / truncated)

The content of the GPS Terrestrial, and Geoid Observations sections
of the Weighting Srrategies section varies depending on the types of
observations included in the adjustment. The Geoid Observations
heading and fields are available in the report once they are loaded.

If the Weighting Strategies’ scalar typeis set to Variance Groups, the
GPS Observations fields reflect the results for the Variance Groups

included in the project.
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Table 3.2 clarifies these differences and describes the
Satistical Summary fields.

Table 3.2 Statistical Summary Fields

Field

Meaning

Number of lterations

The number of adjustment iterations required for successful adjustment
convergence.

Network Reference
Factor

How well the residuals from all observations in the network adjustment
compared to the pre-adjustment estimated errors of the observations.

A value of 1.00 indicates your estimated errors are matching your
residuals.

A value greater than 1.00 indicates your estimated errors are
underestimated.

Chi-Square Test

The quickest check of how well the adjusted network fits together.
When performing a successful least-squares adjustment, mathematical
closure of the network is one important factor. Consider the Chi-Square
Test as the best indicator of mathematical closure.

The test results are an evaluation of the Network Reference Factor
(NRF), Global Degrees of Freedom (GDOF), and the level of
significance. If the NRF is close to 1.0, the GDOF is acceptable and the
network observations are fitting together well (mathematically), the
Chi-Square Test passes.

Failure is the result of improper a priori weighting or a blunder, or both.

The Chi-square test can pass if the large setup errors are included in
the adjustment.

Degrees of Freedom

The amount of redundancy in the network. It indicates the number of
independent observations included in the adjustment that were used to
over-determine your solutions. Larger numbers of independent
observations will allow for better analysis and more confidence in your
results. Smaller numbers of independent observations are less
desirable.
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Table 3.2 Statistical Summary Fields (Continued)

Field

Meaning

GPS / Terrestrial Observation or Geoid Model Statistics

Reference Factor

How well the residuals from a type of observation (GPS, terrestrial, or
geoid) in the network adjustment compare to the pre-adjustment
estimated errors of those same observations.

A value of 1.00 indicates your estimated errors are matching your
residuals.

A value greater than 1.00 indicates your estimated errors are
underestimated.

Redundancy Number

The degrees of freedom of a type of observation (GPS, terrestrial, or
geoid) and how much the observation contributes to the overall network
redundancy. By scanning through the Individual Observation Statistics,
you can identify those observations that lack redundancy.

Variance Group Statistics

Reference Factor

How well the residuals from the observations in a variance group of the
network adjustment compare to the pre-adjustment estimated errors of
those same observations.

A value of 1.00 indicates your estimated errors are matching your
residuals.

A value greater than 1.00 indicates your estimated errors are
underestimated.

Redundancy Number

The amount of redundancy of a variance group and how much the
group contributes to the overall network redundancy.

Individual GPS Observation Statistics

Observation ID

Project record number assigned to the observation.

Reference Factor

Use the Reference Factor (RF) to determine how much the observation
contributes to the Network RF. This indicates how well the residuals
from a single GPS observation in the network adjustment compare to
the pre-adjustment estimated errors for that same observation.
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Table 3.2 Statistical Summary Fields (Continued)

Field

Meaning

Redundancy Number

Use the Individual Redundancy Number to evaluate how much
redundancy each GPS observation contributes to the Global Degrees
of Freedom.

Consider the following:

All numbers should be greater than 0.00 and less than or equal to 3.00.
Each observation contributes three components (azimuth, distance and
delta height) to the network, thus limiting the degrees of freedom to 3.

As the redundancy number approaches 3.00, the observation
progressively contributes more redundancy.

A redundancy number of 0.00 suggests the observation is not
connected with any other observation. In surveying terms, this condition
is called a sideshot. If the sideshot was not intentional, check why the
observation does not contribute to the overall redundancy.

Weighting Strategies

Observation Type

The title for a type of observation (GPS, terrestrial, or geoid). The report
updates to reflect the types of observations and variance groups
currently loaded in the adjustment.

Scalar type and
method of applying

Updates to reflect the current Weighting Strategies dialog settings for a
type of observation.

the scalar Possible values for the Apply scalars to method are all observations,
each observation, or variance groups.
Possible values for scalar type are default, alternative, or user-defined.
Scalar The scalar value used in the current adjustment.

If the default scalar type is used, the value will always be 1.00.

If the alternative scalar type is used, the value is the previous
adjustment reference factor multiplied by the previous adjustment
scalar.

If the user-defined scalar type is used, the value reflects the scalar
entered in the Scalar Value field of the Weighting Strategies dialog.

If Variance Groups is selected as the Apply scalar to method, the Scalar
field is updated to reflect the weighting strategies for a variance group.
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Adjusted Coordinates

The Adjusted Coordinates section offers a quick check for the
following statistics:

e adjustment datum used
e number of points

*  number of points constrained and which components of the
constrained points are held fixed

e univariate sigmascalar used

»  coordinate values of constrained points

* aposteriori (estimated) errors of each point in the adjustment
*  coordinate deltas

Usethe hyperlinksto navigate to different areas of the report to view a
summary or table for points from the last iteration of the adjustment.
The Adjusted Coordinates section is divided into four sections:

e Point Summary

*  Grid Coordinates

*  Geodetic Coordinates
*  Coordinate Deltas

The header section contains relevant point information, as shown
in Figure 3.4.

Adjusted Coordinates
Adjustment performed in NAD 1983 {Conus)

Number of Points 5
Number of Constrained Points: 3
Elevation Only 2
Horizontal and Elevation Only : 1

Figure 3.4  Adjusted Coordinates section
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Adjusted Grid Coordinates

This section shows the adjusted grid coordinates of each point in the

last adjustment. The coordinates include the a posteriori errors
multiplied by the univariate sigma scalar associated with each
coordinate component.

To view the Adjusted Grid Coordinates section:

From report Contents, click Adjusted Coordinates — Grid.

The Adjusted Grid Coordinates section appears, as shown in

Figure 3.5.

Adjusted Grid Coordinates

Errors are reported using 2.58c.
Point Name|| Northing H emor|| Easting E error| El e error || Fix
302 BO05766.835m || 0.000rm||455296.038m | 0.000m | 230.755m| 0.000m| N E &
12 B005105.6688m || 0.087 m|| 454858 .632m ||0.050m|| 234.881m|  0.000m [}
1 BO04814.147m||0.087 m||{454868.001m | 0.051m|| 234.881m||  0.003m
3m BO0G035.823m||0.040m||453806.659m | 0.173m || 327.158m ||110.830m
10 B004939.780m||0.087 m||455060.437 m | 0.048m || 234.881m||  0.000m e‘

Figure 3.5  Sample Adjusted Grid Coordinates section
Note — The Adjusted Grid Coordinates are always shown in the
coordinate system selected in the Project Properties dialog, even when
performing an adjustment using WGS-84 as the adjustment.
Table 3.3 describes the data fields in the Adjusted Grid Coordinates
section.
Table 3.3 Adjusted Grid Coordinates
Field Meaning
Point Name Name of the point.
Northing Northing coordinate of the point on the projection selected for the project.
N error Amount of Northing error, in project units.
Easting Easting coordinate of the point on the mapping projection selected for the
project.
E error Amount of Easting error, in project units.
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Table 3.3 Adjusted Grid Coordinates (Continued)
Field Meaning
Elevation Elevation of the point above or below mean sea level or the defined vertical
reference. N/A appears in this field when the elevation is not applicable
(geoid observations not loaded).
e error Amount of elevation error, in project units. N/A appears in this field when the
elevation is not applicable.
Fix Constrained points in the adjustment and the constrained coordinate

component. Constraining coordinate components include:
horizontal only (2D)

vertical only — Height (h) or Elevation (e)

horizontal and vertical.

All constrained coordinate components will have a posteriori errors of 0.000.
If no value is available for the elevation, then the elevation errors are
displayed as N/A.

Possible values include:
N E for the Horizontal 2D
e for Elevation

h for Height (Ellipsoid)

Adjusted Geodetic Coordinates

Thistable shows the adjusted geodetic coordinates of each point inthe
last adjustment. The coordinates include the a posteriori errors
multiplied by the univariate sigma scalar associated with each
coordinate component. The errors are shown in linear units based on
the project units.

To view the Adjusted Geodetic Coordinates section:

*  Fromthereport Contents, click Adjusted Coordinates —
Geodetic.
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The Adjusted Geodetic Coordinates section appears, as shown

in Figure 3.6.
Adjusted Geodetic Coordinates
Errors are reported using 2.58c.
Point Hame Latitude N error Longitude E error|| Height | h error Fix
302 360529658125 | 0.000m | 146°3012.31797"E||0.000m||238.877m|| 16.8585m ||Lat Lang e
12 36°05%51.04326"5 ||0.087m || 146°29'54 BI0EI"E |0.050rm ||249.718m || 12.805m [}

11

36°06T0 506945 || 0 067 m || 146°29'55 00524 "E ||0.051m||240 630m | 12.194m

301

360620 67716"S || 0.040m | 146*2912 81757 "E ||0.173rm {337 569m | 109441 m

10

36°06'54 B3860"S || 0.067 m || 146*3002 73725"E | |0.048rm ({248 .07 3m || 12.448m | e‘

Figure 3.6

Sample Adjusted Geodetic Coordinates section

Table 3.4 describes the data fields in the Adjusted Geodetic
Coordinates section.

Table 3.4 Adjusted Geodetic Coordinates
Column Meaning
Point Name Name of the point.
Latitude Angular value of the North/South coordinate component.
N error North/South coordinate component error in the project units.
Longitude Angular value of the East/West coordinate component point.
E error East/West coordinate component error in the project units.
Height Height above or below the ellipsoid in the project units.
h error Height error, in the project units.
Fix Constrained points in the adjustment and the constrained

coordinate component. Constraining coordinate components
include:

horizontal only (2D)

vertical only — Height (h) or Elevation (e)

horizontal and vertical

All constrained coordinate components will have a posteriori
errors of 0.000.

Possible values include:

Lat Long for the Horizontal 2D
e for Elevation

h for Height (Ellipsoid)

Trimble Geomatics Office — Network Adjustment User Guide 111



3 Viewing the Network Adjustment Report

Coordinate Deltas

The Coordinate Deltas section provides a quick check of the
difference in a point’s coordinates from the last adjustment to the
current adjustment. The deltas are shown in linear units based on the
project units set in the project properties.

The Coordinate Deltas section is most useful during afully
constrained adjustment, when you are evaluating changes in unfixed
coordinates after new constraints have been added to the adjustment.
To view the Coordinate Deltas section:

*  From the report Contents, click Adjusted Coordinates — Deltas.

The Coordinate Deltas section appears, as shown in Figure 3.7.

Coordinate Deltas

Point Hame | ANorthing | AEasting | AElevation || AHeight||AGeoid Separation
302 0.000m || 0.000m 0.000m || 0.000m 0.000m
12 -122.441m|[213.252m 0.000m || -0.001m 0.001m
1 -122.441m|213.245m 0.000m || 0.000m 0.000m
301 -122.416m|213.275m -0.007m|| -0.007m 0.000m
o -122.446m|213.249m 0.000m || 0.000m 0.000m

Back to top

Figure 3.7  Sample Coordinate Deltas section

Table 3.5 describes the data fields in the Coordinate Deltas section.

Table 3.5 Coordinate Deltas

Column Meaning
Point Name Name of the point.
A Northing Amount of change in the Northing component of the point.
A Easting Amount of change in the Easting component of the point.
A Elevation Amount of change in the Elevation component of the point.
A Height Amount of change in the Height component of the point,

if applicable.
A Geoid Separation Amount of change in the Geoid Separation of the point,

if applicable.
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Control Coordinate Comparisons

The Control Coordinate Comparisons section summarizes the
difference between the unconstrained coordinates and the adjusted
values of the control points. This section only appearsif it is selected
in the Network Adjustment Report Setup dialog.

Values shown are control coord minus adjusted coord.

Control Coordinate Comparisons

Point Name| ANorthing AFEasting ||AElevation| AHeight

302 -122.452m

213.268m 0.000m N/A,

Back to top

Figure 3.8  Sample Control Coordinate Comparisons section

Adjusted Observations

The Adjusted Observations section of the report contains a summary
of the observation type used in the adjustment, the associated
transformation parameters from each Transformation Group, and alist
of all the observations (GPS, terrestrial, and geoid) and their estimated

errors.

Use these statistics to review the following observation information:

adjustment datum

transformation parameters with their associated error estimates
(fully constrained adjustment)

the number of observations of that section’s type, and the
number of those observations that are outliers

Critical Tau value used in the adjustment

observations with their associated a posteriori (estimated)
errors, residuals, and standardized residuals

observation flagged as outliers
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To navigate to the Adjusted Observations section of the report:
*  From thereport Contents, click Adjusted Observations.

The Adjusted Observations summary appears, as shown in
Figure 3.9.

Adjusted Observations

Adjustment perfermed in NAD 1983 (Conus)

GPS Observations

GPS Transformation Group: =GFS Default=

Deflection in Longitude : -3°4604.5995" (2.580) : 3°65226.1876"
Deflection in Latitude :-1°31'54.1474" (2.580) : 2707'46.6726"
Network Scale : 099999172 (2.580) : 0.00011248

Number of Observations : 9
Number of Qutliers o1

Observation Adjustment (Critical Tau = 3.02). Any outliers are in red.

Obs. n A-posteriori Error q Stand.
D From Pt.|| To Pt. Observation ?2.580) Residual Residual
@ﬂ 302 301 Az, (| 28073147 .9997" 0°0012.9526" | 00001.8111" 332
AHt. £.571m 0.078m 0.036m 0.s2

Dist. 1514.040m 0.014m 0.008m 210

‘81 H302 HQ ‘ Az.|213°46'50.5964" 0°0016.32597" || -070003. 3464" 246
AHt. -0.532m 0.080m 0.012m 0.37

Dist. 793.036m 0.029m 0.034m 1.70

‘83 H12 H3EI1 ‘ Az.|311°460.0703" 0°0003.6837"||-0°0000.8461" -0.51
AHt. £.035m 0.064m 0.001m 0.08

Dist. 1404.732m 0.023m -0.016m -1.71

Figure 3.9  Sample Adjusted Observations section (truncated)

Note — The sample shows information for the GPS Observation.
Table 3.6 lists the fields for GPS terrestrial, and geoid observations.

Use the observation list to:
e Verify the number of observations used in the adjustment.

»  Evauatethe aposteriori errors of each component of the
observations.

*  ldentify those observations exceeding the Critical Tau defined
for the network (outliers). Suspect observations are highlighted
in red to help identify outliers.
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» Identify any unexpected transformation and large error
estimates in parameters.

Table 3.6 describes the adjusted observation fields.

Table 3.6

Adjusted Observations Fields

Field

Meaning

Adjustment performed in <datum>

Adjustment datum selected prior to beginning the
network adjustment

Observation Type

Title of the observation type with the associated
statistics below it

Number of Observations

Total number of adjusted observations

Number of Outliers

Number of outliers (observations with large
standardized residuals)

Observation Adjustment (Critical Tau)

Critical Tau value computed in the adjustment

GPS Observations

Observation ID

Project record number assigned to observation.

If the observation has an outlier, you can click on the
observation ID to select the outlier observation in the
Survey view.

From Point

Point used to propagate coordinates from

To Point

Point used to propagate coordinates to

Observations

Adjusted observation components (modeled onto
the adjustment ellipsoid)

A Posteriori Error (sigma)

A posteriori estimate of each observation multiplied
by the sigma value listed in the column heading

Residual

Observation residual (adjustment)

Std. Residual

Standardized residual for each observation
component
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Table 3.6 Adjusted Observations Fields (Continued)

Field

Meaning

Terrestrial Observations

Observation ID

Project record number assigned to observation

Backsight Point

Name of backsight point

Instrument Point

Name of instrument point

Foresight Point

Name of foresight point

Observations

Adjusted observation components (reduced to the
ellipsoid)

A Posteriori Error (sigma)

A posteriori error of each observation multiplied by
the sigma value listed in the column heading

Residual

Observation residual (adjustment)

Std. Residual

Standardized residual for each observation
component

Geoid Observations

Observation ID

Project record number assigned to observation

Point Name Name of point used to generate the geoid
separation
Separation Adjusted values of the geoid separation

A posteriori Error (sigma)

A posteriori estimate of each geoid separation
multiplied by the sigma value listed in the column
heading

Residual

Observation residual (adjustment)

Standardized Residual

Standardized residual for the geoid separation

Unused Observations

Observation ID

Project record number assigned to observation

Observation

Unused observation
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Table 3.6 Adjusted Observations Fields (Continued)

Field

Meaning

Level Observations

Observation ID

Project record number assigned to observation

Backsight Point

Name of backsight point

Instrument Point

Name of instrument point

Foresight Point

Name of foresight point

Observations

Adjusted delta elevation

A Posteriori Error (sigma)

A posteriori error of each observation multiplied by
the sigma value listed in the column heading

Residual

Observation residual (adjustment)

Std. Residual

Standardized residual for each observation
component

Azimuth Observations

Observation ID

Project record number assigned to observation

Backsight Point

Name of backsight point

Instrument Point

Name of instrument point

Foresight Point

Name of foresight point

Observations

Azimuth observations

A Posteriori Error (sigma)

A posteriori error of each observation multiplied by
the sigma value listed in the column heading

Residual

Observation residual (adjustment)

Std. Residual

Standardized residual for each observation
component
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Histograms of Standardized Residuals
The Histograms provide graphical views of the:
« frequency distribution of the standardized residuals
*  oObservation outliers
» normal distribution curve
»  critical tau values.
To view the Histograms section:

*  From the report Contents, click Histograms of Standardized

Residuals.
The Histograms appear as shown in Figure 3.10.

Histograms of Standardized Residuals

Tombined TCritical Tau: 3.02

Horizontal

Wetical

| | i
STENDARDIZED FESTDUAD =

Back to top

Figure 3.10 Sample Histogram of Standardized Residuals
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The Trimble Geomatics Office software generates three histograms:

Combined —residual plot for both the horizontal and
vertical observations

Horizontal —residual plot for the horizontal component of the
observations

Vertical —residual plot for the vertical component of the
observations

The Histograms show the frequency distribution of the observations
standardized residuals from the most recent adjustment. The
Observations section of the report lists the standardized residuals
(Std. Residual) associated with the histograms.

Consider the following when viewing the histograms:

The central vertical lineisthe zero residual. Because the
residuals are normally distributed, the smallest residuals are
clustered around the center and show the highest frequency of
the plotted residuals. The larger residuals are placed further
from the zero line and the frequency diminishes.

If the adjustment residuals are randomly distributed, the
frequency distribution plot approximates the normal
distribution curve. The curveis superimposed over theresidual s
plot.

The vertical lines to the left and right of the zero line indicate
the Critical Tau value. Residuals outside these lines are
considered outliers.

The bar scale represents the sigma value. The sigma values
match the standardized residual values in the Observations
section.
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Point Error Ellipses

The Point Error Ellipses section provides a graphical view of the
magnitude and direction of the point errors—both horizontal
and vertical.

To view the Point Error Ellipses:

»  From the report Contents, click Point Error Ellipses.

The error ellipse for each point appears, as shown in
Figure 3.11.

Pecint Error Ellipses

KTOM WAVE MOON 2

/

]

1

]

]

sih

I

]

]

]

45 Iy i

447

Tick Size: 0.0100m  Haorizontal Bivariate Scalar: 2. 450 Verti
1034 1035

cal Univariate Scalar: 1.960
1036

o

h

ol

1
50" !

Tick Size: 0.0100m  Horizontal Bivariate Scalar: 2.450  Vertical Univariate Scalar: 1.96¢

Figure 3.11  Sample Point Error Ellipses
The height error bars are drawn in black, closest to each ellipse.
Elevation error bars are drawn in blue, farthest from each ellipse.

The Point Error Ellipses graphically show:

the adjusted point’s horizontal coordinate a posteriori errors
Consider these guidelines when viewing the error ellipses:

»  Thetop of each plot is oriented to north.

Arrows to the right of the ellipse represent the a posteriori
errors for the heights and elevations.
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The bar scales running through the ellipse and arrow indicate
the magnitude of the errors.

The bar scale tick size is displayed in the project units along
with the bivariate scalar.

The orientation of the semi-mgjor axis (axis indicating the
direction of the largest error) is shown to the lower-left of the
ellipse. This angle is measured counter-clockwise from the
positive X axis.

The standard errors for the horizontal and vertical coordinates
are multiplied by the bivariate and univariate sigma scaars,
respectively.

Covariant Terms

The Covariant Terms section provides alist of the relative precisions
of the lines between point pairs. Thislist isuseful in determining the
relative error for any pair of pointsin the network.

You can display the Covariant Termsin two views:

All possible lines— Azimuth, Delta Ellipsoid Height, Delta
Elevation and Distance with associated errors and precisions
between every point pairsin the network

Observed lines — Azimuth, Delta Ellipsoid Height, Delta
Elevation and Distance with associated errors and precisionsfor
all observed lines only

To view the Covariant Terms:

From the report Contents, click Covariant Terms.

Trimble Geomatics Office — Network Adjustment User Guide 121



3

Viewing the Network Adjustment Report

The Covariant Terms section appears, as shown in Figure 3.12.

Adjustment performed In WGS-34

Covariant Terms

From Point| To Point Components A-pos(t']e.;ig;i)Error Horiz(hF;:ie‘:;ision 3D gaetci:(i,s)ion
WAVE  [MOONZ || Az208°3546.1525  0°00'00.4640" 1:28222 1:26222
AHt. -2.716m 0.005m
AElev. -2.685m 0.308m
Dist. 962 405m 0.034m
WaVE  [N245 Az.| 997255333907 0°00'01.0325" 128210 1:28210
AHL. 3.832m 0.009m
AElev. 3.797Tm 0.200m
Dist. 852.578m 0.030m

Figure 3.12 Sample Covariant Terms section (truncated)

122

Note — For information about how to set the method for displaying
Covariant Terms, see Selecting and Editing the Adjustment Styles,

page 17.

Table 3.7 describes the data fields.

Table 3.7 Covariant Terms Fields

Field Meaning

From Point Point used to propagate coordinates from.

To Point Point used to propagate coordinates to.

Components The azimuth, delta height, and distance between the

points.

A-posteriori A posteriori estimated error for the indicated components.
Error

Horz. Precision
(Ratio)

The two-dimensional precision of the distance between
two points in terms of proportional errors, expressed in
units of PPM or Ratio. No value is displayed if None is

selected in the adjustment style.

3D Precision
(Ratio)

The three-dimensional precision in terms of proportional
errors. For three-dimensional precision, the indicated
distance is the slope distance between points. No value is
displayed if None is selected in the adjustment style.
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Subnetwork Reporting

A survey can consist of subnetworks and thisis reflected in the
Network Adjustment report. The software generates information
associated with each subnetwork and includes the following
information in the report:

o Statistical Summary
*  Adjusted Coordinates
e Adjusted Observations

Use thisinformation to evaluate each subnetwork’s statistics.
Compare the subnetwork statistics to the overall network statistics to
help identify a source of error.
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A Guide to Least-Squares
Adjustments
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= Introduction

m The purpose of a least-squares adjustment
m The least-squares criterion

m  Error types

m Precision versus accuracy

m  Setup errors

m Least-squares statistics

m Variance groups

»  Network adjustment procedures



A A Guide to Least-Squares Adjustments

Introduction

This appendix introduces the primary concepts of |east-squares
adjustments of survey networks. Thisinformation will help you to use
the Trimble Geomatics Office software to produce professional results
from network adjustments. The least-squares terminology used in the
Adjustment menu and dialogs is defined and explained using as few
mathematical terms as possible.

For more information about terminology, see the Glossary in this
manual and refer to the Help for a bibliography of references.

The Purpose of a Least-Squares Adjustment
The purpose of aleast-squares adjustment isto:
*  estimate and remove random errors

» provideasingle set of coordinates for the points even when
thereis redundant data.

*  detect blunders and large errors

* generate information for analysis, including estimates
of precision.

The Least-Squares Criterion
Perform aleast-squares adjustment to determine the following:

*  Thereareno blunders and systematic errorsin the observations
and control points.

*  Remaining errors are small, random, and properly distributed.

A least-sguares adjustment ensures good positional closures and
estimates of errors (repeatability). Thus, it ensures the reliability of
your current and future measurements.
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The criterion of aleast-squares network is stated in two parts:
*  Thenetwork must close geometrically and mathematically.
*  Thesums of the squares of the residuals must be a minimum.

Figure A.1 illustrates good network geometry.

Figure A1  Network geometry

Good Network Design

Good network design principles are required if your network isto
close geometrically. A GPS network design consists of a set of
baselines between network points. These baselines have angular and
spatial relationships amongst themsel ves. These relationships provide
the network with geometry.

The baselines connecting these points should create closed figures
with a minimum number of sides, such as triangles. Triangles will
create arigid network by adding more baselines, thus helping generate
redundancy and multiple, evenly distributed baselines to each point.
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Note the following about points:

»  The points with multiple baselines are networked points using
networked observations.

* A point with asingle observed baseline (sideshot) to determine
its position is considered a non-networked point, and adds
nothing to the geometry and redundancy of your network.

To maintain good network geometry as the survey progresses, pay
attention to the way the network develops. Asyou exclude (or disable)
bad observations from the network, maintain closed geometric figures.
In some cases, this might require reobservation of the baseline to
replace the observation you removed.

Good Surveying Techniques

The network must be free of large errorsthat prevent it from closing
within mathematical tolerances. Use good surveying techniques:

»  Make careful, repeated measurements.
e Maintain your equipment.

. Be aware of the environmental conditions that introduce
additional error into your measurements.

Use good surveying techniques to reduce the possibility of large
errors, to minimize corrections made to your measurements, and to
close the network mathematically. The least-squares adjustment will
provide the results hecessary to troubleshoot problems.
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Error Types

By performing a network adjustment, you can identify gross errors
and properly distribute (model) the remaining inherent errorsin all
measurements. L east squares evaluates the errors associated with a set
of measurements. Three common types of errors are:

*  mistakes (blunders)
e systematic errors
e random errors.

These errors are described in the following sections.

Mistakes

In many surveying textbooks, mistakes are considered blunders and
are not typically recognized as errors. However, in the context of this
discussion, mistakes are to be considered errors. Unlike other error
types—which are associated with equipment—mistakes are caused by
inattention or carelessness. Mistakes of this type are usualy large and
must be corrected or removed before adjusting your network.

Leaving mistakes in the network has an adverse effect on the network
adjustment. Some of these mistakes are found before processing your
baselines (for example, note-keeping mistakes), or sometimesthey are
found after the baselines are processed and evaluated with loop
closures.

Note — The recompute function in the Trimble Geomatics Office
software is also useful for detecting large errorsin the observations.
For more information, refer to the Trimble Geomatics Office User
Guide.

If the mistakes are not found before performing an adjustment, the
adjustment will assist in detecting and highlighting mistakes.
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Examples of common mistakes in GPS surveying include:
» incorrectly measuring the antenna height
e occupying the wrong survey point
e entering the wrong station name

e entering incorrect coordinates.

Systematic Errors

Systematic errors are constant and follow aphysical law. They can be
mathematically modeled. Note the following:

«  Systematic errorsfor each observation usualy have the same
size and the same sign (£) under the same conditions, so the
errors accumul ate as more measurements are made.

*  Systematic errors can be introduced with improperly used or
maintai ned survey equipment.

A simple example of thistype of error is a cloth measurement tape.
After repeated use, the tape will stretch. If you are aware of the
magnitude of the tape stretch, then you can account for (or model) the
error. For example, if the stretch is2 cm over 1 m, then by adding

2 cm to every meter measured (or 2% to every measurement), the
systematic error is properly modeled.

Like mistakes, these errors must be modeled before completing an
adjustment. The Trimble Geomatics Office software allows you to
model some of the GPS surveying systematic errors before and during
baseline processing. Examples of these errorsinclude:

e antenna phase center variations
*  tropospheric noise

*  antenna height measurement rods that measure short or long.
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Random Errors

All measurement methods have some inherent error. Surveying is no
exception. These errors are random, typically small, and mutually
compensating. The random errors are reveal ed as discrepancies
through repeated measurements and can never be completely known,
only estimated as probable values.

Random errors follow the laws of probability. You can statistically
evaluate individual measurements based on a group of measurements:

»  Thediscrepancies between each individual measurement within
agroup of measurements are typicaly small, and all
measurements are centered on a mean.

» Largeerrors (blunders) are detected and removed from the data
set, along with systematic errors.

»  Corrections are distributed throughout the network in the least-
squares adjustment using estimates for the random errors.

Examples of random errorsin GPS surveying are:
e atmospheric noise in the GPS signal
* interpolation errorsin measuring the antenna height

»  centering (plumbing) the antenna over the point.

An Example of Errors

The following example graphically represents errors and illustrates
how they occur. Figure A.2 illustrates how five people determined the
measurement of the arrow to three decimal places (n.nnn) as shown on
the right side of the figure.
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5.675
5.667
5.671
5.676

5 6 5.680

Figure A.2  Errors in measurements

Notice that the measurements (guesses) are fairly consistent, with
some small discrepancies. If you take the mean of all the guesses you
will see that all are within an acceptable error from the mean and that
they are random.

But if someone in the group misinterpreted the integer 5 as a 6, then
the error would be large and obvious. It would be outside the
acceptable error. This can be considered a mistake, removed from the
group, and a new mean calculated.

However, if dl five people interpreted the integer to be 6 instead of 5,
this would represent a systematic error. The correct value could be
obtained by subtracting 1 from all the guesses or subtracting 1 from
the mean. Thiswould eliminate the systematic error.
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Precision versus Accuracy

Precision and accuracy are two wordsthat are often incorrectly used to
mean the same thing. However, they do not.

Precision is the nearness of one measurement to another or to the
mean value of those measurements, without regard to correctness or
truth. In Figure A.3, (@) illustrates the shots on the target are close
together and at the same magnitude and direction away from the
center (true value).

@) (b) (©

Figure A.3  Precision versus accuracy

In contrast, accuracy is the closeness of a measurement to the true
(or accepted) value of the quantity being measured. In Figure A.3 (b),
the shots are distributed throughout the target, but centered on the
bulls-eye (true value).

Theideal results are shown in Figure A.3 (c), which shows a group of
very precise shots, accurately centered at the true va ue.

From a surveying perspective, GPS is a very precise measurement
method. If the same equipment and careful measurement techniques
are used, GPS will give you consistent repeatability or precision.
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The accuracy comes from:

»  application of surveying methods, such as the network
design (geometry)

«  stability and accuracy of the control network
*  redundant measurements

e application of precise measurements to network and
control coordinates.

Setup Errors

Setup errors are present in every survey, for example: antenna or
instrument centering errors (plumbing) and height measurement
errors. No matter how carefully you set up your equipment over the
survey point and make your height measurements, there will always
be some small errors.

The Trimble Geomatics Office software uses your estimates for those
errors. Your job is to estimate how large these allowable setup errors
are for your surveying methods. Specify these errorsin your network
adjustment styles. For more information on adjustment styles, see
Chapter 2.

Estimating Centering Error
Estimate your centering error based on how well your survey crew:
* maintains or calibrates tribrachs
»  centerstribrachs over survey points
» checkscircular bubbles on fixed-height rods.

If your crew is using fixed-height tripods, centering errors are
reduced, (assuming the bubble level iswell adjusted and the tripod
carefully leveled). Usually the tribrach centering errors are of the
magnitude of 0.0-2 mm.
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Estimating Height Measurement Error

For GPS surveying, estimate the antenna height measurement error
based on the type of measurement tool used. For example:

« If acrew used a steel tape to measure antenna height, then the
allowable error estimates would be slightly larger than if the
crew used a height measurement rod. The height measurement
rod isamorerigid tool for measuring compared to aflexible

steel tape.

» A fixed-height tripod yields a consistent true measurement with
minimal error in the antenna height. Little or no error would be
applied when using fixed-height tripods.

Usually the height measurement errors are on the magnitude of
0.04.0 mm.

An Analogy for Setup Errors

The following example describes an analogy for setup errors. Imagine
that you have four bolts cemented in the ground, and you want to fit
five boards to the bolts to make a structure as shown in Figure A .4.

D N
[ ] [ ]

o \@

Figure A.4  An analogy for setup errors
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You must decide how big to make the holes. You can choose to do one
of the following:

Measure the exact distance between the bolts and then drill
holes in the board that are the size of the bolts.

*  Measurethedistances, but not as accurately, and then drill holes
that are slightly larger than the bolts. This allows for more error
in the distance measurement between bolts. However, the
desired structure may not be achieved if the bolt holes are
too big.

If you apply this analogy to GPS surveying, the bolts are survey
monuments and the boards are baseline measurements. There are
always some errorsin the instrument set up (bolt holes). It is assumed
that these errors are small. However, they do exist and the Trimble
Geomatics Office software alows you to account for them.

You must decide how much error to allow in the setup of the
equipment. If you allow for too much setup error, then the network
adjustment allows for too much movement or adjustment of the
baseline. This produces erroneous results, even though the statistics
are acceptable in the output.

In the analogy above, if you allow too much error and drill the bolt
holestoo large, the structure will look like the planned structure, but it
will not be sturdy.
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Least-Squares Statistics

When using GPS as a surveying tool, consider the statistics used in
least-squares adjustments. In this section, anal ogies explain terms and
concepts; figures and tables illustrate some of the basic concepts of
least squares.

The Mean

The fundamental principle of least squaresisillustrated by an
adjustment that is familiar to most surveyors: the determination of the
mean of five measured distances to produce one observed distance.

The usual procedure isto adopt the mean distance as the most
probable value for the distance and then use it for al further
coordinate computations. You can use the mean of several measured
distances to calculate an observed distance and then use this observed
distance for computing coordinates.

Table A.1 shows the mean of five measurements of a distance.

Table A.1 The mean of five measured distances

Measured distances (in meters)

99.98

99.99

100.00

100.01

100.02

Sum of the measurements = 500.00

Number of measured distances = 5
Mean distance = 500.00/5 = 100.00
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The Residual

The corrections in least-squares terminology are called residuals. For
most direct applications of least squares, the two terms—corrections
and residuals—mean the same thing.

A residual is the difference between the adjusted value of an
observation (in this case, the mean distance) and an individual
measurement of the same observation (each of the five individual
measured distances). Another synonym for the residual of an
observation would be the adjustment of the observation. One of the
objectives of least squaresisto minimize the sum (of the squares) of
these residuals or adjustments.

In the example in Table A.2, the most probable value of 100.00
implies that each of the five distances receives a correction which,
when added to the individual measurement, results in the mean
distance.

Subtracting each measured distance from the mean distance makes the
direct computation of each correction. Table A.2 shows how these
corrections are calcul ated.

Table A.2 The residual

Mean distance Measured distance Residuals (correction)
100.00 - 99.98 = +0.02
100.00 - 99.99 = +0.01
100.00 - 100.00 = 0.00
100.00 - 100.01 = -0.01
100.00 - 100.02 = -0.02
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Residuals are one of the fundamental concepts of least squares.

To take this concept a step further, look at an example of residuals
with GPS surveying. Figure A.5 illustrates three baseline
measurements to one station.
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Figure A5  One-dimensional residuals

To simplify the example, only the distance component of abaselineis
used. From these three distance-only measurements, the most
probable value is determined and shown as the center of the triangle.
The dotted lines represent the residual s or adjustments made to the
measurements to achieve the most probable val ues.

Figure A.5 isa one-dimensional example. GPS surveying worksin
three dimensions. Adjustment becomes more complicated and
requires least-squares adjustments.
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The Sum of the Squares of the Residuals Must
be a Minimum

One of the criteria of aleast-squares adjustment is that the sum of the
squares of the residuals must be a minimum.

You have determined a mean for your measurements. Now, you must
determineif the sum of the squares of the measurement residualsis a
minimum. Table A.3 shows the sum of the squares of the residuals
associated with the measurements from Table A.2.

Table A.3 Sum of the squares of the residuals

Residuals Squares of the residuals (v?)
+0.02 0.0004
+0.01 0.0001
0.00 0.0000
-0.01 0.0001
—0.02 0.0004
Sum =0.0010

The sum of the squares of the residualsis determined to be 0.0010 by
using the adjusted or most probable value of 100.00. Any valuefor the
adjusted (most probable) distance other than 100.00 would result in
different residuals, and the sum of the squares of the new residuals
would be greater than 0.0010.

For example, if you arbitrarily used the adjusted distance of 99.99,
you will find that after determining the new residuals, the sum of the
squares of the residuals is 0.0015, showing that 0.0010 is the best
answer. In thisway, least squares satisfies the concept that the mean
of the five measured distances is the best value for the unknown

true distance.
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Normal Distribution

For any given set of measurements, there is a set of corresponding
residuals. The residuals can be plotted as a function of frequency—
how many times each residual occurs. Figure A.6 illustrates this plot,
called a histogram. The histogram shows a plot of the residuals for the
measured distance (in Table A.2, page 138) using more than

five measurements.
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Figure A.6  Normal distribution

In this histogram:
*  Theline (a) represents the mean of the residuals.
»  Each square (b) represents aresidual.

Closer examination of the histogram shows that most of the residuals
occur near the mean. Asresiduals get further away from the mean,
their frequency gets lower. As a data set becomes infinitely large, it
will exhibit the classical behavior of anormal distribution. Note that
in Figure A.6, the normal distribution resembles a bell-shaped curve.

In statistics, normal distribution means that:
« small errors are more common than large errors

»  very large random errors seldom occur
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*  both positive and negative errors have the same probability and
frequency of occurrence

In most cases, there is not an infinite number of measurements to
evaluate. However, if the errorsin your measurements fit the pattern
of a bell-shaped curve, you will have the same confidence that you
would with an infinite set of measurements. From this information,
you can determine that:

* the mean vaueisthe most probable value

» thevariation from the mean gives some clue to the uncertainty
of the value

Standard Error

The mean of a set of measurementsis afamiliar concept, but the
standard error may not be. The concept of standard error is crucia to
understanding least-squares adjustments and analysis of results.

The standard error is an estimate of the mean uncertainty of a set of
measurements. In the example above, the standard error of a set of
measurements illustrates how much error (plus or minus) isin the
calculated mean distance.

Equation A-1 shows the formulafor the standard error of the mean of
aset of measurements:

— sz

Om n(n-1)

(A-1)

where:
Oy, = standard error of the mean
$v2 = sum of the squares of the residual's
n = number of measurements
(n—1) = degrees of freedom
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The formula uses some of the values described in the previous
sections, aong with the concept of degrees of freedom. For more
information, see Degrees of Freedom, page 154.

When you calculate a mean, there is an associated standard error.
Continuing with the example, the mean distance is 100.00 £0.0071 m
(where the standard error is £0.0071). An acceptable distance is
anywhere between 99.9929 and 100.0071. The units of the standard
error are the same as the units of the measured quantity. The common
symbol for standard error is sigma (o).

The standard error is auseful statistical parameter because it defines
the degree of confidence of the results.

A l-sigmaerror, which is the degree of confidence calculated
above, corresponds to 68% confidence.

*  This1-sigmaerror equates to saying 68% of all measurements
made under the same conditions will be within the stated
standard error of the mean.

»  Continuing with the example, repeated measurements of the
distance might indicate that 68% of those distances would be
somewhere between 99.9929 and 100.0071.

When surveying, you need a high level of confidencein your results.
Errors for most surveys are often reported at 95% confidence or
1.96-sigma. The Trimble Geomatics Office software allows you to
display the desired confidence level when choosing the adjustment
style. For more information on adjustment styles, see Chapter 2.

Note — Consult your project specifications for the required confidence
levels for your reported results.

You determine 95% confidence in your results by applying a scalar to
the standard error (sigma).

*  We can calculate a 95% level of confidence by multiplying
0.0071 m by 1.960, which now sets our error statement
at 0.0139.
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»  The Trimble Geomatics Office software handles all of the
values and computations after you have configured your
adjustment. At 95%, your mean distance is how
100.00 + 0.014 m.

 Thismeansthat if you measured the distance 100 times, 95 of
those measurements will fall within 14 mm of the mean.

The standard error can be defined for a set of observations because it
isafunction of the square of the residuals. Because one of the main
objectives of least squaresisto minimize the residuals, it follows that
the standard error will also be minimized.

Figure A.7 illustrates the normal distribution of the residualsin the
example, along with the standard errors at 1-sigma (68%) and
1.96-sigma (95%).

1.960 10 10 196 O

17 N

I UL LI I D D | I
-16 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 02 04 06 08 1.0 12 14 16

Figure A.7  Standard error

A Priori Errors (Pre-Adjustment Errors)

Every adjustment requires an initial apriori error estimate for each
observation used in the adjustment. For GPS measurements, the
observation error estimates come from the baseline processor in the
form of a covariance matrix.
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A

This discussion avoids a detailed description of the error matrix.
Basically, the reason for the matrix is that GPS measurements are
three-dimensional, and the matrix consists of the errors of the three

components of the baseline.

Figure A.8 shows a sample report for the following information:

*  baseline components

e errorsin each component

*  covariance matrix a posteriori errors from baseline processing,

which are a priori errors for the adjustment

The adjustment uses the error estimates from the processor associated
with the dx (AX), dy (AY), and dz (AZ) components for the first run

through the adjustment.

Baseline Components (meters): dx —7.274
Standard Deviations (meters): 0.000392

dn 107.199
0.000561

A posteriori Covariance Matrix  1.539165E-007

1.168243E-007

—1.185407E-007

dy 81.883
0.000648

de -49.608
0.000352

4.202073E-007
—3.448070E-007

dz

du

dn

84.825
0.000883

-0.571
0.000956

-0.570
0.000956

7.789994E-007

Figure A.8

A priori errors

Trimble Geomatics Office — Network Adjustment User Guide

145




A A Guide to Least-Squares Adjustments

Weighted Measurements

This section introduces the concept of weighted measurements. There
is no need to use weightsin a network if all measurements are of:

» thesametype (for example, al FastStatic observations)
* equa reliability.

Typically, the above situation is rare. Use weights for your
measurements when there are several types of measurements (for
example, FastStatic, and kinematic), and when the measurements have
different levels of precision and reliability. Some reasons for different
results for levels of precision and reliability may be:

» using differing methods of measurement

»  observing for longer periods of time (or collecting differing
numbers of observations)

* using instruments of differing orders of precision
»  taking measurements over lines of differing lengths
» using different satellite constellations.

The more-reliable measurements in a network should receive smaller
corrections in the adjustment than the less-reliable measurements.
Weighting the measurements achieves this goal. The more-reliable
measurements are assigned larger weights in the adjustment than the
less-reliable measurements. The general theory is easy to apply.

Every measurement has a standard error. To compute the weight for
each measurement from the standard error:

«  Determinethe variance of the measurement. The varianceisthe
standard error squared (G2).

* Invert the variance to determine the weight associated with the
measurement (1/0?).

By inverting the variance, asmaller variance will become alarger
number, thus a higher weight. A larger variance becomes asmaller
number, thus alower weight.
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To fully understand weighted measurement, remember the
following rules:

*  Observationswith small standard errors (small variance) get
large weights, and observations with large standard errors
(large variance) get small weights.

»  Observations with large weights get small residuals
(corrections), and observations with small weights get large
residuals (corrections).

After weights are computed for each observation, the least-squares
criteriaare revised to the following:

*  The network must close mathematically and geometrically.

*  Thesum of the weighted squares of the residuals must be
aminimum.

To explain weighted measurements and why they are important,
consider the following example—a triangle where al the angles were
measured. Figure A.9 illustrates how weighted measurements work.

B

Figure A.9  Weighted measurements
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Figure A.9 shows the following:

+  Two of the observed angles measured as 60° 00' and the
third measured as 60° 01"

«  Thesum of the three angles equals 180 ° 01", producing
a 1-minute arc of misclosure in the observed angles of
the triangle.

To properly adjust the observations, apply a correction to each of the
observed angles.

Table A.4 shows two ways of applying the correction or adjustment
based on how the measurements are weighted.

Table A4 Two ways of weighting and adjusting measurements

Angle Observed Standard Error | Weight Adjustment
First Adjustment

ABC 60° 00’ 1" 1.00 —00° 00" 20"
CAB 60° 00’ 1" 1.00 -00° 00" 20"
BCA 60° 01’ 1" 1.00 -00° 00’ 20"

Second Adjustment

ABC
CAB
BCA

60° 00’ 2" 0.25 —00° 00" 40"
60° 00’ 1" 1.00 -00° 00" 10"
60° 01’ 1" 1.00 -00° 00’ 10"

148

In the first adjustment, al three angles have been equally weighted
with a standard error of 1 second. When applying equal weightsto all
measurements, you are indicating that all observations were measured
with the same equipment and quality (standard error). If thisis true,
then this weighting is acceptable.

Consider a second adjustment in which the quality of the of the
measurements is not the same and the standard errors are different.
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Looking at the second adjustment:

»  Thestandard error for each of the observed anglesis based on
multiple measurements of the angles at ABC, CAB, and BCA
(mean observed angle shown).

« Theangleat ABC isfound to have twice the error as the other
two angles, resulting in aweight four times smaller.

* By applying the weights, the corrections for the observations
change to reflect the quality of the observations.

The results of the first adjustment show that al three angles receive
equal adjustments of 20 seconds, while the second adjustment shows
that the angle with the higher standard error receives 40 seconds
adjustment, with each of the other two receiving only 10 seconds.

In the second adjustment, the errors are properly distributed, based on
the quality of the observations. This explains why weighted
measurements are important and also why |east-squares adjustments
are used to produce quality survey results. In some cases the weights
and errors of each observation will be different, asin this case. But in
some cases the weights and errors of each observation will be the
same. With GPS surveying, allowing a least-squares adjustment to
distribute the weights and errorsis the most reliable method. Now, you
are confident that the network is truly closed mathematically, and you
have minimized the sum of the weighted squares of the residuals.

Standardized Residuals

Up to this point, simple examples were used to explain residuals,
standard error and weights, and other least-squares statistics. The
previous examples used a single unit of measure—linear or angular.
Surveying measurements use a combination of linear and angular
units requiring more complicated examples.

In the example in Standard Error, page 142, the residuals and standard
error were calculated for a distance (measurein linear units). In the
example in Weighted M easurements, page 146, angles, measured in
angular units, were used to show the concept of weights.
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Residuals for these measurements are produced in both meters (linear)
and degrees (angular), complicating the ability to compare residuals
directly. Because least squares deals with different types of
observations, there is a need to directly compare residual s of

different units.

The Trimble Geomatics Office software uses standardized (unitless)
residuals rather than residuals of differing units, allowing you to
directly compare quantities of different units.

Note — The observations in the adjustment are how represented as
azimuth, distance, and delta height. In the section, A Priori Errors
(Pre-Adjustment Errors), page 144, the observations (baselines) were
represented as dx, dy, and dz. Oncein the adjustment, the observations
(along with associated errors) are transformed to a local geodetic
horizon, displaying the observationsin more familiar terms.

Each observed baseline includes an azimuth (angular), distance
(linear), and difference in ellipsoid height (linear). Without producing
standardized residuals, the residuals of the azimuth cannot be directly
compared to the residuals of the distance and delta height. With
unitless (standardized) residuals, you have the ability to properly
analyze the errors in observations.

The process of producing standardized residuals from residual's of
differing unitsis simple.

* Aresidual iscalculated for every observation (or inthe case of a
GPS measurement, the components of the baseline).

e For each observation residual, a standard error is calculated as
part of the adjustment.

»  Thestandardized residua is computed by dividing the residua
of an observation by the standard error (o) of that residual.
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Table A.5 illustrates the process for a GPS baseline. Since the
standardized residuals from each component have the same units, the
resulting quotient is unitless.

Table A.5 Comparing standardized residuals

Observation Residual Standard error of the |Standardized
residual residuall

Azimuth +0.0806" 0.1032" 0.78

Distance -0.0353 m 0.0488 m 0.72

A Ellipsoid height —-0.0284 m 0.0364 m 0.78

1 standardized residuals = residual / standard error of the residual

Compare each component (observation) of the baseline to each other.
Theresiduals are difficult to compare directly, but in the standardized
residual column you can make a straightforward comparison of the
magnitude of the error in each observation component.

Histogram of Standardized Residuals and Tau Criterion

Use standardized residual s to evaluate your adjustment. The Trimble
Geomatics Office software generates a histogram of the standardized
residuals, and derives a normal distribution from the data set.

View this histogram as arelative plot of estimated errors. As
previoudy discussed, large errors occur less frequently than small
errors, and the probability and frequency of a positive or negative
error are the same.
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Figure A.10 shows a plot of standardized residuals with anormal
distribution curve.
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Figure A.10 Histogram of standardized residuals and critical tau

In Figure A.10, two additional items are added to the histogram:

*  Theletters (a) represent the critical tau values
(explained below).

* Theletters (b) indicate outliers.
At this point in the adjustment:
e Blunders are eliminated from the adjustment.
*  Thesystematic errors are modeled.
*  Theplot of the residuals shows only random errors.

There is always a possibility of alarge random error—an error in an
observation that is not consistent with the rest of the errors. Do not be
alarmed by the presence of high standardized residuals. It now
becomes a matter of what is acceptable and what isnot. A limit on the
magnitude of the standardized residual must be determined.
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The Tau Criterion is useful for determining the limit. Thistest isaso
useful for smaller data sets and when anormal distribution is not
statistically valid. (For information on the Tau Criterion, refer to the
bibliography [Pope] in Help.) Consider the following:

The Tau Criterion uses an internalized Sudent distribution (a
distribution model for small data sets), which becomesidentical
to the normal distribution as the degrees of freedom increase.

From the adjustment, acritical tau (t) value is computed from a
Student distribution, using an agorithm based upon the size
(number of observations), degrees of freedom, and desired
confidence level for agiven data set. In Figure A.10, the critical
tau values are shown as two vertical lines—one to the left and
one to theright of the zero centerline at about 3.900.

Compare the standardized residual to the critical tau to
determineif it fits with the rest of the data set. If it exceeds the
critical tau, then it is possibly an outlier. The outliers are shown
at the left and right of each critical tau line in Figure A.10.

The Tau Criterion flags the observations that do not statistically
fit well with therest of the data set and are candidates for
removal from the network. If an observation is flagged as an
outlier, thereis a statistical basisfor itsremoval. If you choose
to not remove the observation from the adjustment, then you
must justify why the observation should be retained.

For more information about removing outliers, see Minimally
Constrained or Free Adjustment, page 168.
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Degrees of Freedom

In the Trimble Geomatics Office software, degrees of freedomis
defined as the number of independent observations beyond the
minimum required to uniquely define the unknown gquantities.
Figure A.11 presents an example of this concept.

Figure A.11 Degrees of freedom

Figure A.11 shows asimple triangular computation. To uniquely
define (solve for) atriangle, one known (observed) side and any two
other known angles or sides are required. Consider the following:

* InFigureA.11 (I), two observed angles and the side (distance)
between the two angles are known. This is the minimum you
need to solve atriangle, so we have zero degrees of freedom.

* AsinFigure A.11 (I1), if you measure one of the other sides of
the triangle, you increase to one degree of freedom.

* Then, asinFigure A.11 (I11), if you measure the third side of
the triangle, you have two degrees of freedom.

154  Trimble Geomatics Office — Network Adjustment User Guide



A Guide to Least-Squares Adjustments A

The strength of and confidence in the solution increases as the degrees
of freedom increase. In aleast-squares adjustment, try to maximize the
degrees of freedom to help detect blunders and to correctly distribute
the error in the measurements. Thisis also called adding redundancy
to the network or observations.

One key aspect to degrees of freedom is the requirement to use
independent observations:

* InFigure A.11, al angle and distance observations were
measured independently.

« If wewereto compute the angle at C and add that to our survey
as an abservation, the angle at C is not independent of the other
measurements. The solution for C is dependent on the observed
angles and distances.

»  Thereareno independent errorsin the angle at C, and adding
the computed angle skews the statistical results, thus creating a
false sense of confidence.

In the formulafor standard error (page 143), the degrees of freedom
(n—1) are in the denominator. So as you erroneously increasen —1,
you determine the square root of a smaller number and the standard
error becomes smaller and smaller. If you falsely add distance
observations of 100.00 to the example (starting in section A.7.1), then
recompute the standard error, you will see how it decreases—
incorrectly indicating better results.

In GPS surveying, a session is defined as static collection of
simultaneous data with two or more receivers. When surveying with
GPS, pay attention to independent and dependent observations. The
number of independent observationsin a GPS survey session equals
n—1, with n representing the number of receivers used in the session.
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Reference Factor (Standard Error of Unit Weight)

The reference factor is another indicator for testing the quality of
measurements and isolating suspect measurements. Reference factor
is defined as a measure of the magnitude of observational residualsin
an adjusted network as compared to estimated preadjustment
observational errors. It isalso called the standard error of unit weight.

A network adjustment makes small corrections (residuas) to the
observations to make them fit well with each other. You must
determine if these corrections are acceptable and reasonable.

If observational errors have been accurately estimated, you can expect
that, on average, the residual received by each observation will be
about the same size asiits estimated error. In any adjustment, some
observations will receive corrections smaller than their estimated
errors, and some will receive larger. It can be demonstrated
mathematically that if the estimated errors for an observation have
been accurately estimated, the reference factor will be about 1.00.

Figure A.12 shows a graphical representation of the reference factor
onindividua observations.

Figure A.12 Reference factor
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In Figure A.12, the | etters represent the following:

(a) = the observed value

(b) = residual or correction

(c) = adjusted value

(d) = apriori estimated error
A reference factor is computed for each observation and for the entire
network. Use the network reference factor to determine if the errors
are properly estimated for the entire network. For thisdiscussion, itis

simply stated as the overall amount of adjustment in the network,
compared to the overall amount of estimated error in the network.

The reference factor is about 1.00 when the amount of the adjustment
to the observations equal s the estimated errors of those observations.
With thisinformation, you can determine the following:

« |f thereferencefactor islessthan 1.00, then the errors have
been overestimated, and the network exceeds the precision
estimated for it.

. If the reference factor is greater than 1.00, it indicatesthat, for a
variety of reasons, one or more (or al) of the estimated errors
have been underestimated.

In either case, more reasonable error estimates must be determined.
Note — An inflated reference factor can also indicate a blunder.

At this point, you must investigate why the reference factor does not
equal 1.00. In the case where the reference factor is greater than 1.00,
do the following:

* Removeall outliersor statistically justify them.

*  Begin applying a scalar to your estimated errors to bring them
in line with the residual s of the observations.

The concept of scalarsisimportant when producing proper statisticsin
your adjustment and is discussed in Scaling Your Estimated Errors,
page 158, and also in Chapter 2.
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Chi-Square Test

Another test of the integrity of your adjusted network isan overall test
of the adjustment statistics. Thistest is based upon the following:

«  sum of the weighted squares of the residuals
e degreesof freedom

»  critical probability of 95% (in the Trimble Geomatics Office
software)

In some cases, the estimated errors are considered valid even though
the reference factor exceeds 1.0. Thisis true when the network
adjustment passes the Chi-square probability test.

The purpose of the test isto accept or reject the hypothesis that the
predicted errors have been accurately estimated. The Trimble
Geomatics Office software computes the probability percentage
(level of significance) for the adjusted network. If thisis greater than
or equal to 95%, the reference factor passes the Chi-square test.

Failure of the Chi-square test indicates that you should do one of the
following:

* Revisesome or al of the predicted errors of the observations.
*  Reject and possibly reobserve some or al of the observations.

e Useacombination of both of the above.

Scaling Your Estimated Errors

When performing an adjustment, it is possibl e that the reference factor
exceeds 1.00 and the Chi-square test fails. These results indicate that
the estimated observational errors are underestimated and do not
match the amount of adjustment made to the observations.

When processing GPS baselines, there are limited data from which to
calculate good error estimates. This could easily giveriseto a
reference factor (RF) > 1.
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To better model the network errors, apply a scalar to the estimated
errors. In the alternative scaling example below, if after the first
adjustment the reference factor is 1.72 and the Chi-square test fails,
thisindicatesthat the errors are underestimated. | ncrease the estimated
error by some scalar to properly model the network error. There are
two considerations:

«  Determine what value to use as the scalar.
*  Determine the best estimate of the error in the network.

For both considerations, the answer is the reference factor (RF). In the
Trimble Geomatics Office software, using the RF as the scalar for the
next adjustment is called alternative scaling. Thisis an iterative
process. Three strategies for applying a scalar to the estimated errors
are asfollows:

1. Apply ascalar to each observation. This equates to using the
individual observation RF asthe scalar that is applied to each
estimated error in the next iteration of the adjustment.

2. Apply the network reference factor globally to each
observation’s estimated errors: All Observations. Thisisthe
strategy used in the alternative scaling example below.

3. Apply ascalar to the Variance Groups. For more information,
see Variance Groups, page 165.

Alternative scaling example

As an example, consider that the default scalar strategy is used during
the first adjustment of a network. The default scalar value is aways
1.0. The estimated errors are used at their face value to produce the
reference factor of 1.72.

Note — To simplify this example, there are no outliersin
the adjustment.
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Using the alternative scalar strategy for the second adjustment
automatically multiplies the first scalar value (1.0) by the current
adjustment RF value (1.72), making the new scalar 1.72. During the
second adjustment the new, scaled estimated errors are applied and the
new RF iscloser to 1.0.

If the reference factor is still greater than 1.0 (in this case, 1.50), thena
new scalar is calculated by multiplying the latest reference factor
(1.50) by the previous scalar (1.72) to produce ascalar (1.00 x

1.72 x 1.50 = 2.58) for the third adjustment. This processis continued
until the reference factor approaches 1.0 and the Chi-square test
passes.

—\Q'— Tip — This process can be performed automatically using the Automatic
= Scalar Type option.

The observation error estimates may be approaching their true value
when:

»  Thereference factor approaches 1.0.
*  The histogram represents a bell-shaped curve.

Note — If the histogram appears as a narrow spike, then a lot of
observations have had their error estimates over-inflated by the
scaling. Thisis due to the presence of a bad observation. When the
combined histogram appears to be normally distributed with no
outliers, you can be confident that the overall weighting strategy is
being applied correctly.

You now will have confidence in your results—both statistically and
geometrically. When globally scaling, you improve the confidence of
your error modeling and statistics without drastically changing your
observations. Thisinsures that the appropriate adjustments are made
where needed in the network, and you are seeing a true representation
of the errorsin your final results.
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Some analysis of the magnitude of the initial RF must be made when
using ascalar. If the RF isahigh, you will begin scaling the estimated
errors by alarge amount, then with subsequent iterations, the scalar
will increase at a considerable rate. Thisis not agood practice. If the
RF is high (inflated), it usually indicates a blunder still existsin the
observations. The blunder must be removed from the adjustment
before you can proceed with using a scalar.

\O} Tip — RTK and kinematic baselines produce a priori errors that are not as
= well defined as those for static baselines. You should be more concerned
about static baselines with a large RF than about RTK and kinematic
baselines with a large RF.

When performing an adjustment, consider the following guidelines:

* Inaproper adjustment, you are eval uating and applying ascalar
only to random errors. All other errors are removed or modeled.

»  Observations with large random errors are flagged as outliers,
and in most cases must be removed from the adjustment.

Note — Scale the estimated errors of the outliers using alternative
scaling before excluding them from the adjustment. In some cases,
scaling the estimated errorswill allow the bad observation to fall
within the critical tau value.

For more information about outlier analysis and removal, see
Minimally Constrained or Free Adjustment, page 168.

A Posteriori Errors (Post-Adjustment Errors)

An iteration of the adjustment produces a posteriori errors
(post-adjustment errors) for the adjusted observations and position.
The errors provide:

» ameasure of the quality of observations and resulting positions
based on network adjustment residuals

* information used to determineif further adjustment is needed.
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The a posteriori errors for the adjusted observations are a product of
the reference factor (scalar) multiplied by the a priori standard errors.

The calculation for the a posteriori error is straightforward and
includes many of the topics covered in this appendix. Formula A-2
(aposteriori errorsfor observations) illustrates how the parts of the
network adjustment work together to produce the final postadjustment
estimated error:

[(a priori error matrix) x scalar] + (setup errors)® (A-2)

Note — For a well-conditioned network, the setup errors (even when
correctly modeled) can easily be the dominant termin the a posteriori
calculation. Always use reasonable setup error estimates.

Tip — To get a true representation of your observation errors, do not apply
setup errors to your first adjustment iteration. Then apply your reasonable
setup error estimates to subsequent adjustment iterations.

Coordinate Error Ellipses

Theerror elipseis auseful expression of coordinate error
propagation. For any given control point, the error ellipse is computed
directly from the point's a posteriori errorsin easting or longitude,
northing or latitude, and from the ellipse rotation.

Figure A.13 shows the construction of the coordinate error ellipse.
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Figure A.13 Construction of the coordinate error ellipse

A coordinate error ellipse isagraphical representation of the
magnitude and direction of the error of our adjusted points. The
Trimble Geomatics Office software determines and plots information
aslisted below:

* (@) represents the magnitude (size) of the maximum error at the
point, plotted along the long (semi-major) axis of the ellipse.

*  (b) represents the magnitude of the minimum error at the point,
plotted along the short (semi-minor) axis, perpendicular to the
long axis.

*  (c) represents the rotation (slant) of the long axis at the station,
calculated from the positive X-axis of ellipse.

*  (d) represents the scale of the ellipse using each alternating
colored bar tick and atick size (value) associated with each tick.

Ideally, a precise and well-conditioned network will have al ellipses
nearly circular and as small as possible. This cannot always be
achieved. Consider the following when examining ellipses:

»  For GPS surveying, circular ellipses are often seen, due to the
setup error dominance described on page 161.
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*  When dlipses are long and narrow, the direction of greatest
estimated error is found in the direction of the slant of the
ellipse. This direction is also the path of least resistance for the
point to move aong during the adjustment.

*  When the slant direction for the ellipses is common throughout
or in one portion of the network, thisindicates aweaknessin the
configuration of the network in that direction. Such a weakness
may be unavoidable. The weakness might be alleviated by
additional direct measurements between control pointsin the
quadrants of the network to which the ellipses point.

In awell-conditioned survey network, it is common to find elongated
ellipses, but the orientation of the elongations appear to be random,
indicating that no inherent structural weakness affects the survey.
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Variance Groups

With surveys, there are often varying groups of measurements used
in asingle network. The measurements can differ in severa ways,
including:

« the method of collection — GPS and terrestrial observations
» thetype of measurements

The adjustment must have away of accounting for the differing errors
associated with these measurements. In the Trimble Geomatics Office
software, variance groups provide the ability to separate these
measurements.

It is easy to see that the more precise the surveying methods, the
smaller the measurement errors. The following example uses
conventional surveying to explain why measurements are divided into
variance groups.

Variance Groups for Conventional Surveying

As an example of variance groups for conventional surveying,
consider the following. During atraverse to establish horizonta and
vertical control on six points, the following methods were used to
establish the vertical control on the points:

»  Trigonometric elevations (from vertica angles) with a10"
theodolite were used to establish the differencein elevation
between three of the points.

* A level with micrometer was used for determining the
differencein elevation of the other three points.

The measurements using the level are more precise (smaller standard
errors) than the trigonometric elevations. You do not want the same
amount of adjustment (more correctly, weight) applied to the
differential leveling asis applied to the trig elevations.
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By dividing the two groups of measurements into variance groups and
using variance group weighting strategy:

» theadjustment will apply different scalars to each group, based
on the group’s estimated errors.

»  separate reference factors and degrees of freedom are generated
for each group, allowing analysis of each group’s quality of fit.
This prevents the large errors (hence large adjustments) of the
weaker measurements from being smeared (spread) across the
entire network.

» thelarge errors stay with the weak measurements, and the small
errors stay with the stronger measurements.

Variance Groups for GPS Surveying

For GPS surveying, divide the different types of GPS observations
into separate groups based on different observation methods and
solution type. Consider the following:

»  The occupation times of the methods are key factorsin the
processor’s ability to properly model the error in the baseline.

*  Occupation times decrease from static to FastStatic, and
become very short with the kinematic methods.

* Moreerror isusually associated with kinematic surveys due to
use of a range pole when occupying the points.

You might prefer to separate longer baselines from the shorter
baselines. The two types of baseline solutions can have varying errors
due to:

* using the precise ephemeris for long baselines, and not using it
with short baselines in baseline processing

» theeffects of the atmosphere over long lines (iono free versus
L1 fixed).
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Another factor is the different types of baseline solutions. You may
consider separating the baseline iono free solutions from the L 1-fixed
baseline solutions.

For more information on baseline processing, refer to the Trimble
Geomatics Office Software — WAVE Baseline Processing User Guide.

Network Adjustment Procedures
The network adjustment occursin two major steps.

Thefirst step is the minimally constrained or free adjustment,
which acts as a quality control check of your observations.

Useit to:
* check theinternal consistency of the network.
*  detect blunders or ill-fitting observations.
»  obtain accurate observation error estimates.
The second step is the fully constrained adjustment.
Useit to:
» reference the network to existing control (datum).
*  verify existing control.
e produce network transformation parameters (optional).
»  obtain accurate coordinate error estimates.

Both steps are required to obtain a complete adjustment and to provide
confidence in your results. The adjustment definitions and procedures
are discussed in the follow sections.
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Minimally Constrained or Free Adjustment

A minimally constrained adjustment is an adjustment with only one
control point held fixed in the survey network. Holding one control
point fixed shifts observationsto the correct location within the chosen
datum. Not fixing a control point forces the software to perform afree
adjustment. A free adjustment is accomplished by minimizing the size
of the coordinate shift throughout the network. This equatesto amean
coordinate shift of O (zero) in all dimensions.

A minimally constrained or free adjustment acts as one quality control
check on the network. This adjustment helps to identify bad
observationsin the network. If an observation does not fit with the rest
of the observations, it is highlighted as an outlier. The minimally
constrained or free adjustment also checks how well the observations
hold together as a cohesive unit.

Note — Perform a minimally constrained adjustment of GPS
observations using WGS-84 as the adjustment datum. Snce all GPS
observations are made on the WGS-84 datum, the adjustment of the
observations should be tied closely to the WGS-84 datum.

The minimally constrained adjustment is an iterative process:

»  Perform an adjustment to check the observations for internal
consistency and estimates errors for all observations. If bad
observations are found, they appear as outliersin ahistogram of
standardized residuals.

*  Remove these observations (one at atime, starting with the
largest) so that the statistics of the network are not skewed.

»  Perform the adjustment again; errors are estimated again.

In the subsequent adjustments, the estimated error may be rescaled to
produce more realistic error estimates.

Repeat the process until the results meet the following conditions:
»  All outliers have been removed from the network.

»  Observations have the most accurate error estimates possible.
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»  Observations are adjusted such that they fit together well.

During the iteration process, two |east-squares statistics are used to
gauge progress:

»  Reference factor — The reference factor shows how well the
observations, along with their respective error estimates, are
working together. Once the reference factor approaches 1.00,
the errorsin the observations are properly estimated and all
observations have received their appropriate adjustments.

»  Chi-sguaretest — Typically when the reference factor
approaches 1.00, the Chi-square test of network error estimates,
degrees of freedom, and level of confidence will pass. Aslong
asrealigtic setup errors were used in the adjustment, you can be
confident that the network observations are working together
and that there are no large errors remaining in the network.

Once the minimally constrained adjustment is compl ete, move on to
the fully constrained adjustment to fit the observations to the loca
control datum.

Fully Constrained Adjustment

The fully constrained adjustment transforms the network of
observations to the control pointsin the network. Once the network is
fixed to those control points, adjusted coordinates (based on the
project datum) for all other points in the network can be determined.
Use this step to check that the existing contral fits together well.

The minimally constrained adjustment showed that the observations
fit together and afairly rigid network is defined. It is assumed that if
any large errors are present in the fully constrained adjustment, the
source is nonhomogeneous control points (values). Any ill-fitting
control points should not be fixed (constrained).

Trimble Geomatics Office — Network Adjustment User Guide 169



A A Guide to Least-Squares Adjustments

170

When designing the network, it is good practice to use a minimum of
three horizontal control points and four vertical control points
because:

«  Two horizontal and three vertical control points are required to
define transformation parameters.

*  Theadditional horizontal and vertical control points can be used
to check the consistency of the adjustment and defined
transformation parameters.

Adding additional control points builds more confidence in the
calculated parameters.

In the fully constrained adjustment, begin fixing the control valuesto
determine how well the rigid network of observations fit the control.
Essentially, the adjustment determines if the network of observations
fit the network of fixed control points given some error estimate.
These error estimates are the error estimates along with the applied
scalar and setup errors. The transformation parameters are then
calculated to allow the observations to fit to the control.

Note — If the measurements are made on the WGS-84 datum. You must
provide control values (points) in your local datum that allow the
adjustment to solve for the change in datum using calculated

transfor mation parameters.

Transformation Analogy

This analogy will help you to understand the definition of the
transformation parametersin afully constrained adjustment.

A simple transformation involves three parameters: rotation, scale,
and deflection.
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Defining the rotation

The rotation of the network (datum) can be defined by fixing two
horizontal control points:

* Imagine the network as lines and named points on a piece of
rubberized paper. The paper is rubberized to alow for any
stretching or contracting (scaling) that might occur.

* Imagine adefined network of named control points marked on
awall.

» Useatack tofix apoint on the paper to the first control point
with the same name on the wall.

e Letthe paper hang fredly. It will orient itself in an
unpredictable direction.

*  Now tack (fix) a second point on the paper to a point with the
same name on the wall. The sheet of paper isrotated slightly to
make the two points line up.

Thisis the measure of the rotation needed to fix the two
networks together, allowing the observationsto fit to the control
values. Therotation is calculated but not checked.

e Tack athird point on the paper to the wall to check the rotation.
You can determine how far the tack is from a point on the wall
with the same name.

« Ifthetack iscloseto point onthewall (no large errors are seen),
you are confident the rotation is defined correctly. This check is
the same on all the parameters defined during the fully
constrained adjustment.
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Defining the scale

The scale of the network can be calculated by fixing one vertical point
in addition to the two harizontal points. This concept gets alittle more
complicated. Continue with the above example:

Imagine the piece of paper and the wall as curved surfaces,
because you know the earth and the models used for coordinate
computations are not flat.

Asyoufix your first vertical control point, the paper is, perhaps,
10 cm from the wall. (The paper could also be 10 cm below the
surface of thewall.) Thisis the difference between the two
ellipsoids that define your datum.

Asyou move the paper away from the wall, still holding the
horizontal points, the horizontal distances between the points
will become larger (and shorter if the paper is moved below the
surface of the wall).

The difference, or ratio, between two distances is defined as the
scale factor. The definition is checked with additional
horizontal and vertical control points.

Defining the deflection

Asyou fix additional vertical control pointsin the network, you define
the network deflection (of the vertical). The deflection is the angular
difference between the ellipsoid surface of one datum (WGS-84) and
the elipsoid surface of another datum (local). Continue with the
above example:

Now picture the wall as not only curved, but also an inclined
surface. Thisinclination is the difference between the two
ellipsoid surfaces.

Model thisinclination by fixing additional vertical control
points. Asyou fix vertical points on the paper, the relationship
to the incline of the wall is defined. The measurement of that
inclination is the deflection (of the vertical) of your network.
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By fixing two vertical points, the deflection in one direction
is defined.

By fixing three points, the deflectionsin all three directions are
defined. Adding more points allows you to check your
definition of the vertical.

The transformation parameters are defined, allowing you to generate
coordinates of the adjusted pointsin your local datum. The fully
constrained adjustment is complete.
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This section explains some of the terms used in this manual .

1-sigma One standard error from the mean.

a posteriori errors Theapriori errors multiplied by the standard error of unit
weight (reference factor) resulting from a network
adjustment.

a priori errors Errors estimated for observations prior to a network
adjustment.

AASHTO American Association of State Highway and

Transportation Officials

accuracy The closeness of a measurement to the actual (true) value
of the quantity being measured.

adjusted values Values derived from observed data (measurement) by
applying aprocess of eliminating errorsin that datain a
network adjustment.

adjustment The process of determining and applying corrections to
observations for the purpose of reducing errorsin a
network adjustment.

adjustment When the network adjustment has met the defined
convergence residual tolerance or last ditch residual tolerance within a
defined number of iterations.
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adjustment datum

adjustment styles

algebraic sign

algorithm

almanac

ambiguity

annotation

The datum used in the current network adjustment
iteration. The Trimble Geomatics Office software letsyou
select either the project datum or WGS-84.

Trimble default and user-defined settings for a network
adjustment.

The sign (+ or —) associated with avalue which designates
it as a positive or negative number.

A set of rulesfor solving a problem in afinite number of
steps.

Data transmitted by a GPS satellite that includes orbit
information on all the satellites, clock correction, and
atmospheric delay parameters. The amanac facilitates
rapid SV acquisition. The orbit information is a subset of
the ephemeris data with reduced precision.

The unknown integer number of cycles of the
reconstructed carrier phase contained in an unbroken set
of measurements. The receiver counts the radio waves
(from the satellite as they pass the antenna) to a high
degree of accuracy. However, it has no information on the
number of wavesto the satellite at the time it started
counting. This unknown number of wavelengths between
the satellite and the antennais the ambiguity. Also known
asinteger ambiguity or integer bias.

A piece of text that describes another database record. To
select and edit annotations, use the Properties window. An
annotation is live—any fields are re-expanded whenever
the parent entity changes.

176 Trimble Geomatics Office — Network Adjustment User Guide



Glossary

antenna height

antenna phase
correction

Anti-Spoofing (AS)

APC

The height of a GPS antenna phase center above the point
being observed.

The uncorrected antenna height is measured from the
observed point to a designated point on the antenna, then
corrected to the true vertical manually or automatically in
the software.

The phase center for a GPS antennais neither a physical
nor a stable point. The phase center for a GPS antenna
changes with respect to the changing direction of the
signal from a satellite. Most of the phase center variation
depends on satellite elevation. Modeling this variation in
antenna phase center location alows avariety of antenna
types to be used in a single survey. Antenna phase center
corrections are not as critical when two of the same
antenna are used since common errors cancel out.

A feature that allows the U.S. Department of Defense to
transmit an encrypted Y-codein place of P-code. Y-codeis
intended to be useful only to authorized (primarily
military) users. ASis used to deny the full precision of
GPS to civilian users.

Antenna Phase Center

The electronic center of the antenna. It often does not
correspond to the physical center of the antenna. Theradio
signal is measured at the APC.

In the Properties window the height of a point may be the
elevation of the APC. If the height is specified as APC, it
isthe height of the APC—not the ground height.
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autonomous
positioning

azimuth

base station

baseline

A mode of operation in which a GPS receiver computes
position fixesin real time from satellite data alone,
without reference to data supplied by a base station.
Autonomous positioning is the least precise positioning
procedure a GPS receiver can perform, yielding position
fixesthat are precise to £100 meters horizontal RMS
when Selective Availability isin effect, and to £10-20
meterswhen it is not. Also known as absolute positioning
and point positioning.

A surveying observation used to measure the angle
formed by a horizontal baseline and geodetic north. When
applied to GPS observations, it refers to anormal section
azimuth.

An antenna and receiver set up on aknown location. Itis
used for real-time kinematic (RTK) or differential
surveys. Data can be recorded at the base station for later
postprocessing. A Trimble base station consists of a
receiver in Base Station mode used with the Trimble
Reference Station (TRS™) software or the Universal
Reference Station (URS™) software.

In GPS surveying practice, you observe and compute
baselines (that is, the position of one receiver relative to
another). The base station acts as the position from which
all other unknown positions are derived.

The position of a point relative to another point. In GPS
surveying, thisis the position of one receiver relative to
another. When the data from these two receiversis
combined, the result is a baseline comprising a
three-dimensional vector between the two stations.
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baseline processor

baud

bivariate

CAD styles

calibrated site

A computer program that computes baseline solutions
from satellite measurements. It may run as a postprocessor
on apersonal computer, or as areal-time processor in a
receiver. WAV E (Weighted Ambiguity Vector Estimator)
is Trimbl€'s baseline processor.

A unit of datatransfer speed (from one binary digita
device to another) used when describing serial
communications.

Mathematica function describing the behavior of
two-dimensional random errorsin error ellipsesfor:

northing/easting
latitude/longitude
XY

CAD styles define the appearance of points, lines, arcs,
curves, text, and annotations in a project. A style, for
example, can be made up of a symbol, line type, color, or
font. Style definitions are stored in a project.

To have styles available for a number of projects, define
the stylesin atemplate project.

A site definition uses an existing coordinate system
definition plus correction transformation. This makes the
best fit for GPS datain a specific area (or site). The extra
correction transformations are required because a
coordinate system is designed to apply over avery large
area. It does not alow for variationsin the local
coordinates.

You need to have new work fit with the existing control,
so the extra correction transformations will correct for
these local variations. Extra corrections are only valid
over alimited area. Thisexplainsthe ‘site’ terminology.
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calibration
coordinates

Cartesian
coordinates

chi-square test

clock offset

closure

CMR

The Trimble Geomatics Office software can compute the
extratransformations required to fit to local control and
save these definitions in the coordinate system database.

WGS-84 coordinates (latitude/longitude/ellipsoid height)
generated from a minimally constrained network
adjustment of your GPS observation, then saved for later
usein a GPS site calibration.

The calibration coordinates are used as the GPS observed
coordinates that are associated with the grid coordinates
of a particular point when performing a calibration.

See Earth-Centered-Earth-Fixed Cartesian coordinates.

Anoverall statistical test of the network adjustment. Itisa
test of the sum of the weight squares of the residuals, the
number of degrees of freedom and acritical probability of
95 percent or greater.

The purpose of thistest isto reject or to accept the
hypothesis that the predicted errors have been accurately
estimated.

The constant difference in the time reading between two
clocks. In GPS, usually refersto offset between SV clocks
and the clock in the user's receiver.

Agreement between measured and known parts of a
network.

Compact Measurement Record

A satellite measurement message that is broadcast by the
base receiver and used by real-time kinematic (RTK)
surveysto calculate an accurate baseline vector from the
base to the rover.
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Coarse Acquisition
(C/A) code

code

component

constellation

constrained

constraint

A pseudorandom noise (PRN) code modulated onto an L1
signal. This code helps the receiver compute the distance
from the satellite.

The GPS code is a pseudorandom noise (PRN) code that
is modulated onto the GPS carrier signals.

The C/A codeis unclassified and is available for use by
civilian applications.

The P codeis aso known and unclassified, but may be
encrypted for nationa defense purposes.

Code measurements are the basis of GPS navigation and
positioning. Code also is used in conjunction with carrier
phase measurements to obtain more accurate survey
quality baseline solutions.

One of the three surveying observations used to define a
three-dimensional baseline between two control points.
The same baseline can be defined by azimuth, delta
height, and distance (in ellipsoid coordinates); by delta X,
delta, and delta Z (in Earth Centered Cartesian
coordinates); and by delta north, delta east, and delta up
(in'loca plane coordinates).

A specific set of satellites used in calculating positions:
three satellites for 2D fixes, four satellites for 3D fixes.

All satellites visible to a GPS receiver at onetime. The
optimum constellation is the constel lation with the lowest
PDOP. See aso PDOP.

To hold (fix) a quantity (observation and coordinate) as
true in anetwork adjustment.

External limitations imposed upon the adjustable
guantities (observations and coordinates) in a network
adjustment.
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control point

conventional
observation

coordinate system

A monumented point to which coordinates have been, or
are in the process of being, assigned by the use of
surveying observations.

An observation in the field obtained using a total station
or theodolite.

A set of transformations that allow GPS positions (in the
WGS-84 €llipsoid) to be transformed to projection
coordinates with elevations above the Geoid.

It consists of a datum transformation, a geoid model
alocation, and a coordinate projection definition.

The datum transformation is defined in the coordinate
system database. It includes the definition of the datum on
which the coordinate projection is based.

An existing geoid model can be assigned to the coordinate
system, but it is also possible to specify a constant geoidal
separation rather than using a geoid model. Use the
Trimble Coordinate System Manager utility to define
geoid models in the coordinate system database.

You can allocate some coordinate projection typesto a
coordinate system (for example, Transverse Mercator or
Lambert One Parallel). Different countries and regions
use different projection types to achieve optimum results
(that is, minimum distortion) in the projection
coordinates. The coordinate projection methods project
latitude and longitude values on the appropriate datum to
Cartesian coordinate values. The elevations for the

proj ection coordinates are achieved using the geoid model
assigned to the coordinate system.

The Trimble Coordinate System Manager utility lets you
view, edit, and add to the coordinate system definitions
supplied with the Trimble Geomatics Office software.
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correlated

covariance

covariance matrix

covariant values

current view

cycle slip

data logging

Said of two or more observations (or derived quantities)
which have at least one common source of error.

A measure of the correlation of errors between two
observations or derived quantities. Also refersto an
off-diagonal term (that is, not avariance) in a
variance-covariance matrix.

A matrix that defines the variance and covariance of an
observation. The elements of the diagonal are the variance
and all elements on either side of the diagona are the
covariance.

As used by the Trimble Geomatics Office software, thisis
the publication of the propagated (computed) a posteriori
errors in azimuth, distance, and height between pairs of
control points resulting from a network adjustment. The
term covariant indicates that this computation involvesthe
use of covariant termsin the variance-covariance matrix
of adjusted control points.

You can open more than one view onto the database using
the Window / New Window command. Each of these views
can have different view settings. The current view isthe
view that has focus and thisisidentified by the use of the
activetitle bar.

Aninterruption in areceiver’'slock onto asatellite’sradio
signals. A cycle dip requires the re-estimation of integer
ambiguity terms during baseline processing.

The process of recording satellite datain afile stored in
the receiver, on a data collector running the Trimble
Survey Controller software, or on a survey data card.
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data message

datum

datum defect

datum
transformation

A message, included in the GPS signal, that reports on the
location and health of the satellites as well as any clock
correction. It includes information about the health of
other satellites as well as their approximate position.

A mathematical model of the earth designed to fit part or
al of the geoid. It is defined by the relationship between
an ellipsoid and a point on the topographic surface
established asthe origin of thedatum. Itisusually referred
to as a geodetic datum.

The size and shape of an dlipsoid, and the location of the
center of the ellipsoid with respect to the center of the
earth, usually define world geodetic datums.

Unknown discrepancies between two sets of coordinates
which can only be rectified by the use of a datum
transformation as part of a network adjustment.

Defines the transformation that is used to transform the
coordinates of a point defined in one datum to coordinates
in adifferent datum.

There are a number of different datum transformation
methods supported by the Trimble Geomatics Office
software:

Seven-Parameter

Three-Parameter (also referred to as Mol odensky)
Multiple Regression

Datum Grid

Datum transformations usually convert data collected in
the WGS-84 datum (by GPS methods) onto datums used
for surveying and mapping purposes in individual regions
and countries.
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de-correlate

deflection of the
vertical

degrees of freedom
delta elevation

delta height

deltaN, delta E, delta
]

delta X, delta V, delta
Z

differential
positioning

DOP

Trimble Geomatics Office — Network Adjustment User Guide

To remove the covariances between observations. This
may be done through elaborate orthogonal
transformations, or by computing separate horizontal and
vertical adjustments.

The angular difference between the upward direction of
the plumb line (vertical) and the perpendicular (normal) to
the ellipsoid.

A measure of the redundancy in a network.
The difference in elevation between two points.

The vertical component in the Trimble Geomatics Office
software's expression of GPS baselines. It isthe difference
in height or change of height.

Coordinate differences expressed in a Local Geodetic
Horizon coordinate system.

Coordinate differences expressed in a Cartesian
coordinate system.

The precise measurement of the relative position of two
receivers that are tracking the same satellites
simultaneously.

Dilution of Precision

Anindicator of the quality of a GPS position. It takes
account of each satellite’s location relative to the other
satellites in the constellation, and their geometry in
relation to the GPS receiver. A low DOP valueindicates a
higher probability of accuracy.
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Doppler shift

double differencing

DTM

dual-frequency

Earth-Centered-
Earth-Fixed (ECEF)

easting

Standard DOPs for GPS applications are:
PDOP Position (three coordinates)

HDOP Horizontal (two horizontal coordinates)
RDOP

VDOP Vertical (height only)

TDOP Time (clock offset only)

The apparent change in frequency of asignal caused by
the relative motion of satellites and the receiver.

An arithmetic method of differencing carrier phases
simultaneously measured by two receivers tracking the
same satellites. This method removes the satellite and
receiver clock errors.

Digital Terrain Model

An electronic representation of terrain in three-
dimensions.

A type of receiver that usesboth L1 and L2 signals from
GPS satellites. A dual-frequency receiver can compute
more precise position fixes over longer distances and
under more adverse conditions because it compensates for
ionospheric delays.

A Cartesian coordinate system used by the WGS-84
reference frame. In this coordinate system, the center of
the system is at the earth's center of mass. The z axisis
coincident with the mean rotational axis of the earth and
the x axis passes through 0° N and 0° E. They axisis
perpendicular to the plane of the x and z axes.

Eastward reading of grid values. Left to right on agrid
(X-axis).
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elevation

elevation mask

ellipsoid

ellipsoid distance

ellipsoid height

The height above mean sealevel or the vertical distance
above the geoid. Elevation is sometimes referred to asthe
orthometric height.

An anglewhichis normally set to 13 degrees. If you track
satellites from above this angle, you usualy avoid
interference caused by buildings, trees, and multipath
errors.

Trimble recommends that you do not track satellites from
below 13 degrees.

A mathematical model of the earth formed by rotating an

ellipse around its minor axis. For elipsoids that model the
earth, the minor axisisthe polar axis, and the major axisis
the equatorial axis.

You define an ellipsoid by specifying the lengths of both
axes, or by specifying the length of the major axis and the
flattening.

Two quantities define an ellipsoid; these are usually given
asthe length of the semi-magjor axis, a, and the flattening,

f= (a—b)
a
where b is the length of the semi-minor axis.

As used in the Trimble Geomatics Office software, it is
the length of the normal section between two points.

Ellipsoid distance is hot the same as the geodesi ¢ distance.

The distance, measured along the normal, from the
surface of the ellipsoid to a point.
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entities

ephemeris

epoch

epoch interval

error

error ellipse

Primary graphical elements that you can view and select
from the graphics window.

Entities available in the Trimble Geomatics Office
software are points, lines, arcs, curves, text, and
annotations.

A set of datathat describes the position of a celestia
object as afunction of time. Each GPS satellite
periodically transmits abroadcast ephemeris describing its
predicted positions through the near future, uploaded by
the Control Segment. Postprocessing programs can also
use a precise ephemeris that describes the exact positions
of asatellite in the past.

The measurement interval of a GPS receiver. The epoch
varies according to the survey type:

For real-time surveysit is set at one second. For
postprocessed surveysit can be set to arate of between
one second and one minute

The measurement interval used by a GPS receiver; also
caled acycle.

The difference between the measured value of a quantity
and its true value. Surveying errors are generally divided
into three categories: blunders, systematic errors, and
random errors. Least squares analysisis used to detect and
eliminate blunders and systematic errors, and least squares
adjustment is used to measure and properly distribute
random error.

A coordinate error ellipseisagraphical representation of
the magnitude and direction of the error of network
adjusted points.
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events

FastStatic

Feature and
Attribute Library
(*.fcl) file

feature codes

field codes

A record of the occurrence of an event, such asthe closing
of a photogrammetric camera's shutter. A GPS receiver
can log an event mark containing the time of the event and
an aphanumeric comment entered through the keypad to
describe the event. An event can be triggered through the
keypad or by an eectrical signal input on one of the
receiver's ports.

A method of GPS surveying using occupations of up to 20
minutes to collect GPS raw data, then postprocessing to
achieve sub-centimeter precisions. Typically the
occupation times vary based on the number of satellites
(SVs) inview:

4 SV s take 20 minutes*

5 SVstake 15 minutes*

6 or more SV's take 8 minutes*
(*collected at a 15 second epoch rate)

A text file that contains the definitions of feature codes,
attributes, CAD styles, and control codes.

Descriptive words or abbreviations that describe the
features you see.

Specid instructionsthat tell the Trimble Geomatics Office
software to insert information into reports, files, and
annotations.

Field codes are used to handle the transfer of database
datain ASCII import/export/report operations.
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final solution

fixed

fixed coordinates

fixed solution

flattening

flattening inverse

float solution

free adjustment

frequency
distribution

When postprocessing is used to generate GPS vectors,
particularly for static solutions, the baseline processor
steps through different solutions using a variety of
processing techniques and combinations of GPS
measurements. In general each subsequent solution is
better than the previous one. The final solution provides
the best estimate of the GPS vector between two points.

See constrained.

Point coordinates that do not move when performing a
network adjustment.

A solution obtained when the baseline processor is able to
resolve the integer ambiguity search with enough
confidence to select one set of integers over another. Itis
called afixed solution because the ambiguities are all
fixed from their estimated float valuesto their proper
integer values.

A mathematical expression of the relative lengths of the
major and minor axes of an €llipsoid.

An expression of the flattening that is easier to read and
edit.

A solution obtained when the baseline processor is unable
to resolve the integer ambiguity search with enough
confidence to select one set of integers over another. It is
called afloat solution because the ambiguity includes a
fractional part and is non-integer.

Performing a network adjustment in which no point
(coordinate) is constrained. The network adjustment uses
inner constraints.

The size and spread of residuals in a data set. Graphically
shown in histograms.
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fully constrained

GDOP

geodetic azimuth

geodetic datum

geographic
(geodetic)
coordinates

A network adjustment in which &l pointsin the network
which are part of alarger control network are held fixed to
their published coordinate values. Used to merge smaller
with larger control networks and old to newer networks.

Geometric Dilution of Precision

The relationship between errors in user position and time,
and errors in satellite range. See also DOP.

The angle between the geodetic meridian and the tangent
to the geodesic line of the observer, measured in the plane
perpendicular to the ellipsoid normal of the observer.
Clockwise from north.

A mathematical model designed to fit part or all of the
geoid. It is defined by the relationship between an
ellipsoid and a point on the topographic surface
established as the origin of adatum.The size and shape of
an ellipsoid and the location of the center of the ellipsoid
with respect to the center of the earth define world
geodetic datums.

Various datums have been established to suit particular
regions. For example, European maps are often based on
the European datum of 1950 (ED-50). Maps of the United
States are often based on the North American Datum of
1927 or 1983 (NAD-27, NAD-83). All GPS coordinates
are based on the WGS-84 datum surface.

Latitude, longitude, and ellipsoid height.
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geoid

geoid model

The surface of gravitational equipotentia that closely
approximates mean sealevel. It isnot auniform
mathematical shape, but isan irregular figure with an
overall shape similar to an ellipsoid.

Generally, the elevations of points are measured with
reference to the geoid. However, points fixed by GPS
methods have heights established in the WGS-84 datum (a
mathematical figure).

The relationship between the WGS-84 datum and the
geoid must be determined by observation, as thereisno
single mathematical definition that can describe the
relationship. You must use conventional survey methods
to observe the el evation above the geoid, then compare the
results with the height above the WGS-84 ellipsoid at the
same point.

By gathering alarge number of observations of the
separation between the geoid and the WGS-84 datum
(geoidal separation), grid files of the separation values can
be established. Thisalowstheinterpolation of the geoidal
separation at intermediate positions. Files containing these
grids of geoidal separations are referred to as geoid
models. Given aWGS-84 position that falls within the
extents of a geoid model, the model can return the
interpolated geoidal separation at this position.

A mathematical representation of the geoid for a specific
area, or for the whole earth. The software uses the geoid
model to generate geoid separations for your pointsin the
network.
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geoid observation

geoid separation

geomatics

GPS

GPS baseline

GPS observations

GPS raw data

A geoid separation, with its associated error, extracted
from a geoid model. The Trimble Geomatics Office
software network adjustment treats them as in the same
way as any observation with an associated error. Asthe
adjustment progresses the observations will become
adjusted geoid observations.

The distance between the ellipsoid and geoid at a given
point.

The design, collection, storage, analysis, display, and
retrieval of spatial information. The collection of spatial
information can be from avariety of sources, including
GPS and terrestrial methods. Geomatics integrates
traditional surveying with new technology-driven
approaches, making geomatics useful for avast number of
applications.

Global Positioning System

GPS is based on a constellation of 24 satellites orbiting
the earth at a very high atitude.

A three-dimensional measurement between a pair of
stations for which simultaneous GPS data has been
collected and processed with differencing techniques.

Represented as delta X, delta Y, and delta Z; or azimuth,
distance, and delta height.

A GPS baseline with its associated errors. Asthe
adjustment progresses the observations become adjusted
GPS observations.

The data collected by a GPS receiver for the purpose of
processing at alater time. It can be in the form of a.dat
file (Trimble raw datafile format) or aRINEX file.
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GPStime

grid

grid conversion

grid distance

ground distance

HDOP

height measurement

rod

HI

histogram

horizontal
control point

horizontal distance

horizontal position
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A measure of time used by the NAV STAR GPS system.
GPS time is based on Universal Time Coordinated (UTC)
but does not add periodic leap seconds to correct for
changes in the earth’s period of rotation.

A two-dimensional horizontal rectangular coordinate
system, such as a map projection.

The conversion between geographic and map projection
coordinates.

The distance between two points that is expressed in
mapping projection coordinates.

The distance (horizontal distance with curvature applied)
between two ground points.

Horizonta Dilution of Precision

A measuring tool supplied with an external GPS antenna
and used for measuring the height of the antenna above a
point.

Height of instrument.

Synonymous with antenna heights for GPS.

A graphical display of the size and distribution of
residuals in a network adjustment.

A point with horizontal coordinate accuracy only. The
elevation or ellipsoid height is of alower order of
accuracy or is unknown.

The distance between two points, computed horizontally
from the elevation of either point.

A point with horizontal coordinates only.

Trimble Geomatics Office — Network Adjustment User Guide



Glossary

independent

inner constraint

integer ambiguity

integer search

iono free

ionosphere

Subnetworks, observations, and control points not
connected by geometry or errors. Thisterm isthe opposite
of correlated.

A network adjustment computed without fixing any point
coordinates. The Trimble Geomatics Office software uses
the centroid of the network as an inner constraint.

The whole number of cyclesin acarrier phase
pseudorange between the GPS satellite and the GPS
receiver.

GPS baseline processing, whether real-time or
postprocessed, requires fixed integer solutions for the best
possible results. The software which processes the GPS
measurements used to derive a baseline does an integer
search to obtain afixed integer solution. The search
involves trying various combinations of integer values
and selecting the best results.

| onospheric free solution (IonoFree)

A solution that uses a combination of GPS measurements
to model and remove the effects of the ionosphere on the
GPS signals. This solution is often used for high-order
control surveying, particularly when observing long
baselines.

The band of charged particles 80 to 120 miles above the
earth's surface. It affects the accuracy of GPS
measurements if you measure long baselines using single-
frequency receivers.
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ionospheric
modeling

iteration

kinematic surveying

known point

initialization

L1

The time delay caused by the ionosphere varies with
respect to the frequency of the GPS signals and affects
both the L1 and L 2 signals differently. When dual
frequency receivers are used the carrier phase
observations for both frequencies can be used to model
and eliminate most of the ionospheric effects. When dual
frequency measurements are not available an ionospheric
model broadcast by the GPS satellites can be used to
reduce ionospheric affects. The use of the broadcast
model, however, is not as effective as the use of dual
frequency measurements.

A complete set of adjustment computations that includes
the formation of the observation equations, normal
eguations, coordinate adjustments, and computation of
residuals.

A method of GPS surveying using short Stop and Go
occupations, while maintaining lock on at least four
satellites. Can be donein real time or postprocessed to
centimeter precisions.

Known point is used in conjunction with kinematic
initialization. If two known points are available, the
baseline processor can calculate an inverse between the
two points and derive an initialization vector. This
initialization vector, with known baseline components, is
used to help solve for the integer ambiguity. If the
processor is able to successfully resolve this ambiguity a
fixed integer solution is possible, yielding the best
solutions for kinematic surveys.

The primary L-band carrier used by GPS satellites to
transmit satellite data. Itsfrequency is 1575.42 MHz. It is
modulated by C/A code, P code, and a Navigation

Message.
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L2

label

layers

least squares

level observation

level of confidence

The secondary L-band carrier used by GPS satellites to
transmit satellite data. 1ts frequency is 1227.6 MHz. It is
modulated by P code and a Navigation Message.

Information that you can assign to points in the project.
They appear beside points helping you locate them easily.
Labels are visible in Survey view and Plan view.

You can use the Trimble Geomatics Office software’s
predefined label definition to label points (for example,
with their names, feature codes, and elevations).

L abels use the same font and size as the Tool Tips in your
Microsoft Windows A ppearance settings.

To assign labels to points in the database, use View / Point
Labels.

A place to store data that has been grouped together.

Organizing datainto layersin thisway makesit easier to
manage. You can have any number of layersin a project.
To assign or reassign an entity to alayer, use the
Properties window. A layer name can have up to 100
alphanumeric characters.

A mathematical method for the adjustment of
observations, based on the theory of probability. In this
adjustment method, the sum of the squares of al the
weighted residualsis minimized.

A level observation is an observation in the field using a
digital level.

A measure of the confidence in our results, expressed in a
percentage or sigma.
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level of significance

local ellipsoid

local geodetic
coordinates

local geodetic
horizon

loop closure

An expression of probability. A one-sigma (standard)
error issaid to have alevel of significance of 68 percent.
For one-dimensional errors, a 95 percent level of
significance is expressed by 1.96 sigma, and a 99 percent
level of significance is expressed by 2.576 sigma.

The ellipsoid specified by a coordinate system. The
WGS-84 coordinates are first transformed onto this
ellipsoid, then converted to grid coordinates.

The latitude, longitude, and height of apoint. The
coordinates are expressed in terms of the local ellipsoid.

At any point, a plane at the ellipsoid height of agiven
point which is parallel to the tangent plane to the ellipsoid
at that point. Coordinate values for the local geodetic
horizon are expressed as North, East, and Up. The LGH is
used for rotating EC Cartesian Coordinate differences,
before modeling a baseline on the ellipsoid. Azimuth
values computed from LGH components must be
corrected for skew normals as part of modeling on the
ellipsoid.

L oop closures provide an indication as to the amount of
error in a set of observations within a network.

A loop closureis calculated by selecting a point from
which one or more observations were taken, adding one of
those observations to the point's coordinates, and
calculating coordinates of the second point based on that
observation. This process is repeated one or more times
around aloop, finally ending at the original starting point.
If there were no errorsin the observations, the final
calculated coordinate would be exactly the same as the
original starting coordinate. By subtracting the calcul ated
coordinate from the original coordinate a misclosureis
determined. Dividing this error by the length of theline
allows the error to be expressed in parts per million.
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major axis

mapping angle

mapping projection

mean sea level

minimally
constrained

minor axis

modeling

multipath

narrow-lane

This technique can a so be used between two different
points when both points are known with a high degree of
accuracy. Thisisalso known as atraverse closure.

See ellipsoid.

The angle between grid north on amapping projection and
the meridian of longitude at a given point. Also know as
convergence.

A rigorous mathematical expression of the curved surface
of the ellipsoid on arectangular coordinate grid.

The mean height of the surface of the ocean for all stages
of the tide. Used as areference for elevations.

A network adjustment in which only enough constraintsto
define the coordinate system are employed. Used to
measure internal consistency in observations.

See ellipsoid.

Expressing an observation and its related errors
mathematically and geometrically on some defined
coordinate system, such as an ellipsoid.

Interference (similar to ghosts on atelevision screen) that
occurs when GPS signals arrive at an antenna after
traveling different paths. The signal traveling the longer
path yields alarger pseudorange estimate and increases
the error. Multiple paths may arise from reflections from
structures near the antenna.

A linear combination of L1 and L2 carrier phase
observations (L1 + L2) that is useful for canceling out
ionospheric effects in collected baseline data. The
effective wavelength of the narrow-lane is 10.7 cm.
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NAVDATA

network

network adjustment

network status

NMEA

normal

NAVDATA isthe 1500-bit navigation message broadcast
by each satellite. This message contains system time,
clock correction parameters, ionospheric delay model
parameters, and details of the satellite's ephemeris and
health. The information is used to process GPS signalsto
obtain user position and velocity.

A set of baselines. See aso subnetwork.

Solution of simultaneous equations designed to achieve
closurein a survey network by minimizing the sum of the
weighted squares of the residuals of the observations.

The adjustment technique employed by the Trimble
Geomatics Office software is sometimes called variation
of coordinates, and at other times the method of indirect
observations.

An indication that a particular observation will be
included in the adjustment.

Network meansthat it isincluded in the adjustment
Non-network meansthat it is excluded from the
adjustment.

National Marine Electronics Association

The NMEA 0183 Standard defines the interface for
marine electronic navigational devices. This standard
defines a number of strings referred to as NMEA strings
that contain navigational details such as positions.

Most Trimble GPS receivers can output positions as
NMEA strings.

In geodesy, the straight line perpendicular to the surface of
the ellipsoid.

200 Trimble Geomatics Office — Network Adjustment User Guide



Glossary

normal distribution
curve

northing

observation residual

observations

occupation time

origin

orthometric height

OTF search method

A graphical illustration of the theoretical distribution of
random variables around an expected value according to
probability theory. Used with histograms.

Northward reading of agrid value.

The correction applied to an observation, as determined
by the adjustment.

See surveying observations.

The amount of time required on a station, or point, to
achieve successful process of a GPS baseline. The amount
of time will vary depending on the surveying technique,
the type of GPS receiver used, and the precision required
for the final results. Occupation times can vary from a
couple of seconds (kinematic surveys) to several hours
(control or deformation surveys that require the highest
levels of precision and repeatability).

The intersection of axesin a coordinate system. The point
of beginning.

The distance between a point and the surface of the geoid.
It isusualy called the elevation.

GPS baseline processing, whether real-time or
postprocessed, requires fixed integer solutions for the best
possible results. (See integer search.)

Historically, this search was done using measurements
collected while two or more receivers were stationary on
their respective points. Modern receivers and software can
use the measurements collected while the roving receiver
is moving. Because the receiver ismoving, the datais
described as collected On-the-fly (OTF) and the integer
search using this datais an OTF search.
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outlier

over-determined

P-code

parameter

parity

PDOP

An observation which isidentified by statistical analysis
as having aresidual too large for its estimated error. The
term derives from the graphical position of an observation
in a histogram.

A network for which more measurements have been made
than are necessary to compute the coordinates of the
network. Related to redundancy.

The precise code transmitted by the GPS satellites. Each
satellite has a unique code that is modul ated onto both the
L1 and L2 carrier waves. The P-codeis replaced by a

Y -code when Anti-Spoofing is active.

Anindependent variablein terms of which the coordinates
of pointson aline or surface are given. See unknowns.

A form of error checking used in binary digital data
storage and transfer. Options for parity-checking include
Even, Odd, or None.

Position Dilution of Precision

A unitless figure of merit expressing the relationship
between the error in user position, and the error in satellite
position. Geometrically, PDOP is proportional to 1
divided by the volume of the pyramid formed by lines
running from the receiver to four satellites that are
observed. Values considered ‘good’ for positioning are
small, for example 3. Values greater than 7 are considered
poor. Thus, small PDOP is associated with widely
separated satellites.

PDOP isrelated to horizontal and vertical DOP by:
PDOP’= HDOP? + VDOP?
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PDOP cutoff

PDOP mask

phase center

phase center models

plumbing

point positions

postprocess

PPM

precise ephemeris

A receiver parameter specifying a maximum PDOP value
for positioning. When the geometric orientation of the
satellites yields a PDOP greater than the mask value, the
receiver stops computing position fixes.

The highest PDOP value at which areceiver will compute
positions.

See antenna phase correction.

A model used to apply a correction to a GPS signal based
on a specific antennatype. The correction is based on the
elevation of the satellite above the horizon and models
electrical variations in the antenna phase center location.
These models are useful for eliminating errors introduced
when identical antennas are not used at both the base and
rover points. See also antenna phase correction.

The act of aligning the antenna or instrument along a
vertical line (plumb line) perpendicular to the
equipotential surface of earth's gravity field.

See autonomous positioning.

To process satellite data on acomputer after it has been
collected.

Parts per million

A standardized representation of a scale error in distance
measurements. A 1 PPM error would result in 1
millimeter of measurement error for every 1000 meters of
distance traveled.

See ephemeris.
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precision

PRN

probability

probable value

project

project datum

A measure of how closely random variables tend to
cluster around a computed value. High precision implies
small residuals. Usually expressed as one part in, or
aternatively, as parts per million.

Pseudorandom number

A sequence of digital 1's and 0's that appear to be
randomly distributed like noise, but that can be exactly
reproduced. PRN codes have alow autocorrelation value
for al delays or lags except when they are exactly
coincident.

Each NAV STAR satellite can be identified by its unigue
C/A and P pseudorandom noise codes, so theterm PRN is
sometimes used as another name for GPS satellite or SV.

A statistical percentage expressing what portion of a
hypothetical number of observationswill fall within the
defined limits. Sometimes called level of significance.

The adjusted value for observations and other quantities,
assuming that the adjustment has been done correctly. The
closest approximation to true value that is possible.

The Trimble Geomatics Office software operates on data
in projects. You can consider a project to be the workspace
you are working in. New projects are always created from
existing templates and inherit all the elements of the
template. From this point on, all new work is saved only
in the new project.

A project contains al of the raw observations, computed
points, coordinate system definition, line work, text, and
CAD styles.

The datum associated with a project in the Trimble
Geomatics Office software. All local coordinates are
displayed using the project datum.
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projection

propagated error

Quality Acceptance
test

QC records

ratio

RDOP

Used to create flat maps that represent the surface of the
earth or parts of that surface.

Computed errors derived from estimated observational
errors and expressed in terms of coordinate positions.
Propagated coordinate errors may, in turn, be propagated
into relative errors in azimuth, distance, and delta height
between points.

One or more software evaluation tests performed on raw

GPS measurement data to determine if the data passes or
fails a set of tolerance values that you define. These tests
either remove data from further processing or mark data

requiring quality improvements.

Quality Control records

QC records contain information about the quality of the
measured GPS position. They are stored with the point
record.

During initialization, the receiver determines the integer
number of wavelengths for each satellite. For a particul ar
set of integers, it works out the probability that it is the
correct set.

Ratio istheratio of the probability of correctness of the
currently best set of integers to the probability of
correctness of the next-best set. Thus, ahigh ratio
indicates that the best set of integers is much better than
any other set. This gives us confidence that it is correct.
The ratio must be above 5 for new point and OTF
initializations.

Relative Dilution of Precision
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Real-Time kinematic

rectangular
coordinates

reduced column
profile

redundancy

redundancy number

redundant baselines

redundant
observation

reference factor
reference frame

reference station
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A method of GPS surveying in real-time using short (Stop
and Go) occupation, while maintaining lock on at least 4
satellites. This method requires awireless data link
between the base and rover receivers.

Coordinatesin any system in which the axes of reference
intersect at right angles.

An abbreviated version of the normal equations in which
the equations are reordered to minimize the computer
memory required to store all nonzero elements.

The amount by which a control network is
overdetermined, or has more observations than are needed
to strictly compute its parts.

A measure of the degrees of freedom in a portion, rather
than the entirety, of a control network.

A baseline observed to a point that has already been
connected to the network by other observations. A
redundant baseline can be either an independent
reobservation of a previous measurement, or an
observation to a point from another base. It is redundant
because it provides more information than is necessary to
uniquely determine a point. Redundant observations are
very useful, however, in that they provide a check on the
quality of previous measurements.

A repeated observation, or an observation which
contributes to over-determining a network.

See standard error of unit weight.
The coordinate system of a datum.

A base station.
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reference variance

relative errors

residual

RINEX

RMS

rotated meridian

rotation

rover

RTCM

The square of the reference factor.

Errors and precisions expressed for and between pairs of
network-adjusted control points.

The correction, or adjustment, of an observation to
achieve overadll closure in a control network. Also, any
difference between an observed quantity and a computed
value for that quantity.

Receiver INdependent EX change format

A standard GPS raw datafile format used to exchange
files from multiple receiver manufacturers.

Root Mean Square

RMS expresses the accuracy of point measurement. It is
the radius of the error circle within which approximately
70% of position fixes are found. It can be expressed in
distance units or in wavelength cycles.

A zone constant for the oblique Mercator mapping
projection.

In transformations, an angle through which a coordinate
axisis moved around the coordinate system origin.

Any mobile GPS receiver and field computer that is
collecting datain the field. The position of aroving
receiver can be differentialy-corrected relative to a
stationary base GPS receiver.

Radio Technical Commission for Maritime Services

A Commission established to define a differential data
link for the real-time differentia correction of roving GPS
receivers. There are two types of RTCM differential
correction messages, but all Trimble GPS receivers use
the newer Type 2 RTCM protocol.
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RTK

satellite geometry

scalar

scalar weighting

scale

SDMS

Real-time kinematic
A type of GPS survey.

Position and movement of GPS satellites during a GPS
survey.

In least squares, avalue applied to the variances (errors)
based on the required level of confidence.

A process of applying a scalar to the estimated errorsto
achieve proper weighting of the observation. The three
types of scalars available in a network adjustment in the
Trimble Geomatics Office software are:

Default means that scalar is set to 1.00, initial estimated
error remains the same

Alternative meansthat scalar is set to the Reference Factor
of the previous adjustment

User-defined means that you can enter avalue for the
scalar

The scalar is applied to the observation errors using one of
the following methods:

All Observations
Each Observation

Variance Component Groups

A multiplier used on coordinate and other linear variables,
such as for map projections and transformations.

Survey Data M anagement System

A set of format definitions for the storage of survey data.
AASHTO maintains this system.
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Selective Availability
(S/A)

semi-major axis
semi-minor axis

session

set-up error

sideshot
sigma

single-frequency

site calibration

skyplot

Artificial degradation of the GPS satellite signal by the
U.S. Department of Defense. Since 1st May 2000,
Selective Availability has been turned off.

One-half of the major axis.
One-half of the minor axis.

A period during which one or more GPS receiverslog
satellite measure data.

Errorsin tribrach centering or height of instrument at a
control point.

An observed baseline with no redundancy.
A mathematical symbol or term for standard error.

A type of receiver that only usesthe L1 GPS signal. There
is no compensation for ionospheric effects.

A process of computing parameters which establishing the
relationship between WGS-84 positions (latitude,
longitude and ellipsoid height) determined by GPS
observations and local known coordinates defined by a
map projection and elevations above mean sealevel. The
parameters are used to generate local grid coordinates
from WGS-84 (and vice-versa) real-timein the field when
using RTK surveying methods.

A polar plot that shows the paths of visible satellites for
the time interval selected for the graph. The elevation of
the satellite is represented in the radial dimension and the
azimuth is shown in the angular dimension. The result
depicts the satellite's path as it appears to an observer
looking down from a place directly above the survey
point.
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solution types

slope distance

SNR

standard error

standard error of
unit weight

State Plane
Coordinates

static (surveying)

A description of both the data and techniques used to
obtain baseline solutions from GPS measurements.
Typical solution types include descriptions such as code,
float, and fixed. These describe techniques used by the
baseline processor to obtain a baseline solution. Solution
types also may include descriptions such as L1, L2, wide-
lane, narrow-lane, or ionospheric free. These describe the
way the GPS measurements are combined to achieve
particular results. For moreinformation, see the references
on GPS processing for amore in depth discussion of these
terms and techniques.

The distancein the plane parallel to the vertical difference
(slope) between the points.

Signal-to-Noise Ratio

A measure of the strength of asatellite signal. SNR ranges
from O (no signal) to around 35.

A statistical estimate of error, according to which 68
percent of an infinite number of observations will
theoretically have absolute errorsless than or equal to this
value.

A measure of the magnitude of observational residualsin
an adjusted network as compared to estimated
preadjustment observational errors.

Special definitions of Transverse Mercator and Lambert
conformal mapping projections adopted by statute in the
USA. Thereisone set of such zonesfor NAD-27, and
another for NAD-83.

A method of GPS surveying using long occupations
(hours in some cases) to collect GPS raw data, then
postprocessing to achieve sub-centimeter precisions.
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static network

status

stochastic model

subnetwork

Super-trak

The static network describes the geometry and order in
which GPS baselines collected using static and fast static
techniques are organized and processed. The baseline
processor first examines the project for points with the
highest quality coordinates, and then buildsthe processing
network from those points. The result is a set of static
baselines that are derived using accurate initial
coordinates.

Every observation and set of keyed-in coordinates for a
point has a status field (available in the Summary page of
the Properties window).

The status can be Enabled, Enabled as check, or Disabled:

Enabled observations and coordinates are always used by
recomputation in determining the calculated position for
the point.

Enabled as check observations and coordinates are only
used if there are no Enabled ones

Disabled observations and coordinates are never used.

A general reference to the techniques used to estimate
errorsin anetwork adjustment.

A set of baselines connected together by common control
points, and independent of (separate from) any other
baselines. As used by the Trimble Geomatics Office
software, a network may consist of one or more
subnetworks, and any one subnetwork may consist of as
few as one baseline and two control points.

A Trimble proprietary method of processing the L2 signal
when the P-code is encrypted.
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surveying
observations

SV

symbols and line
types

systematic errors

tau (value)

tau criterion

TDOP

terrestrial
observation

M easurements made at or between control points using
surveying equipment, including GPS receivers and
conventional equipment.

Satellite Vehicle (or Space Vehicle)

Symbols and line types are maintained using the Trimble
Symbol and Line Type Editor utilities. Use these editorsto
create new symbols and line types as well asto edit
existing ones. Symbols are stored in symbol libraries and
line types are stored in line type libraries.

The Trimble Geomatics Office software uses the current
system symbol and line type libraries. When saving an
edited library you can make this the system library (if itis
not already the current system library).

An error that occurs with the same sign, and often the
same magnitude, in a number of related observations.

A value computed from an internal frequency distribution
based upon the number of observations, degrees of
freedom, and a given probability percentage (95%). This
value is used to determineif an observation is not fitting
with the othersin the adjustment. If an observations
residual exceedsthetau, it isflagged as an outlier. Known
astau linesin the histogram of standardized residuals,
vertical lines |eft and right of the center vertical line.

Allen Pope's gtatistical technique for detecting
observation outliers. For more information, see Pope
(1976).

Time Dilution of Precision

A terrestrial observation isan observation in the field
using alaser rangefinder or conventional instrument.
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TOW

tracking

transformation

transformation
group

transformation
parameters

tribrach

tribrach centering
errors

tropo correction

Time of Week

TOW in seconds, from midnight Saturday night/Sunday
morning GPS time.

The process of receiving and recognizing signals from a
satellite.

The rotation, shift, and scaling of a network to move it
from one coordinate system to another.

A selected group of observations used to compute
transformation parameters unique to that group of
observations. Typically, the observations within the group
are the sasmetype with similar errors and measured using a
common method.

A set of parameters derived for a network adjustment or
user-defined, that transform one datum to another.
Typicaly with GPS the parameters are generated to
transform WGS-84 to the local datum.

Centering device used for mounting GPS antennas and
other survey instruments on survey tripods.

The errors associated with centering (plumbing) the
tribrach over the observed point. These errors are
estimated. The estimate is based on surveying the quality
of surveying methods and should be conservative.

Tropospheric correction

The correction applied to a satellite measurement to
correct for tropospheric delay.
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tropo model

univariate

URA

unknowns

US National

US Survey Foot

tropospheric model

GPS signals are delayed by the troposphere. The amount
of the delay will vary with the temperature, humidity,
pressure, height of the station above sealevel, and the
elevation of the GPS satellites above the horizon.
Corrections to the code and phase measurements can be
made using atropo model to account for these delays.

A mathematical function describing the behavior of
one-dimensional random errors, in:

angle

distance

difference in height
elevation

ellipsoid height

User Range Accuracy

A measure of the errorsthat may beintroduced by satellite
problems and Selective Availability (S/A) if aparticular
satellite vehicle (SV) isused. A URA of 32 meters
indicatesthat S/A isenabled. The URA valueis set by the
Control Segment and is broadcast by the satellites.

The computed adjustments to coordinates and
transformation parameters. Also used to compute
observation residuals.

United States government agency that maintains the
national geodetic datum and all geodetic survey control
networks within the US and its territories.

1200/3937 meter. The official unit of linear measure for
NAD-27.
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uTC

variance

variance component
estimation

variance group

variance-covariance
matrix

VDOP
vector

vertical

vertical adjustment

vertical control point

WAVE

weight
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Universal Time Coordinated

A time standard based on local solar mean time at the
Greenwich meridian. See also GPStime.

The square of the standard error.

A least-squares technique for estimating the relative error
of different portions of a network.

One of the groups of observations for which variance
component estimation is being used in a network
adjustment.

The set of numbers expressing the variances and
covariancesin agroup of observations.

Vertical Dilution of Precision
A three-dimensional line between two points.

Similar to the normal, except that it is computed from the
tangent plane to the geoid instead of the ellipsoid.

A network adjustment of vertical observations and
coordinates only.

A point with vertical coordinate accuracy only. The
horizontal position is of alower order of accuracy or is
unknown.

Weighted Ambiguity Vector Estimator

WAVE isthe Trimble baseline processor. It computes GPS
vectors from field observations made using static,
FastStatic, or kinematic data collection procedures.

The inverse of the variance of an observation.
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weighting strategy

weights

WGS-84

wide-lane

X,Yand Z

Y-code

zenith delay

The collection of values used to augment
variance-covariance matrices in the Trimble Geomatics
Office software.

The set of weights, or the inverse of the variance-
covariance matrix of correlated observations.

World Geodetic System (1984)

The mathematical ellipsoid used by GPS since January
1987.

A linear combination of L1 and L2 carrier phase
observations (L1 —L2). Thisis useful for itslow effective
wavelength (86.2 cm) and for finding integer ambiguities
on long baselines.

In the Earth Centered Cartesian system, X refersto the
direction of the coordinate axis running from the system
origin to the Greenwich Meridian; Y to the axis running
from the origin through the 90° east longitude meridian,
and Z to the polar ice cap. In rectangular coordinate
systems, X refersto the east-west axis, Y to the
north-south axis, and Z to the height axis.

Y-code is an encrypted form of the information contained
in the P-code. Satellites transmit Y-code in place of
P-code when Anti-Spoofing isin effect.

The delay, caused by the troposphere, of a GPS signal
observed from a satellite directly overhead. As a satellite
approaches the horizon, the signal path through the
troposphere becomes longer and the delay increases.
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Numerics

1D, 2D, or 3D 59
2D (NE or LL) and Height (h) 32
2D and 3D covariant terms 17

A

aposteriori errors 109, 110, 161
apriori errors 144
sample 145
accuracy and precision 133
Adjusted Coordinates section, Network
Adjustment report 108
adjusted geodetic coordinates 110
samplereport 111
Adjusted Geodetic Coordinates section,
Network Adjustment report 110
adjusted grid coordinates 109
sample report 109
Adjusted Grid Coordinates section, Network
Adjustment report 109
Adjusted Observations section, Network
Adjustment report 113
Adjusted Values 36
adjustment
Also see network adjustment 91
additional considerations 91
applying corrections based on
weighting 148
combining different types of
observations 83

convergence successful 40

datum 61, 63

failure, no convergence 40

iteration, performing 34

setting datum 16

successful, convergence 40, 75
Adjustment menu 5, 126
Adjustment Style Settings section, Network

Adjustment report 100

adjustment styles

estimating errors 134

reports 98

selecting and editing 17

setup errors 24

viewing settings 18
Alternative scalar 58, 159

default strategy 159

example 159

weighting strategy 45
alternative scaling

process 50
analyzing

error ellipses 120, 163

fully constrained adjustment 112

histograms 119
Apply Scalars To 48, 81

All Observations 47
applying scalars 159

with variance groups 159
azimuths, grid 6
azimuths, normal section forward 6
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B

baseline processor, WAVE 5
covariance matrix 144
baseline solutions, errors 166
baselines
components 144
network geometry 127
reobservation 128
blunders 157

C

calibration coordinates 59
removing 61
centering error 23,134
changing
project adjustment datum 16, 61
weighting strategy for geoid
observations 78
weighting strategy for GPS
observations 46
weighting strategy for terrestrial
observations 46
Chi-squaretest 102, 105, 158, 169
comparing
adjusted and known coordinates 72
standardized residuals 149
computing weight measurements 146
confidence level 17, 19, 20
Constant Linear Term 101
constraining
Also see fixing points
control points 30, 67, 73
coordinate components 110
elevations and ellipsoid heights 92
Control Coordinate Comparisons section,
Network Adjustment report 113
control points 25
constraining 30
constraining additional 73

constraining in project datum 67
fixing with fully constrained
adjustment 61
horizontal and vertical 67, 73
importing 84
releasing 77
secondary 25
values, Grid, Local, or WGS-84 32
verifying fixed 70
vertical 170
control quality 33
controlling error ellipse display 35
convergence
Also see adjustment
failure 40
coordinate components (2D or Height) 33
Coordinate Deltas section 112
coordinate page, in Properties window 33
coordinates
adjusted geodetic 110
adjusted grid 109
comparing adjusted and known 72
fixed vertical 62
GPS sitecdibration 59
homogenization 14
saving calibration 59
verified by fixing control points 70
coordinates, seeded 14
corrections. See residual
Covariance Display tab 17, 20
covariance matrix 144
covariant terms 17
setting in Covariance Display tab 20
Covariant Terms section, Network
Adjustment report 121
critical tau 114, 119
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Index

D E
data Edit Transformation Group dialog 68
Also see geoid observations editing
Also see GPS observations adjustment styles 17
Also see level observations covariance display settings 20
Also see terrestrial observations general settings 19
collecting multiple observations 28
for postprocessed GPS 5 setup errors settings 24
RTK GPS QC2 records 6 EGM96 92
geoid observations 5, 7 elevations (€), constraining 92
importing 84 Ellipse Controls
postprocessed GPS 5 toolbar 35, 36
RTK GPS 6 ellipse controls 35
with QC2 records 5 ellipsoid heights 62
types of observations 25 constraining 92
types supported 5 error ellipses
datum analyzing graphics 163
project 16, 61 bivariate scalar for 19
setting for adjustment 16 error estimates 36
setting for fully constrained error in height of antenna 22
adjustment 63 errors
transformation analogy 170 Also see a priori and a posteriori
WGS-84 16, 168, 170 aposteriori 122
default scalar 46 apriori 144
defining transformation baseline components 144
deflection 172 blunders 129
rotation 171 centering 134
scae 172 comparing standardized
deflection, for transformation 170 residuals 151
degrees of freedom 105, 143, 154 elevation 110
global 107 estimating 21
delta elevations, terrestrial data 6 height measurement 134, 135
Digital Level files 89 histogram for estimated 151
disabling observations 54 in centering an antenna 22
using Multiple edit command 55 in height of antenna 22
using Observations dialog 54 in height of instrument 22
dx, dy, and dz 150 in terrestrial centering 22

measurement example 131
minimizing 128
mistakes 129
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northing, easting 109
random 131
relative for point pairs 121
scaling estimated 158
setup 134
analogy 135
standard 142, 144
systematic 129, 130
types 129
estimating
aposteriori errors 122
centering errors 22, 134
height measurement errors 22, 135
setup errors 17
estimating errors 21
evaluating
Also see Network Adjustment report
fully constrained adjustment 112
statistics 75
minimally constrained adjustment
statistics 41
the adjustment 151

F

FastStatic observations 146
files
ASCII control quality 31
Digital Level 89
filter observations 52
final convergence cutoff 40
final convergence cutoff tolerance 101
Fix group 32
fixed
columnin Pointsdialog 31, 71
valuesin reports 110
fixing
Al'so see control point
apoint (fully constrained
adjustment) 71

control pointsin project datum 67
elevations 65
points 31
free adjustment 30, 31, 34, 167
FTPsite xiii
fully constrained adjustment 167, 169
continuing readjustment 82
datum 63
failure 72
methodsto use 72
starting 61
troubleshooting 75, 76, 77
when to start 56
workflow for 63, 64

G

General tab 17
General tab, adjustment styles 18, 19
geodetic coordinates 110
geoid 52
geoid model reference factor 81
geoid models 7, 92
geoid observation scalar 81
geoid observations 7, 52
changing weighting strategy 78
including in an adjustment 88
loading 61, 65
locking the scalar 82
vertically constrained adjustment 88
Geoid tab
Weighting Strategiesdialog 80
Geoid tab, Observations dialog 52, 66
geoid transformation parameters 68
GPS observations
individual statistics 106
minimally constrained adjustment 85
redundancy number 106
reference factor 106
GPS site cdlibration 59, 67
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GPStab, Observations dialog 52

GPS transformation parameters 68

grid azimuths, terrestrial data 6

grid coordinates, and WGS-84 datum 16

H

Height (h) 32
Height Constant, in geoid transformation 92
height measurement error 135
Help, accessing xiii
histograms
analyzing 119
sample normal distribution 141
standardized residuals and tau
criterion 151
types of plots 119
Histograms of Standardized Residuals
section, Network Adjustment report 118
horizontal angles, terrestrial data 6
horizontal control points 67, 170

importing
control points 84
data 84
level observations 89
inner constraints 30, 31
iteration
fully constrained adjustment 72
maximum 18
performing 34
status bar information 34

K

kinematic observations 146

L
|east-squares
adjustments, purpose of 126
criterion 126
residuals 138
statistics 137

statistics, mean 137
level observations
adjusting 89
importing 89
minimally constrained adjustment 90
viewing 90
loading, geoid observations 61, 65
local coordinates and WGS-84 datum 16
locking, scalar for geoid observations 82

M

maximum iterations 18
mean 137, 142
mean distance 138
measurements
variance 146
variance groups 165
weighted 146
menu
Adjustment 5
Network Adjustment Report 97
Reports 97
minimally constrained adjustment 31
analyzing results 102
continuing readjustment 56
evaluating statistics 41
free adjustment 31, 167, 168
process flow 57
starting 34
troubleshooting 40
mistakes 129
note-keeping 129
Multiple Edit command 28, 55
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N

network 121
adding redundancy 155
covariant terms 121
good design principles 127
good geometry 127, 128
reference factor (RF) 102
variance groups 165
weighted measurements 146
network adjustment
Also see fully constrained adjustment
Also see minimally constrained
adjustment
free 168
minimally constrained or free 167
performing 9
procedures 12, 167
removing 93
results. See Network Adjustment
report
whentouse 9
workflow for 12
workflow for fully constrained 64
workflow for minimally
constrained 13
Network Adjustment module,
functionality 2,3
Network Adjustment report 96
customizing 97
how to use 97
project properties 99
selecting outliersfrom 98
viewing 97
what it contains 96
what to useit for 96
Network Adjustment report, sections
Adjusted Coodinates 108
Adjusted Geodetic Coordinates 110
Adjusted Grid Coordinates 109
Adjusted Observations 113

Adjustment Style Settings 100
Control Coordinate Comparisons 113
Coordinate Deltas 112
Covariant Terms 121
Histograms of Standardized
Residuals 118
Point Error Ellipses 120
Project Details 99
Statistical Summary 102
Network Adjustment Stylesdialog 17
Covariance Display tab 20
General tab 19
Set-up Errorstab 24
Terrestrial Controlstab 21
Network Adjustment User Guide
about this manual xi
network reference factor 105
applying globally 159
network, sampleview 11
networked points 128
Next Scalar column, Weighting Strategies
dialog 48
NGS Datasheet 31
non-homogeneous data warning 14
non-networked points 128
normal distribution 144
in histogram 119
normal section forward azimuths, terrestrial
data 6
number of iterations 105

O

observations 52
Also see geoid observations
Also see GPS observations
Also see level observations
Also see terrestrial observations
adjusted 37
degrees of freedom 154
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disabling 54
editing multiple 28
ellipsoid heights 62
exclude from adjustment 53
FastStatic 146
filter 52
geoid 78
included automatically for
adjustment 25, 26
independent 154, 155
kinematic 146
properties 55
quality of 161
selecting and unselecting 25, 26, 27
terrestrial 6
Observations dialog 52
Geoid tab 66
GPStab 52
selecting and unselecting 29
observations, combining different typesin an
adjustment 83
online help. See Help, accessing
opening Summary pagein Properties
window 27,55
outliers 113, 153, 157, 168
selecting from Network Adjustment
report 98
viewing and excluding 51

P

plots, normal distribution 141
Point Error Ellipses section, Network
Adjustment report 120

point pairs 121

points
Al'so see control points
adjusted values for 36
constrained 30, 110
control quality 33

display after adjustment 35

error ellipses 35

error estimates for 36

fixing 71

horizontal control 170

network design 127

networked 128

non-networked 128

pairs 121
Pointsdialog 31, 32, 71
postadjustment errors. See a posteriori errors
postprocessed GPS data. See data
precision

3D 122

and accuracy 133

and reliability 146

horizontal 122
precision, setting in adjustment style 17
processing baselines 5
project datum 16, 63

changing 61

constraining control points 67
Project Details section, Network Adjustment

report 99

project properties 15

shown in report 99
project, observation ID record 106
Propagated Linear Error value 101
Propertieswindow 27, 36

coordinate page 33

disabling observations 54

level observations 90

observations, Summary page 55

opening Summary page 27, 55

selecting observations 27

viewing observations 37

Q

QC2records 6
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R

random errors 131
examples 131
reader comment form 7
readjustment 56
recomputation 14, 35, 37, 51, 54
Reduce column profile 18, 30
redundancy 127
adding to network 155
redundancy number 106, 107
reference factor (RF) 82, 106, 156, 159, 169
example 156
reference factor, geoid 82
removing
calibration coordinates 61
network adjustment 93
reports
Also see Network Adjustment report
adjustment styles 98
contents of Network Adjustment
report 38
creating final 83
fixed component values 110
viewing fully constrained
adjustment 74
when and how to use 97
Reports menu 97
Residual Tolerance 18, 35
residuals 138, 147, 156
example 139
standardized 149
sum of the squares 140, 142
Restrict Covariant Terms to Observed
Lines 18
results
of setting coordinate system and
units 15
Statistical Summary section 102
rotation, for transformation 170
RTK GPS data. See data

S

Save Calibration Coordinates dialog 60
saving calibration coordinates 59
existing points 60
new points with suffix GPS 60
scalar 157, 159
alternative 58, 159
default 46
default, applying 159
locking for geoid observations 82
process for applying aternative 50
type and method of applying 47
univariate (1D) and bivariate (2D) 19
Weighting Strategiesdialog 58
Scalar on Linear Error 20, 101
Scalar Type 48, 81
scalars and tolerances 17
scale, for transformation 170
scaling estimated errors 158
secondary control points 25
seeded coordinates 14
sel ecting and unselecting, observations for
adjustment 26, 27
selection set, for combined adjustments 84
Selection window 27
setting
confidence levels 17, 20
project coordinate system 15
project units 15
setup errors 23, 134, 162
analogy 135
estimating in adjustment styles 17
guidelines for estimating 23
viewing settings for 22
Set-up Errorstab 22,24
sigmascalar 18, 109, 110
sigma scalar, in the General tab 19
dope distances, terrestrial data 6
standard error 142, 144
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computing weights for
measurement 146
formula 142
normal distribution 144
small and large 147
standard error of unit weight. See reference
factor (RF)
standardized residuals 149
histogram 119, 151
producing 150
starting
the fully constrained adjustment 56
the minimally constrained
adjustment 34
Statistical Summary section, Network
Adjustment report 102
GPS observation or geoid model
statistics 106
Individual GPS Observation
Statistics 103
Variance Groups 104
statistics
Also see Statistical Summary section,
Network Adjustment report
Chi-square test 158
fully constrained adjustment 75
least-squares 137
minimally constrained adjustment 41
normal distribution 141
reference factor 156
residual 138
standard error 142
status bar 34
fully constrained adjustment 72
Std Res (Max) 51, 53
Student distribution 153
subnetworks 123
successful adjustment 40
sum of the square of the residuals 142
sum of the weighted squares 147
Summary page, Properties window
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opening 27, 55
Survey view, sample network 11
surveying

session 155

techniques 128, 146
systematic errors 130

T

tau criterion 151, 153
terrestrial controls 21
Terrestrial Controlstab 17
terrestrial observations 6
azimuths 6

minimally constrained adjustment 86

redundancy number 106
reference factor 106
slope distances 6
tying into the network 84
to end iterations 40
To End Iterations value 101
transformation
analogy 170
defining
deflection 172
rotation 171
scae 172
parameters
geoid 68
transformation parameters 25, 68
Trimble Geomatics Office software
document workflow 4
troubleshooting
actions for fully constrained
adjustment 77

actions for minimally constrained

adjustment 45

fully constrained adjustment 74, 75,

76

225



Index

minimally constrained
adjustment 40, 42, 57

U
units, setting in project properties 15

Vv

Variance Group Statistics 106
variance groups 159, 165
conventional surveying, example 165
example for conventional
surveying 165
GPS surveying, example 166
variance, for measurements 146
vertical angles, terrestrial data 6
vertical control points 67, 170
viewing
adjustment style settings 18
covariance display settings 20
Fully Constrained Adjustment
report 74
General tab settings 18
level observations 90
Minimally Constrained Adjustment
report 38
Network Adjustment report 97
outliers 51
Setup error settings 22
terrestrial controls 21

w

Warning page, Propertieswindow 27
warning, non-homogenous data 14
WAV E baseline processor 5
weighted measurements 146, 147
applying corrections 148

example 147
weighting strategies
changing 46
geoid observation scalar 47
geoid observation strategy 78
locking scalar for
GPS observations 58
Weighting Strategies didog 46, 79
Geoid tab 80
GPStab 48, 58
weighting strategies scalar 58
weighting strategies, Network Adjustment
report 107
WGS-84 datum 16, 168, 170
world wide web site xi
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Reader Comment Form

Trimble Geomatics Office — Network Adjustment User Guide
January 2001 39933-10-ENG Revision A

We appreciate your comments and suggestions for improving this publication.

| use the following Trimble product
for

Please circle aresponse for each of the statements below:

1=Strongly Agree 2= Agree 3 = Neutral 4=Disagree 5= Strongly Disagree
The manual iswell organized.

| can find the information | want.
Theinformation in the manual is accurate.

| can easily understand the instructions.

The manual contains enough examples.

The examples are appropriate and helpful.

The layout and format are attractive and useful.
Theillustrations are clear and helpful. 2 3 4 5
The manudl is: toolong justright too short
Please answer the following questions:

Which sections do you use the most?
What do you like best about the manual ?
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What do you like least about the manual ?

Optional
Name
Company
Address

Telephone Fax

Please mail to the local office listed on the back cover or to Trimble Navigation Limited, Land
Survey Division, 645 North Mary Avenue, Post Office Box 3642, Sunnyvale, CA 94088-3642.
Alternatively, email your comments and suggestions to ReaderFeedback@trimble.com. All
comments and suggestions become the property of Trimble Navigation Limited.
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