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Welcome to COLUMBUS

What is COLUMBUS?

COLUMBUS is a one-, two- and three-dimensional network adjustment, network pre-analysis and
coordinate transformation software package which allows you to create, edit, solve and analyze, Vertical,
Geodetic, State Plane, UTM, Custom Projection and Local NEE (north, east, elevation) surveys anywhere
in the world. COLUMBUS accepts terrestrial and/or GPS (satellite) observations to define networks.

To report coordinate results in different form, COLUMBUS provides a powerful set of coordinate
transformation tools to generate Geodetic, State Plane, UTM, Custom Projection, Earth Centered Earth
Fixed Cartesian, or Local North, East and Elevation (NEE or NEU) positions. To transform geodetic
positions from one datum to another, COLUMBUS provides rigorous three-, four- and seven-parameter
least squares datum transformation capability. COLUMBUS also includes an assortment of Geodetic, State
Plane, UTM, and Local NEE coordinate geometry (COGO) routines for ad-hoc computations, network loop
closures and open-ended traverses.

COLUMBUS also adjusts networks using PLSS cadastral records. This feature allows the generation of
accurate geographic, State Plane, UTM or Local NE positions from surveys which have already been
completed. Cadastral networks can be adjusted in 2D space at a fixed height. This feature is very useful
for building GIS databases where the best possible 2D coordinate positions are required.

Background

Until the advent of the PC, the adjustment of geodetic surveys could only be facilitated by large mainframe
computers. Field observations were entered into rigid data files, pre-processed, then submitted to a host
computer. If all data were properly entered, a solution could be computed. For small- to medium-sized
firms, the costs were prohibitive, and so geodetic theory was not put into practice.

As an alternative, projected math models (State Plane, UTM, Local NEE, etc.) were developed which
greatly simplified computations. However, these models only approximate the Earth's true shape and using
them introduces distortion. Their widespread use was justified (in the past), because the data collected in
the field were no more accurate than the chosen projection mathematical model.

Today, angles, distances and GPS vectors can be measured with greater accuracy than ever before. With
full implementation of the GPS constellation and integration with GLONAS and the Galileo, coordinate
projection models no longer provide a level of accuracy commensurate with the quality of the observations
obtained in the field. Geodetic mathematical models should be used to obtain the highest quality results
possible (especially on medium to large projects).

Geodetic theory has been in use for many years by the National Geodetic Survey (NGS) to define
horizontal and vertical control across the United States (USA). With geodetic mathematics, field
observations are adjusted in 3D geodetic space. Since no distortions are introduced, the results are
superior to other methods.

Who needs geodetic capability? Anyone who demands the highest possible level of numerical accuracy.
COLUMBUS delivers the power of geodetic theory into every personal computer.
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Upgrades

As the science of geodesy, applications of land surveying and field practices continue to improve,
COLUMBUS advances with them. COLUMBUS is continually enhanced to meet the needs of these
evolving disciplines. Upgrades are provided to registered users at a nominal cost. This exemplifies our
commitment to our product and our users.

COLUMBUS is compatible with several types of GPS satellite receiver baseline output. If you own or have
access to receivers that are not supported by COLUMBUS, please contact us. We will be happy to work
with you and the receiver manufacturer to configure COLUMBUS to meet your needs.

Technical Support

COLUMBUS service does not end once the product is in the hands of the surveyors and engineers who
will apply it. We provide technical support throughout the life of the product to all registered users. We
invite any question, specific or general in nature. If we cannot answer the question over the phone (or
email), we will follow up with whatever is required to meet your needs. In addition, we appreciate your
comments and suggestions about COLUMBUS.

You may contact Best-Fit Computing at the following in Beaverton, Oregon USA:
Email support@bestfit.com

Fax (503) 214-5406
Phone (503) 531-8819
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Getting Started

To assist you in learning the basics of COLUMBUS, we have provided 16 ASCII (Text *.TXT) data files and
their report output (*.TXT). For a brief tutorial of one of these files, please refer to APPENDIX C. We have
also included a sample geodetic network in the ASCII (Text) file BIGBASIN.TXT. We refer to data in this
file throughout the manual. For more information, see the EXAMPLE NETWORK section of this
chapter.

Before continuing, please check the COLUMBUS package to ensure that the following have been
received:

1. Installation CD, which contains the complete program and demo files, GEOID03, GEOID99 and
DEFLEC99 grids, the EGM96 geoid grid, and the User Manual (in Adobe Acrobat PDF format).

Note: You will need the Adobe Acrobat Reader to view the User Manual. It is available at no charge
from Adobe's Web site at http://www.adobe.com

2. Software Activation Instructions.

If these items are not present, contact Best-Fit Computing immediately.
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System Requirements

The system requirements for COLUMBUS are listed below.

PC or 100% compatible Microsoft Windows XP or Newer Operating System
Mouse recommended

COLUMBUS allocates memory dynamically. The network size which can be solved will depend upon the
amount of available disk and memory resources on your computer.
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Installing COLUMBUS

COLUMBUS can be installed and operated on any PC running the Windows Windows XP or Newer
operating system.

To install COLUMBUS, insert the CD into the CD ROM drive. From the Start menu, select Run, type the CD
ROM drive letter, followed by setup.exe (for example, f:\setup.exe) and click OK. Alternatively, from the
Start menu, select Programs and then Windows Explorer. Select the CD ROM drive and double-click on
setup.exe. Follow the instructions of the installation program.

We have provided 16 ASCII (Text) data files which demonstrate a few different network adjustment
scenarios within COLUMBUS. Below is a brief description of each file:

Below is a description of each file:

BEAR2D.TXT This project file contains a small 2D geodetic network (one half of a PLSS
section from a township) consisting of recorded mean bearing and horizontal
distance survey data.

BIGBASIN.TXT This project file contains a network consisting of 17 stations (four of which are
3D control stations) and 126 GPS and terrestrial observations. This sample is
also used for demonstrating the Solve All Combinations logic described at the
end of this document.

BIGBASIN_NET.TXT This project file has the same stations and observations as BIGBASIN.TXT. It
also contains all the applicable Option Settings and fixed station settings.
Review the BIGBASIN.RPT file for this project.

GEO.TXT This project file contains a small 3D geodetic network consisting of geodetic
stations and terrestrial observations. This project contains the same data as the
GEO_TRAV.TXT project.

GEO_TRAV.TXT This project file demonstrates 2D and 3D geodetic traversing. This project
contains the same data as the GEO.TXT project.

GPSONLY.TXT This project file contains a small 3D geodetic network consisting of geodetic
stations and GPS observations.

MIXED.TXT This project file contains a small 3D geodetic network consisting of geodetic
stations, and a mix of GPS and terrestrial observations.

NEE.TXT This project file contains a small 3D Local Horizon Plane NEE network, which
can be adjusted using the local NEE adjustment engine.

NEE_TRAV.TXT This project file demonstrates 2D and 3D Local Horizon Plane NEE traversing. It
does not contain the same data as NEE.TXT.

STATEPLANE.TXT This project file contains a small 3D State Plane network consisting of State
Plane stations and terrestrial observations. This project contains the same data
as the STATEPLANE_TRAV.TXT project.
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STATEPLANE_TRAV.TXT This project file demonstrates 2D and 3D State Plane traversing. This project
contains the same data as the STATEPLANE.TXT project.

TERRONLY.TXT This project file contains a small 3D geodetic network consisting of geodetic
stations and terrestrial observations. This network can also be adjusted in 2D at
an average project height.

TRIGLEVEL.TXT This project file contains a sample data set (with instructions) for processing Trig
Levelling data. There is no report file for this project.

UTM.TXT This project file contains a small 3D UTM network consisting of UTM stations
and terrestrial observations. This project contains the same data as the
UTM_TRAV.TXT project.

UTM_TRAV.TXT This project file demonstrates 2D and 3D UTM traversing. This project contains
the same data as the UTM.TXT project.

VERTICAL.TXT This project file contains a small 1D vertical network consisting of height stations
and height difference (levelling) observations.

For each project file, we have included a report (*_RPT.TXT) file. Before exploring each sample file, you
may find it helpful to review the corresponding report file.

Before loading each sample file into COLUMBUS, take a moment to examine its contents for
instructions on how to process the data contained in the file.
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Your Access Code

When you install COLUMBUS and run the program for the first time, you will be prompted for an access
code. Your access code is a function of the Serial Number shown in the prompt dialog. Write down the
serial number and contact Best-Fit Computing to obtain your access code.

COLUMBUS =G E3|
File view Data k suls Tools Ot ndow  Help

MEERE o EBE®S A< >|] 2 .08 8|k

Access Code Verification

an Access Code.
is 3401-2090-2747-1467

BESI-FIT

E COMPUTING
Dedicated to simplifying geodesy

For Help, press F1 |30 Geodetic Yiew

|MO0-00-00.0  [w 000-00-00.0 [Elip Hot WS 84 |Degrees [Meters

The access code is machine-specific. Once you have entered the correct access code, you will be able to
run COLUMBUS in full-feature mode (you will be able to load and append files). Without the access code,
all data must be loaded through the DATA input screens. Save your access code number for your records.

To complete the Access Code verification, you may need Administrator rights on your computer.
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How COLUMBUS is Organized

COLUMBUS is organized around nine functional areas. Following are brief descriptions of each function.

FILE

The File menu provides file management tools for creating a new project, opening data into a new
project (Figure 1 below), appending data to an open existing project, saving the current project,
extracting data from third-party data files, and print/print preview of the current project and network
adjustment/pre-analysis results.

Figure 1: MIXED.TXT Network View

- COLUMBUS - MIXED. TXT

File Wiew Data Metwork Resuts Tools Options “Window Help

NeH@gca? Fe HHEER|oc B @SARms|< >] 272 v 8K

For Help, press F1 |30 Geodetic iew M 39-30-07.3 |w 89-18-25.9 [ElipHgt [NAD 83 |Degrees [Meters

VIEW

The View menu allows you to change the view context of the active project. For example, you can view
a network in one of the following contexts: 1D Vertical, 2D Geodetic, 3D Geodetic, Cartesian XYZ,
State Plane (2D), State Plane (3D), UTM (2D), UTM (3D), Local NE (2D), or Local NEE (3D). The
available context options are dependent on the type of data in the project.

The majority of computations within COLUMBUS are dependent on the active project view.

From this menu, you can also set up or clear a route (sequence of stations), resize network entities
(station names, station symbols, and error ellipses), zoom in or out on a defined area of the active
project, display/hide stations, the toolbar and the status bar.

DATA

The Data menu facilitates the entry or editing of data (stations, observations and datums) for the
current project. A complete project can be entered here using our advanced spreadsheet like data
entry grids.
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From this menu, stations and observations can be deleted or observations can also be temporarily
disabled to exclude them from Network Adjustment/Pre-Analysis and COGO processing.

NETWORK

COLUMBUS adjusts networks using the method of Indirect Observations (also known as the Unified
Approach.) This is the most common method in use today. Much of the adjustment theory built into
COLUMBUS has been adopted from papers published by the National Geodetic Survey in the U.S.A.
Overall, the theory used within COLUMBUS has been taken and combined from several leading
independent sources. We provide a complete list of references to these sources within the Appendix D
and on our Web site (http://www.bestfit.com) from the Theoretical Foundation link.

The Network menu provides all the tools required to adjust one-, two- and three-dimensional vertical,
geodetic, State Plane, UTM, Custom Projection and local NEE networks. The type of network
adjustment to be performed is dependent on the current project view. For example, if the current view
is 2D geodetic, then a 2D geodetic adjustment can be performed. Likewise, to perform a 3D geodetic
adjustment, the 3D geodetic view must be active.

You can also perform network pre-analysis on 2D and 3D geodetic, State Plane, UTM and Local NEE
surveys. Network pre-analysis (commonly called design) enables you to design your survey before
going into the field. Simply provide COLUMBUS with the approximate locations of your planned survey
points (scaling from a map is usually adequate), the observation types you expect to measure, and the
expected precision for each observation, expressed as a standard deviation or covariance matrix (for
GPS baselines). COLUMBUS can then compute the statistical level of precision you can expect to
achieve, based on your design. If your design is not adequate for the future adjusted precision desired,
make changes and analyze your design again. Network pre-analysis can save valuable time in the
field by allowing you to optimize your network geometry, and the types and frequency of the
observations which you need to measure. Please visit our Web site for more help on setting up a
Network Design under the applicable Quick Tips topic.

RESULTS

The Results menu allows you to view the network adjustment results. Several views can be displayed
simultaneously, including an adjusted view of the network - complete with resizable error ellipses and
height error bars. For each view, you can use the Print and Print Preview manager to further
examine each report as hard copy or onscreen. The results from each view can also be written to a
report file (see report toolbar icon) and to an Excel CSV comma delimited file (just data, no formatting.)

TOOLS

The Tools menu provides powerful tools for transforming geodetic coordinates to several other
coordinate systems, performing COGO computations and much more. Tools menu options can be
used alone or in combination with the Network menu options.

Most of the options within the Tools module are context-sensitive to the main project graphical
view or network adjustment graphical view. Look to the title bar for each Tool option to determine
the context. For example, if the network adjustment graphical view is active, applicable Tool options
are based on the adjusted coordinates. If the main project graphical view is active, applicable Tool
options are based on the data for each station, i.e., data that are in the project.

The Transformation option is one of the most powerful features of this module, giving you the ability to
transform geodetic coordinates based on one datum (NAD 83, WGS 84, etc.), to geodetic coordinates
based on a second datum (NAD 27, Bessel, etc.). Also, you can transform geodetic coordinates to and
from ECEF Cartesian, State Plane (several projection methods supported), UTM and Local NEU.
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Resulting coordinates can quickly be exported to other software systems.

The COGO (coordinate geometry) option provides tools for vertical, State Plane, UTM, Local NEE and
geodetic coordinate geometry computations.

The remaining Tools menu options allow you to compute areas, scale projected coordinates, model
geoidal heights and deflections of the vertical, create NGS NADCON input files, and export data to a
DXF or user-defined data file.

OPTIONS
The Options menu allows you to change the run-time parameters within COLUMBUS.

WINDOW

The Window menu allows you to arrange your work area, following the standard Microsoft Windows
conventions. You can Cascade or Tile your open COLUMBUS projects and views. Using the Arrange
Icons command, you can arrange your iconified project icons. Finally, a list of the open COLUMBUS
projects, with the active project checked, is provided.

HELP

The Help menu provides access to the Index to COLUMBUS’ extensive Help system. Information is
also provided about using Help and about your current version of COLUMBUS.

NOTE ABOUT REPORT VIEWS

Most numerical results are presented in list report form. These reports contain multiple resizable
columns that can be customized by you to only show the columns you want. Changes made to any
column alignments are automatically saved for future COLUMBUS sessions.

Each column in a list report can be sorted (ascending and descending) by clicking on the column
header. The order of the printable report will match the current sorted column on screen.

Each and every report can also be written to a comma-delimited (Microsoft Excel CSV compatible) file
format. These files contain the actual results without all the normal formatting. In this way, your data
can be easily loaded into Excel for further manipulation. Because the Excel CSV file is a simple
comma-delimited file, you can also import these files directly into other software packages for
further processing, drawing, etc.

To activate the generation of CSV files, select Report Headings command from the Options menu
and enable the Create comma-delimited text report... check box. When you send the results of any
list report to a report file, a corresponding Excel CSV file will also be created with the extension *.csv
(using the same report file name and in the same folder.)
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Project Data Model

COLUMBUS is a completely integrated system. From within one program, several types of computations
can be performed. Users of COLUMBUS find that many of the tasks which previously required separate
programs can be solved within the COLUMBUS environment. Unlike other network adjustment programs,
COLUMBUS opens all station and observation data into a project for manipulation and computation. The
data are available until you close the project.

One of the most powerful features of COLUMBUS is its built-in data sharing. Once data have been entered
within the Data module or opened within the File module, they are available for computations in any of the
applicable numerical modules. If a network has been recently opened, the data can be used to quickly
perform inverses or loop closures. Station data can be easily transformed from one coordinate system to
another.

Figure 2: COLUMBUS Data Hierarchy
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Project usage in COLUMBUS is similar to the process of making changes to a file using a text editor. Once
data have been opened into a project, they can be modified, appended or deleted without affecting the
original data on disk. Within COLUMBUS, data in a project are saved to disk only when you select from the
File menu either the Save or Save As options, or select from the Network menu the Save Network option.
Like having several versions of a project with minor modifications in each, you can have several versions
of the same data in separate disk files. This is accomplished by continually saving data in your project to
separate disk files (or the same file if preferred) following each alteration.

Not only can different modules gain access to your data, each numerical module has the ability to Keep

Copyright 1998-2009 Best-Fit Computing, Inc.



new data into the active project from current computations. For example, you perform a geodetic network
adjustment, but need to report the adjusted geodetic positions in State Plane (projected) form. Once the
adjustment is completed, you can Keep the adjusted geodetic coordinates into the active project using the
RESULTS - KEEP command or toolbar button, giving other modules access to the adjusted coordinates.
You can then move to the Tools module and select STATE PLANE <--> GEODETIC to transform the
adjusted geodetic coordinates to State Plane coordinates.

Note: Another way to accomplish this is to perform the network adjustment, then open the Adjusted
Network view. From the Tools menu, select the Geodetic to State Plane transformation. Since the Adjusted
Network view is active, the transformation computations will be based on the adjusted geodetic
coordinates.

The advantage of this system is the elimination of re-entering computed coordinates. This minimizes the
possibility of data entry errors and saves valuable time. This feature also removes the needless
construction of multiple intermediate data files which tend to clutter your disk directories. With
COLUMBUS, each project can conceivably be stored in one data file or across several data files.
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ASCII (Text) Files

COLUMBUS supports two file formats for data files. Each format can be used independently or combined
together in the same file.

The expanded format usually spans more than one line of file text for each input record. This format is
used in this document to prevent data files from wrapping on the page. This format is being phased out.

The compact format allows you to define an entire input record on one line of text. Data fields are
separated by the semicolon character (’;’). All demo data files (with *.txt extension) are in this format.

COLUMBUS also supports the concept of an include file list. From within each file, you can include other
files. These included files are automatically loaded by COLUMBUS. If your project is made up of dozens of
input files, you can create one master input file (e.g., master.txt), which then includes all the project files.
See Appendix A for details on using the $INCLUDE_FILE keyword.

For any project, you can either create your data set within an ASCII (Text) data file (using an external text
editor, e.g., Notepad) or within COLUMBUS, by using the powerful spreadsheet style data entry grids.

The ASCII (Text) file has four main types of data: Datums, Units, Stations and Observations. Each type can
be repeated in the file as often as you like.

Stations can either be explicitly or implicitly defined within the file. To explicitly define each station you must
provide its coordinates. To implicitly define each station, simply add this record type to the top of the file:

$STATION_TYPE_FOR_OBS
3D_GEO (or 1D_VERT, 2D_GEO, 3D_ECEF, 2D_STATE, 2D_UTM, 2D_NE, 2D_NEU)

When the file is opened, the applicable station type will be automatically created (with coordinates of zero)
when an observation is read, which reference the station.

When creating the ASCII (Text) file, most types of data are optional. If the Datum data is not included, the
opened data is linked to the active datum. If the Units data is not defined, all linear values are assumed to
be in the active linear units. All applicable angular values are assumed to be in the active angular units.

Please see APPENDIX A to review several example ASCII (Text) data files.
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Datums

A geodetic datum is a mathematical model designed to best fit part or all of the geoid (Earth’s surface at
mean sea level). It is defined by a reference ellipsoid and the relationship between the reference ellipsoid
and a point on the topographic surface established as the origin of datum. This relationship can be defined
by six quantities, generally (but not necessarily):

The geodetic latitude, longitude and height of the origin,
the two components of the deflection of the vertical at the origin,
And the geodetic azimuth of a line from the origin to some other point.

The World Geodetic System 84 (WGS 84) datum gives positions on a specified ellipsoid with respect to the
center of mass of the Earth.

In this manual when we refer to the datum, we are referring to the parameters of the reference ellipsoid.
These parameters are the semi-major and semi-minor axes of the reference ellipsoid. Another way of
expressing the reference ellipsoid is with the semi-major axis and the flattening. Some of the datums used
throughout the world are listed below. The semi-major and semi-minor axes are expressed in meters and

7]

are often represented by the lower case letters “@” and “b,” respectively. The ratio 1/f (f = flattening

coefficient) can be computed from “a” and “b” using the equation:

1 _ a

f a-b
ELLIPSOID SEMI-MAJOR AXIS (a) SEMI-MINOR AXIS (b) 1/f
Airy 6,377,563.396 6,356,256.910 299.32496
Australian N. 6,378,160.0 6,356,774.7192 298.25
ATS 77 6,378,135.0 6,356,750.305 298.257
Bessel 6,377,397.155 6,356,078.9629 299.1528128
Clark 1866 6,378,206.4 6,356,583.8 294.9786982
Clark 1880 6,378,249.145 6,356,514.8696 293.465
Everest 6,377,276.34518 6,356,075.41511 300.8017
GRS 80 6,378,137.0 6,356,752.3141 298.257222101
Hayford 6,378,388.0 6,356,911.9462 297
International 6,378,388.0 6,356,911.9462 297
Modified Airy 6,377,340.189 6,356,034.446 299.325
Modified Everest 6,377,304.063 6,356,103.039 300.8017
NAD 27 6,378,206.4 6,356,583.8 294.9786982
NAD 83 6,378,137.0 6,356,752.3141 298.257222101
WGS 72 6,378,135.0 6,356,750.5 298.26
WGS 84 6,378,137.0 6,356,752.3142 298.257223563

COLUMBUS is shipped with several pre-set datums (a few of the internally supported datums are shown
above). You can delete or add new datums to COLUMBUS within the DATA - DATUMS dialog box. Note:
Some datums have identical or nearly identical parameters.
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Coordinate Systems

Several coordinate systems are used in the practice of surveying. Different systems have been developed
over the years to facilitate differing needs. Prior to the computer, many surveys were computed on simple
Local NEE or Local XYZ coordinate systems. These systems make computations easier, but also
introduce distortions, since the Earth’s surface is not flat. As an alternative, projected coordinate systems
were developed to more accurately model the Earth's true shape within a limited region. While these
systems have limitations, they are superior to Local NEE or Local XYZ coordinate systems.

With the advent of differential GPS, many surveyors switched to geodesy to accurately analize their survey
data. The science of geodesy has been available for several hundred years. However, the mathematics
are considerably more complex than simple Local NEE or Local XYZ computations, and so geodesy has
not been widely used. Today, geodesy can be easily applied through the use of PC-based software
systems.

Before we begin discussing some of the commonly used coordinate systems, it may be helpful to define
Precision and Accuracy. These terms are commonly interchanged, but have very different meanings.

PRECISION: The degree of closeness or conformity of repeated measurements of the same quantity to
each other. They may or may not reflect the true value.

ACCURACY: The degree of conformity or closeness of a measurement to the true value.

When we speak of accurate coordinates or observations, we are referring to the closeness of their
measured values to their true values. When we speak of the precision of coordinates or observations, we
are referring to the repeated measurement of the same value.

It is possible to measure a traverse, such as a loop, and compute a high-precision closure on a Local NEE
mathematical system. We may achieve an excellent closure and believe our survey is good. In fact, if we
were to measure the same traverse repeatedly, we would probably compute similar results each time. But,
is the survey accurate? That depends on the size of the loop. Most Local NEE systems are only accurate
within a limited area, due to the continuously changing convergency of the meridians and curvature of the
Earth's surface. In short, the survey may have high precision, but may not accurately define the true
position for each station along the traverse.

The geodetic model, on the other hand is geometrically exact. It fits the Earth's true shape better than
any other coordinate system. By selecting a datum which closely matches the size and shape of the
Earth's surface (for your country, region, etc.) and using the same field data, you can compute the position
for each station along the traverse with high precision and high accuracy. This is because geodesy looks at
the Earth as an ellipsoidal surface and not as a flat surface. Distances of almost any length can be used.
GPS vectors can be hundreds of kilometers apart. For this reason, the geodetic model is fast becoming the
preferred method for processing survey data.
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Geodetic Coordinates

The geodetic coordinate system is based on an ellipse rotated about its semi-minor axis, thus forming an
ellipsoid. The ellipsoid is designed to model the Earth's actual shape at mean sea level. The semi-minor
axis of the ellipsoid extends from the origin (center) of the ellipsoid north and south to the poles. The semi-
major axis extends from this origin to the equator. Every ellipsoid can be mathematically defined by the
semi-major and semi-minor axes. Any position on, above or below the ellipsoidal surface can be exactly
defined by its latitude, longitude and ellipsoidal height.

The Meridian Ellipse
N

SEMI-
MINOR | (b)
AXIS

Y SEMI-MAJOR AXIS
(@)

EQUATOR

The latitude is the angular distance along a meridian extending north or south from the equator. Northern
latitudes are positive, while southern latitudes are negative. The radius of the latitude is constantly
changing as we move north or south along a meridian. This complicates most geodetic computations. In
fact, early geodesists represented the Earth with a sphere instead of an ellipsoid. This made computations
more straight forward, since the radius is constant along any distance.

The longitude is the angular distance measured westward and eastward from the meridian extending
through Greenwich, England. Longitudes to the east of Greenwich (0 to 180) are positive. Longitudes to
the west (0 to -180) are negative. At any given parallel of latitude, the radius of the longitude is constant.

Finally, the ellipsoidal height is the vertical distance above or below the surface of the ellipsoid. Heights
above the ellipsoid are positive, while those below are negative.

Some ellipsoids are designed to fit the entire Earth (e.g., WGS 84, a global ellipsoid), while others are
designed to fit only a portion of the Earth's surface (e.g., Bessel, a local ellipsoid).
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Geocentric Coordinates
Geocentric coordinates are based on an Earth Centered Earth Fixed (ECEF) 3D cartesian coordinate

system. A geocentric coordinate system origin is relative to the center of mass of the Earth. Any point in
this system can be defined by an X, Y and Z coordinate.

Global Coordinate System
I\ Z

> Y

Differences between points are defined by delta X, Y and Z vector components. GPS observations are
based on the WGS 84 datum, which is a geocentric coordinate system. All geocentric coordinates can be
expressed in geodetic coordinates of latitude, longitude and ellipsoidal height, but not all geodetic
coordinates can be expressed as truly geocentric, since the reference ellipsoid may not have its origin at
the center of mass of the Earth.

A common practice is to measure GPS vectors on the WGS 84 geocentric system, but use them in
computations on a non-geocentric coordinate system, with the idea that a vector in space is still a vector,
no matter what space it is in. This concept is not entirely workable unless the vector can be rotated and
scaled to fit the secondary coordinate system (such as Bessel). The magnitude of any measured vector is
good in any coordinate system, but the orientation usually must be corrected. COLUMBUS can do this for
you automatically in the NETWORK module by first enabling GPS vector rotation and scaling in the
OPTIONS module.

Copyright 1998-2009 Best-Fit Computing, Inc.



Projected Coordinate Systems

Projected coordinate systems were first introduced hundreds of years ago in order to simplify high
precision survey mathematics and to project geodetic coordinates to a flat surface for mapping purposes.
Throughout the world, two common projection systems are used: the Lambert projection and the
Transverse Mercator projection.

Projected coordinates are usually expressed by a northing and easting component. False northing and
easting components are defined for each projection zone to force all north and east coordinates to be
positive. The mapping angle and scale factor at each point accompanies the north and east coordinate.
The mapping angle is the angular difference between north on the projected system (grid north) and true
north of the geodetic meridian at that point. The scale factor is the ratio of the distance along the projected
system to the ellipsoidal surface (at ellipsoidal height of zero which closely approximates mean sea level).
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Local NEE Coordinate Systems

The local horizon NEE (north, east and elevation) coordinate system is widely used in many parts of the
world. It is by far the easiest system on which to perform computations. The Local NEE coordinate system
should be used only over small areas if high accuracy is important, since the Earth is not flat. The local
NEE system allows for corrections due to curvature of the Earth's surface. COLUMBUS supports this type
of coordinate system in a network adjustment. These projects should only span a square kilometer or
less.

The traditional Local NEE system is created by placing a flat surface (plane) tangent or secant to the
ellipsoidal surface at some point of origin. As we move away from this point in any direction, we begin to
move away from the Earth's surface (i.e., above the Earth surface), which causes distortion. The Local
NEE system has been widely used, partly because software systems are abundant. In fact, many
surveyors have written a simplified program to compute coordinates on a Local NEE model.

Many people are confused by 3D network adjustment systems based on the Local NEE surface and 3D
geodetic network adjustment systems. The former system is greatly simplified. The latter system, upon
which COLUMBUS is based, is routinely used by geodesists to accurately determine locations on the
Earth's surface over small or large distances.

COLUMBUS allows you to adapt your current field gathering techniques to the geodetic model. With the
same field observations, you can achieve superior results for projects of any size than could ever be
obtained with Local NEE systems. However, if you still need coordinates based on these systems,
COLUMBUS gives you the tools to transform geodetic coordinates of latitude, longitude and ellipsoidal
height to Local NEE systems after a geodetic traverse or adjustment has been completed.

COLUMBUS supports network adjustments based on Local NE (north, east) and Local NEE (north, east,
elevation) over a small area. This option should only be used on small survey propjects spanning no more
than one square kilometer (as mentioned above). Although we have provided this logic, we highly
recommend that projects of any size be adjusted as either a 1D vertical, or 2D / 3D geodetic network. The
resulting coordinates can then be easily transformed to a Local NE or Local NEE system.
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Geoid Undulation

The geoid is the surface of the Earth at mean sea level. Unlike an ellipsoid which can be exactly defined at
any point, the geoid varies or undulates - sometimes above, sometimes below, mean sea level - from
location to location. All terrestrial observations are measured relative to the geoidal surface. Since the
geoid in not easy to mathematically model, geodesists use an ellipsoid to closely approximate the geoid for
different regions of the world. Some ellipsoids are global, meaning they model the entire Earth's surface
relatively well (e.g., WGS 84). Other ellipsoids are locally defined, meaning they fit select portions of the
Earth's surface relatively well (e.g., Bessel, in parts of Europe).

Geodesists can successfully use an ellipsoid to model the geoid by understanding the mathematical
relationship between the two systems at any given location. For geodetic surveys, these differences are
due to deflections of the vertical and the differences between the vertical components at any location. The
vertical component measured from the geoid is the orthometric height or elevation (H). The vertical
component measured from the ellipsoidal surface is the ellipsoidal height (h). At any given location, the
difference between the ellipsoidal height and the orthometric height is called the geoidal height (g).
Knowing any two, you can determine the third component using the following relationship:

h=H+g

Heights

ELLIPSOIDAL HEIGHT = h

H = ORTHOMETRIC

ELLIPSOID HEIGHT
. GEOIDAL
GEOID IGHT
h=H+g

One of the many attractive features of GPS is the ability to accurately measure the Earth's surface in three
dimensions (latitude, longitude and ellipsoidal height). Prior to GPS, in order to establish a 3D position for
one or more stations, two separate surveys were usually performed. A horizontal survey was measured to
establish the latitude and longitude of each station. A vertical (leveling) survey was then run to establish
the orthometric height (elevation) for each station.

With GPS, we can determine the latitude, longitude and ellipsoidal height for each station during the same
observation period. Furthermore, we do not have to traverse in to each station to determine its position.
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GPS provides a very reliable and efficient means for determining positions, even for connected stations
hundreds of kilometers apart.

Unfortunately, ellipsoidal height is not always useful to the end user of the coordinates. The challenge then,
is to determine orthometric height (H) for each GPS-defined station from the ellipsoidal height of the
station. In many cases, we can use differential GPS to determine ellipsoidal height (h) within a few
centimeters. The orthometric height can often be determined to within a few centimeters using the
relationship:

H=h-g

if we know the geoidal height (g) at each station. While techniques exist to accurately determine geoidal
heights, they are very expensive to implement.

In the United States, extensive research into this problem is being undertaken. In fact, geoid modeling
systems for the NAD 83 datum have been developed (GEOID99 and GEOIDO03) by the National Geodetic
Survey (NGS) to estimate geoidal heights at any location between the latitudes of 24 to 50 degrees north,
and longitudes from 66 to 125 degrees west. In some areas, such as the Northeastern Coast, the geoidal
heights can be estimated to within a few centimeters of their true value. Orthometric heights that are
accurate to within a few centimeters can then be determined if the ellipsoidal height is known.

COLUMBUS also supports EGM96, a worldwide model which can be used by anyone. For more
information on these models and support for additional models, see the TOOLS chapter of this manual.

Another commonly used practice to compute orthometric heights for each station is to perform a GPS
based 3D Geodetic adjustment using orthometric height instead of ellipsoidal height to control the vertical.
In other words, the orthometric height field for each fixed station (1D and 3D fixed) is used to control the
vertical component of the network. The quality of results will vary from region to region. To get the best
results, the geoidal undulation in the project area should be constant (or within a few centimeters,
depending on your accuracy requirements). Furthermore, your 1D and 3D control stations should be
evenly distributed throughout your network. Finally, you may improve your results by enabling rotation and
scaling of the GPS baselines (see the OPTIONS chapter of this manual for more information).
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Deflection of the Vertical

The deflection of the vertical is the angular separation between the normal to the ellipsoid (line
perpendicular to the ellipsoidal surface at a location) and the direction of gravity at that same location
(geoid normal). Since the direction of gravity is dependent on the geoid and not the ellipsoid, the normal to
the ellipsoid and direction of gravity rarely coincide exactly. Deflections of the vertical are expressed in
seconds in two primary directions: North - South and East - West.

Topography, Geoid, Ellipsoid

ELLIPSOID NORMAL ———»|

|
j[¢— GEOID NORMAL
| (LOCAL VERTICAL)

EARTH’S SURFACE

SEA SURFACE

\O

GEOID SEPARATION
(UNDULATION)

DEFLECTION OF
VERTICAL

Deflections of the vertical corrections apply to the following terrestrial observations: azimuths, directions,
bearings, horizontal angles and zenith angles. Since surveying instruments are leveled in the direction of
gravity at any point, the terrestrial (Astronomic) observations should be corrected to ellipsoidal (Geodetic)
observations to attain the best computational results. The correction for each observation type can be
determined from the known deflections of the vertical at each station interconnected by the above
terrestrial observations.

If the deflections of the vertical are known at each applicable station, COLUMBUS can compute the
observation correction automatically. If you are unable to determine the deflection of the vertical at any
station, it may be to your advantage to estimate the deflection from nearby known stations. The National
Geodetic Survey (NGS) has developed grid files to estimate the deflections of the vertical at any location
within the United States (DEFLECT 99). COLUMBUS now supports the extraction of these deflection
values within the TOOLS module.

For 3D geodetic terrestrial networks, the accurate determination of the height at each station may be
dependent on the zenith angle measurement. Furthermore, if the deflections of the vertical corrections are
not known, your uncorrected (Astronomic to Geodetic) zenith angles may be off by several seconds.

COLUMBUS assumes all entered terrestrial observations are based on the geoid, i.e., those actually
measured in the field. Therefore, COLUMBUS always corrects these observations to the ellipsoid before
network adjustments or COGO computations (3D geodetic only), provided deflection of the verticals have
been supplied for the applicable connected geodetic stations, i.e., not defaulted to zero.
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Reporting Results

All numerical results are presented (within the user interface) in multi-column list format. Columns can be
resized as needed by dragging the column header separator left or right. Changes will be automatically
saved for future COLUMBUS sessions.

SORTING COLUMNS

You can sort any report list by individual list columns. Sorting by column allows you to more easily examine
results in the order you prefer.

To sort any column, simply left click on the applicable column label. To reverse the order of the sorted
column, left click on the column label again. Repeat as often as desired.

Sort By Absolute Value

When sorting columns containing real numbers (both positive and negative values), you can either sort the
column using the actual values displayed or you can sort the column by the absolute value of each number
displayed. This makes it very easy to examine data items for which the magnitude of the values may have
greater significance than the +- sign of the value (e.g., standardized residuals).

Sorting by Absolute Value can be enabled/disabled by invoking the View | Sort By Absolute Value menu
command, thereby toggling its checked status.

Sorting Efficiency

The internal sorting algorithm is very fast. This enables you to quickly sort lists which may contain
thousands or even hundreds of thousands of rows.

Sorting Reports

When examining list reports, the current sorted state will be reflected in the report file generated from
within the applicable list view or list dialog.

COMMA DELIMITED RESULTS

Each and every report can be written to a comma delimited file (Excel CSV compatible) format. These files
contain the actual results without all the normal formatting. In this format, your data can easily be loaded
into Excel or other software packages for further manipulation.

To activate the generation of the CSV file, select the Report Headings command from the Options menu
and enable the Create comma delimited text report... check box. When you send the results of any list
report to a report file, a corresponding file will also be created with extension *.csv (using the same report
file name and in the same folder).
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Example Network

COLUMBUS is not just a network adjustment package. It is a complete toolkit which can be used for on-
the-fly COGO computations, coordinate transformations and geoid modeling. If you need to compute the
areas for selected polygons in your project, simply use the COMPUTE AREA utility within the TOOLS
module. If you need to scale State Plane coordinates to an average orthometric height (elevation),
COLUMBUS is there to assist you. If you want to create a DXF drawing file from known coordinate
positions, simply enter the coordinates into COLUMBUS and proceed to the TOOLS module.

FORT LEWIS

CARBON

________ Conventional
GPS

CHANEY

To help you better understand the many powerful features within COLUMBUS, we have put together a
typical 3D geodetic survey project. Originally designed to consist of only GPS observations, we discovered
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three stations which could not be measured with satellite positioning techniques. These stations were tied
into the 3D geodetic network using terrestrial (conventional) measurements (Stations 101, 102, 103).

The network BIGBASIN.TXT has four control stations with known WGS 84 coordinates (latitude, longitude
and ellipsoidal height). The four control stations are CARBON, FORT LEWIS, LA PLATA and CHANEY.
The remaining stations were assigned numeric station names (see diagram on previous page).

The solid lines represent the observed GPS baselines between stations. The dashed lines represent the
terrestrial observables. As described in the previous section, GPS baselines and terrestrial observations
are not completely compatible (only an issue when attempting to perform the very high accuracy survey).
GPS observables are based on a geodetic coordinate system (the reference ellipsoid). Some terrestrial
observations (azimuths, directions, horizontal angles and zenith angles) are based on the geoid (Earth’s
surface). Whenever possible, these terrestrial observations should be corrected from Astronomic (levelled
in the direction of gravity) to Geodetic (levelled in the direction of the ellipsoidal normal) in order to be fully
compatible with the GPS measurements. COLUMBUS automatically computes these corrections from the
deflection of the vertical data (N-S and E-W) at each connected geodetic station, if provided.

For our network, we have determined the deflection of the vertical for stations CHANEY, CARBON, 16, 21,
27, 101, 102 and 103 using the appropriate DEFLECT 93 grid file within the TOOLS module (use newer
Deflec 99 grid for your current surveys.) In many cases, you will not be able to determine the deflections of
the vertical for stations in your network. This should not discourage you from combining terrestrial
observables with GPS or from setting up elaborate terrestrial networks. If the deflections of the
vertical are minimal, the corrections will be negligible anyway.
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BIGBASIN.TXT ASCII (Text) File

Below are some comments regarding the sample data file BIGBASIN.TXT which is referred to throughout
the COLUMBUS user manual.

Because the file contains compact (single line records) it cannot be easily formatted for this document.
Please load the file BIGBASIN.TXT into your favorite editor (Notepad, Wordpad, Visual Studio, etc.) to
review its contents.

The coordinate positions within this file are the adjusted coordinates computed in the NETWORK
module. We put them here so you could open this file and move directly into any module to perform
computations based on the adjusted finalized positions. We could have entered zeros for the floating
station coordinates, because COLUMBUS automatically computes approximate coordinates to produce an
initial starting solution during network adjustment. The approximate coordinates are computed from the
selected control stations and observations.

Most geodetic projects follow a similar sequence of steps toward completion. Often the adjusted geodetic
coordinates are transformed to a projected coordinate system and then plotted using a CAD-related
package. With the data set BIGBASIN.TXT, we will demonstrate the use of the NETWORK and TOOLS
modules. Sometimes, we will demonstrate computations that you may never need to perform. Our purpose
is simply to explain, by example, how to effectively use COLUMBUS. You may want to print the complete
BIGBASIN.TXT file; we will be referring to it throughout this manual.

The adjusted positions shown in this file were obtained by performing a constrained adjustment with
stations CARBON, FORT LEWIS, LA PLATA and CHANEY held fixed in 3D. All other stations were set to
float. We also enabled rotation and scaling of the GPS baselines in the OPTIONS - NETWORK
OPTIONS - NETWORK SETTINGS dialog box. If you are already familiar with COLUMBUS, open the
BIGBASIN.TXT file within the FILE - OPEN dialog box and try duplicating our results. A complete listing of
the results from our adjustment is in the file BIGBASIN.RPT.

This network was adjusted on the WGS 84 ellipsoid. A commonly accepted practice is to compute geodetic
network adjustments based on the local ellipsoid for your area.

For terrestrial networks, the observations should be corrected (for high accuracy surveys) from Astronomic
(levelled in the direction of gravity) observations to Geodetic (levelled in the direction of the ellipsoidal
normal) observations when adjusting based on ellipsoidal height. To do this, you must know the deflections
of the vertical at each occupied station. The deflections of the vertical are dependent upon the datum you
base your computations upon, since they represent the difference between the direction of gravity on the
Earth's surface to the direction of the specific ellipsoidal normal.

GPS observables are based on the WGS 84 datum. To use these observations with a local datum, the
baseline vectors should be oriented to the local datum. While there is no exact approach for achieving this,
COLUMBUS can compute a best-fit rotation (using a widely accepted method) by enabling the rotation
parameters in the OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog box. For this
technique to produce good results, your 1D, 2D and 3D control stations should be well-distributed
throughout your network. By switching on the scale parameter in the OPTIONS - NETWORK OPTIONS -
NETWORK SETTINGS dialog box, COLUMBUS scales each baseline to better fit the local control in your
area. The rotation parameters in the Local North, East and Up directions rotate the GPS vectors to better fit
your local geodetic control stations.

When you adjust a network, you should follow the general procedure described below:
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1. First, perform a free adjustment based on the local datum, holding one station fixed in 3D (or one
station fixed in 1D and another station fixed in 2D); any station can be used. The statistical results (not
adjusted coordinates) will be the same, since the adjustment in not constrained in any way. This will
give you the best indication as to the quality of your field data. The coordinate results may be off a bit
(from your final adjusted values following a constrained adjustment), but what is most important is the
estimated precision of your survey. Eliminate any questionable observations and re-adjust until you
obtain the best results.

2. Perform a constrained adjustment of the network with all your acceptable control stations and
observations. This will tend to distort your observations as they are forced to fit the control positions in
your network, which have their own inherent error (from prior surveys). Examine the outlier
observations estimated errors, PPMs and ratios within the distance error, error ellipse, error circles,
and error ellipsoid views. Eliminate any questionable observations and re-adjust until you obtain the
best results.

3. For networks containing GPS observables, turn on rotation and scaling (in the OPTIONS - NETWORK
OPTIONS - NETWORK SETTINGS dialog), then repeat Step 2. Compare the results from Step 2 with
those of this step. Use the method which delivers the best results. As always, experiment with various
combinations of control stations and observations until you are satisfied with the results.

There are many ways to adjust the BIGBASIN.TXT network. We adjusted the entire system at once.
Another approach is to adjust the GPS defined stations first, then hold these fixed and then adjust the
terrestrial portion. For this network, our terrestrial observations were as good or better than our GPS data.

Note: Portions of this network are fictitious. Furthermore, we have introduced some additional error to
certain observations to create a network with lower accuracy than the real-world survey. Carefully
executed field surveys can result in better adjustment results than what are demonstrated here.

Copyright 1998-2009 Best-Fit Computing, Inc.
1-29



1-30 Copyright 1998-2009 Best-Fit Computing, Inc.



Chapter 2

File Managem en t (updated September 5, 2009)

General DISCUSSION . . . ..ot e e 2-3
Creating New Project . .. ... . e 2-5
Open EXisting Project ... ... . e 2-6
Append EXisting Project ... ... .. 2-8
ClosE ProjeCt . ... e e 2-11
Save ProjeCt . ... e 2-12
Import File Data ... ... 2-13
Convert 3rd Party Files - GPS Data ........... ... e e 2-15
Convert 3rd Party Files - Other Formats . ... ... . .. . . e e 2-20
Station/Observation Summary . ... ... .. . e 2-24
Create XML File .. ... e 2-26
PriNtiNg .. 2-27
1,2,3,4,5,6COoMMANd . .. ... 2-30
Exiting COLUMBUS . ... . e e 2-31

Copyright 1998-2009 Best-Fit Computing, Inc. 2-1



Copyright 1998-2009 Best-Fit Computing, Inc.



General Discussion

The FILE module facilitates data file management by offering the following commands:

New
Open

Append

Close

Save

Save As

Import

Convert 3rd Party Files
Station/Observation Summary
Create XML File

Print

Print Preview

Print Setup

Exit

Creates a new project.
Opens an existing project or imports delimited coordinate files.

Appends data to the current project or imports delimited coordinate
files.

Closes the opened project.

Saves the opened project using the same file name.

Saves an opened project to a specified file name.

Import OPUS, Coordinate, or G-File data.

Converts 3rd party data to COLUMBUS compatible ASCII (Text) files.
Views station and observation types for each datum.

Creates an XML file containing all the current data in the project.
Prints the contents of the current view.

Displays the current view on the screen as it would appear printed.
Selects a printer and printer connection.

Exits COLUMBUS.

Files can be created, opened and saved. A separate text editor can be used to create ASCII (Text) input
files, which can be read directly by COLUMBUS. Several example ASCIl (Text) files are listed in
APPENDIX A. There are several others installed in the Sample Projects folder.

All data files created by COLUMBUS are in readable ASCII (Text) format. To obtain a printout of the data
within the project, use the FILE - SAVE AS - ASCII (Text) option. This file can then be printed from any text
editor.

COLUMBUS can OPEN five types of input data files:

1.

2. Network files:

ASCII (Text) files: This is the primary input file to COLUMBUS. These files can be
created within COLUMBUS or by using an external text editor such as
Notepad. Please see Appendix A for a complete description of the many
keywords that can be use within this file type.

This file is the same as the ASCII (Text) file, with additional keywords

added for defining the station and observations that are in the network.
Files of this type can be created after an adjustment from within the
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3. Delimited Coordinate files:

4. Binary files:

5. FORMATTED GPS files:

NETWORK - SAVE NETWORK dialog box. They can also be created
using an external text editor (e.g., Notepad). See Appendix A for all
applicable keywords that can be embedded into this file type.

These are ASCII (Text) files containing coordinates that COLUMBUS
supports (Lat, Long, State Plane North, State Plane East, etc.). Each line
in the file contains the same type of coordinate data (for example, station
name, Latitude, longitude). Each coordinate component is separated by a
delimiter. Often, a comma is used. To open these files, you must set up
COLUMBUS to recognize the exact format of the file. See the OPTIONS
chapter on how to set up the import format.

This binary file type is no longer created within COLUMBUS. They can
still be loaded for backward compatibility.

This ASCII file type is no longer created within COLUMBUS. They can still
be loaded for backward compatibility.

After a file has been opened, new data can be added to the current data set using the DATA input screen
dialog boxes. Additionally, files can be appended to the data currently in the project using any the FILE -
APPEND option. This makes it very easy for you to build a single data set from several previously created
data files. Rather than using the FILE - APPEND command, you can also load several files at once by
using the $INCLUDE_FILE keyword described in Appendix A.

It is important to remember that all data entered using the DATA input grids will be physically linked to the
active datum. Therefore, if a project is to be constructed on the NAD 83 datum, make that datum active in
the OPTIONS - DATUMS module before entering your data in the DATA module.
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Creating New Project

The FILE - NEW option creates a new empty project. This command is useful prior to entering new data
using the DATA input grids.

COLUMBUS - NoName1
File Wiew Data Metwork Results Tools Options Window Help

% NoName1

For Help, press F1 |30 Geodetic view | [ [Elip Hat  [naD E3 Degress |Meters

When a new project is created an empty view is displayed. Within COLUMBUS you can open and view
one project at a time. All processing within COLUMBUS is performed on the currently opened project.

Copyright 1998-2009 Best-Fit Computing, Inc. 2-5



Open Existing Project

The FILE - OPEN command allows you to open an existing compatible COLUMBUS project file.

ASCII (Text) files can be created from within COLUMBUS or by using an external text editing program or
other third-party software. This is the standard file format supported by COLUMBUS. The format of
several sample ASCII (Text) files are described in APPENDIX A.

NETWORK files are simply ASCII (Text) files with additional information embedded within them (fixed
stations, option settings, etc.) This file type is typically created after a network adjustment or pre-analysis
by invoking the NETWORK - SAVE NETWORK command.

Delimited coordinates files are ASCII (Text) files that are usually created by an external source. Each line
in the file contains the same coordinate type, separated by the delimiter (for example, station name,
Latitude, Longitude, height). You must first set up the import file format within the OPTIONS - IMPORT
FILE SETUP - USER DEFINED dialog before loading this file type.

COLUMBUS [- [=[x]
esults  Tools  Options  Swindow  Help

File Wiew Data Metwor

Tedat:ca? o NI E|vBBSAHm[< ] 2008 8 R

Open A Data File
Laok jr: | (2 Sample Projects =] - =k B3

[Z] BEARZD.TRT [Z]) M1zED. TXT [Z] TRIGLEWEL.TXT
[Sfeiceasii. Tt [Z) hEE. THT [E] uTm. TRT

[Z] BIGBASIN_RET.THT [ MEE_TRAN.THT [Z] UTM_TRAW. T&T
£ qeo.TxT [] STATEPLANE.TXT [Z] werTICAL.T=T
[Z] GEC_TRAY.TRT [Z] STATEFLAME_TRAY.TXT

[Z] GPSONLY. TXT [Z] TERROMLY T=T

& I

Dedicated

File name: BIGBASIN. TAT

Files of wpe:  [ASCII (Tewt] Files [".tat)

For Help, press F1 |30 Geodetic view | [ [Elip Hat  [was 84 |Degrees [Meters

COLUMBUS BINARY files were created in earlier versions of COLUMBUS. This file type can no longer be
created in COLUMBUS, but it can still be opened.

FORMATTED GPS files are those which are created by some external source. These are readable ASCII
(Text) type files. The format for the FORMATTED GPS file is shown in APPENDIX B. They are seldom
used anymore.

When the OPEN command is invoked, the project file(s) are loaded into COLUMBUS. Once a file has been
opened, the data can be altered and saved to the same file or to a new file using the standard FILE - SAVE
or FILE - SAVE AS commands.
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To open a file, select the type of file to open (see above). As an alternative to typing in the file name, you
may use conventional wild cards to view a list of possible files. When COLUMBUS displays the pathway
and default file name, use the backspace key to enter a wildcard.

COLUMBUS HEE

File Wiew Data Metwork Resuts Tools Options Window Help

Tedat:ca? o NI E|vBBSAHm[< ] 2008 8 R

— Specifiy File Type To Load/Save

File: M ame:

c:vprogran fileshbest-fit computinghoalumbus 3.75sample reportshgeo.pt

For Help, press F1 3D Geodetic view [Elip Hat  [was 84 Degress |Meters

If the file you are opening is not detected as any of the above types, COLUMBUS will prompt you to specify
the file type. Select the type and COLUMBUS will attempt to load the file as that type. You will always see
this dialog box when attempting to load a comma delimited coordinate file.
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Append Existing Project

The FILE - APPEND command allows you to append an existing project file to the current project. This is
useful when combining data from several separate sources into one large project.

ASCII (Text) files can be created from within COLUMBUS or by using an external text editing program or
other third-party software. This is the standard file format supported by COLUMBUS. The format of
several sample ASCII (Text) files are described in APPENDIX A.

NETWORK files are simply ASCII (Text) files with additional information embedded within them (fixed
stations, option settings, etc.) This file type is typically created after a network adjustment or pre-analysis
by invoking the NETWORK - SAVE NETWORK command.

Delimited coordinates files are ASCII (Text) files that are usually created by an external source. Each line
in the file contains the same coordinate type, separated by the delimiter (for example, station name,
Latitude, Longitude, height). You must first set up the import file format within the OPTIONS - IMPORT
FILE SETUP - USER DEFINED dialog before loading this file type.

OLUMBUS - BIGBASIN. T2 !|E

File Wiew Data Metwork Resuts Tools Options Window Help

CeH@ s Re  HEEEE| v B BSAHm < >]] 20000 8 R
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[Z] BEARZD.THT [Z] mIxED. TXT [Z] TRIGLEVEL. T=T
[Z] BIGBASIN. TXT [Z] MEE.TXT [Z] utm. 7T

[Z] BIGBASIN_NET. T=T [Z] MEE_TRAY . TRT [Z] UTM_TRAW. TXT
[Z] STATEPLANE. TST [Z] YERTICAL. TRT

[Z] STATEPLAKE_TRAY. TXT

[Z] TERRONLY. TXT

Filename:  [GPSONLY.T<T

2
gpen |
Files of types  [£5C11 (Text] Files (" ta) | Cancel

CHAMNEY

For Help, press F1 |30 Geodetic view M 37-15-54.1 W 108-14-28.7 [ElipHat  |WGs 64 |Degrees [Meters

COLUMBUS BINARY files were created in earlier versions of COLUMBUS. This file type can no longer be
created in COLUMBUS, but it can still be opened.

FORMATTED GPS files are those which are created by some external source. These are readable ASCII
(Text) type files. The format for the FORMATTED GPS file is shown in APPENDIX B. They are seldom
used anymore.

When the APPEND option is invoked, the chosen file will be loaded and the data will be added to data
already in the current project. Once a file has been appended, the data can be altered, then saved to the
same file or to a new file using the standard FILE - SAVE or FILE - SAVE AS command.
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If the file you are opening is not detected as any of the above types, COLUMBUS will prompt you to specify
the file type. Select the type and COLUMBUS will attempt to load the file as that type. You will always see
this dialog box when attempting to load a comma delimited coordinate file.

OLUMB BIGBASIN. T3

File Wiew Data Metwork Resuts Tools Options Window Help

CeH@ sl Re  HEEEE| v B BSAHm < >]] 20000 8 R

For Help, press F1 |30 Geodetic view M 37-15-54.1 W 108-14-28.7 [ElipHat  |WGs 64 Degress |Meters

To append a file, select the type of file to append (see above). As an alternative to typing in the file name,
you may use conventional wild cards to view a list of possible files. When COLUMBUS displays the
pathway and default file name, use the backspace key to enter a wildcard.

Using The $INCLUDE_FILE directive.

Use this keyword in your project file to include other files into the loading process. When you load file 'A.txt'
which includes file 'B.txt', both file 'A.txt' and file 'B.txt' will be loaded automatically. The old way of
performing this operation was to Open file 'A.txt' then Append file 'B.txt' and append all subsequent files.
For large projects with dozens of input files, this process can be cumbersome. Now you can simplify the
process using the $INCLUDE_FILE keyword.

Sample:

You project consists of five files (file 'A.txt', 'B.txt, 'C.txt', 'D.txt", and 'E.txt') and you want to load them
automatically by selecting only one file from the FILE - OPEN command.

Solution:
There are a number of solutions, but perhaps the easiest to consider is the following:
Create afile 'Z.txt' and include the five files within this file.

! Top of file 'Z.txt' which is located in the path c:\stations\

Copyright 1998-2009 Best-Fit Computing, Inc. 2-9



$INCLUDE_FILE; A.txt
$INCLUDE_FILE; obs\B.txt
$INCLUDE_FILE; obs\C.txt
$INCLUDE_FILE; obs\D.txt
$INCLUDE_FILE; c:\gps\obs\E.txt
I Bottom of file 'Z.txt'

To load all these files, invoke the FILE - OPEN command and select file 'Z.txt'.

NOTES:

If the included file name is a relative file name (does not contain a full path), COLUMBUS will
append the relative path provided to the path of file 'Z.txt' to obtain the search path for this file. In
the example shown above, the search path for file 'A.txt' will become c:\stations\A.txt. For the next
three files, the search path will become c:\stations\obs\B.txt, etc. The 'E.txt' file will be searched for
in path c:\gps\obs\E.txt

Files that are included in the current file being loaded, will not be loaded until the current file is
completely loaded. In the above example, file 'Z.ixt' will be processed in its entirety, before file
'‘Atxt’, 'B.txt', 'C.txt', 'D.txt', or 'E.txt' will be loaded. Since stations should generally be loaded prior
to the observations (that reference these stations), be sure to structure your file loading
accordingly.

Whether you are using the FILE - APPEND command or the $INCLUDE_FILE keyword, matching
coordinate type data found in files 2..n will overwrite similar coordinate type data from files 1..n-1.
Suppose the first file loaded contains State Plane coordinate data for station BBB and the third file
loaded also contains State Plane coordinate data for station BBB. When the third file is loaded, its
data for State Plane station BBB will replace the data loaded from the first file (for State Plane
station BBB). With this in mind, structure your loading process so that the last files loaded
contain your known good coordinate data.

2-10
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Close Project

The FILE - CLOSE command allows you to close the current project and all windows related to the current
project. COLUMBUS will prompt you to save your project if you have made changes to your data. If you
close a project without saving, you will lose all changes made since the last time you saved it.

Before closing an untitled project, COLUMBUS will display the SAVE AS dialog box and prompt you to
name and save the project.
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Save Project

The FILE - SAVE and FILE - SAVE AS commands allow you to save the data currently in the project to a
COLUMBUS ASCII (Text) file. This file type can be loaded back into COLUMBUS by using the FILE -
OPEN or FILE - APPEND option. The FILE - SAVE or FILE - SAVE AS option should be invoked often
during data entry and/or editing (within COLUMBUS) to prevent data loss in the event of a power
failure or system crash.

File Wiew Data Metwork Resuts Tools Options Window Help
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Save A Data File
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[Z] GEO_TRAW.TXT [Z) STATEPLANE_TRAV. THT
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Use the FILE - SAVE AS option to enter a new file name or use an existing file to write your data into.
When the FILE - SAVE AS option is invoked, a dialog box will appear displaying the current pathway. You
can then enter a new file name or select an existing file from the list. To override the default file path, enter
in a different file path. To write the data in the project to the selected file, click on the OK button. If the file
already exists, COLUMBUS will alert you with a warning message. You may then overwrite the existing file
by responding YES, or respond NO to cancel out of the operation.

COLUMBUS does not automatically supply an extension to saved files. Therefore, it is your
responsibility to provide a complete file name. This gives you the flexibility to establish your own file
naming convention. Establishing a file naming strategy makes it easier to remember the type of data in
each file at some later date.
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Import File Data

Third Party Files can also be imported in one step. Imported data is loaded into your existing open project.
If you do not have a project open, first invoke the FILE - NEW command to create an empty new project.

Opus Files

For Extended OPUS solutions, COLUMBUS will import the geodetic and coordinate observation data
(ENU covariance matrix) from each selected OPUS file. One geodetic station and one geodetic coordinate
observation will be created in your project for each Extended OPUS solution.

For NON Extended OPUS solutions, COLUMBUS will import the geodetic data from each selected OPUS
file. One geodetic station will be created in your project for each NON Extended OPUS solution.

You can also import Blue Book G-File baseline data by first copying the G-File data (from the Opus file) into
a text editor (Notepad), saving that file and then using the import G-File option described below.

Coordinate Delimited Files

To import Coordinate Delimited files, first set up the file format template in the OPTIONS - IMPORT FILE
SETUP - USER DEFINED dialog. See the Import File Setup topic in Chapter Eight of the User Manual.
Multiple files can be imported in one step.

BlueBook G Files

To import BlueBook G File data, simply select one or more G Files. GPS baseline vector data will be
imported into the project. If there are no Coordinate records (G records) in the file, the stations will be
assigned latitude and longitude coordinates of ZERO.

Records supported include: A, B, C, D, E, F and G.
Ashtech O Files

To import Ashtech O File data, simply select one or more O Files. You will then be presented with a dialog
that includes choices for: solution type, covariance scaler and the option to use long station names when
found in each O file. Click OK, and the GPS baseline vector data will be imported into the project. Ashtech
O files are binary files. They cannot be read by text editors.

Thales OBN Files

To import Thales OBN File data, simply select one or more OBN Files. You will then be presented with a
dialog that includes choices for: solution type, covariance scaler and the option to use long station names
when found in each OBN file. Click OK, and the GPS baseline vector data will be imported into the project.
Thales OBN files are binary files. They cannot be read by text editors.

Leica SKI’ASC’ Files
Import GPS vectors from Leica post-processing files created with the “SKI” post-processing software. Each

Leica file contains one or more baseline solutions. These files can usually be identified by their *.ASC file
extension.

Copyright 1998-2009 Best-Fit Computing, Inc. 2-13



Trimble ’SSF’ and 'SSK’ Files

GPS data from Trimble post-processing files created with the Trimble post-processing software, including.
Trimble Geo Office 'ASC’ Files

Sections supported in the 'ASC' file include:

[General], [Stations], [GPS], [Terrestrial], [Laser], [Level Run]

Trimble "JXL’ Files

This is an XML based file. Currently only GPS observations can be imported.

'RW5’ and 'RAW’ Files

Currently only supports importing of GPS observations.

’Google Earth ’KML’ Files

Import WGS 84 geodetic coordinates found in the 'KML' file. Coordinate values found inside the LookAt
and coordinates element are supported.

When reading the geodetic coordinates from the coordinates element, each set of coordinates is
assigned a unique id at the end of the common (to all coordinates) station name.

This is a great way to create networks for design. Simply run Google Earth, create your coordinate
positions, then save the data to a KML file. Import the coordinates into COLUMBUS, define your
observations and expected errors, and you are ready for computing the network design (pre-analysis)
statistics.
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Convert 3rd Party Files - GPS Data

The FILE - CONVERT 3RD PARTY FILES command provides access to built-in data conversion tools for
third party files. These tools allow you to convert other vendor files into COLUMBUS compatible ASCII
(Text) input files.

In the early days of COLUMBUS, all file conversion tools were embedded directly into the COLUMBUS
application. Today, all new file conversion tools are provided as stand-alone applications outside
COLUMBUS. The latest stand-alone file conversion tools can be downloaded from our web site
(www.bestfit.com). Many of these formats can also be imported.

This section details the GPS baseline file conversion tools that are built into COLUMBUS. They are used to
extract GPS baseline data (stations and observations) from the following GPS receiver manufacturers’
post-processing software:

* Ashtech

* Leica

*  Motorola

*  Topcon-GeoComp
e Trimble

Data extracted from these files are written to a COLUMBUS ASCII (Text) compatible input file that can be
opened into COLUMBUS using the FILE - OPEN or FILE - APPEND command.

Other receiver manufacturers generally have the ability to create the above receiver file types or they can
create NGS Bluebook files. Bluebook files can be converted using the latest BBookToColumbus.exe file
conversion tool.

For each baseline, COLUMBUS extracts the AT and TO station names, their approximate coordinates, the
baseline vector, and the covariance matrix. The covariance matrix is used to weight each baseline during a
network adjustment. The approximate coordinates are usually in WGS 84 ECEF (Earth Centered Earth
Fixed) cartesian form. The conversion tool automatically transforms these to WGS 84 geodetic
coordinates, before writing them into the resulting ASCII (Text) file (Western longitudes are negative;
Eastern longitudes are positive).

GPS baseline extraction for the entire project can be completed in one session or over the life of your
project. With the $SINCLUDE_FILE keyword (see Appendix A), you can create one master.txt file and
include hundreds of session files. After weeks of collecting data, you can then load the master.txt file,
which will automatically load the included files. You can then verify loop closures within the TOOLS -
COGO - 3D GEODETIC TRAVERSE option or perform ongoing adjustments within the NETWORK
module.
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GPS Receiver Support

GPS baselines from supported receivers can be integrated into your ongoing geodetic projects. Best-Fit
Computing will support any commercially available GPS system designed for surveying. If the system you
own or plan to purchase is not listed above, contact us about developing a stand-alone file conversion tool.

Step-by-step instruction for extracting GPS vectors

For all manufacturer post-processing software (Ashtech, Leica, Motorola and Trimble), follows these steps
to extract GPS vectors:

1. Select the FILE - CONVERT 3RD PARTY FILES - GPS RECIEVER FILES command. The GPS Vector
Extraction dialog box will appear.

File Wiew Data Metwork Resuts Tools Options ‘Window Help

DS 2z oMl E|loEB @S ARu|< >|] 444185 |

Covariance Scaler  GPS File Type:

Cunent Input File: START UP

Baselines Processed: 0
Files Processed: 0
Dulput File
START UP

" CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-04.8 W 108-08-42.7 [ElipHgt |WGS 84 |Degrees [Meters

2. Select the GPS File Type you wish to process. Vendors use different file formats for their baseline
data. Some use one file format for all GPS survey types. Others use several file formats.

Ashtech: GPS baseline data from Ashtech post-processing “O” files. These are binary files which
cannot be directly viewed by you. Some 3’rd party vendors also create this file type (e.g., *.OBN
files).

Each “O” file contains one Float and one Fixed baseline set. The extracted vectors are written to an
ASCII (Text) file which can be loaded directly by COLUMBUS.

Leica: GPS baseline data from Leica post-processing files created with the “SKI” post-processing
software. Each Leica file contains one or more baseline solutions. These files can usually be identified
by their *.ASC file extension. Furthermore, the first two records within the file will look something like
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the following:

@%Unit: m
@%Coordinate type: Cartesian

For the above example, “m” = meters; “Cartesian” could be “Geodetic.”

Note: The files you create with the SKI software must be in Cartesian form. COLUMBUS cannot
accept the coordinate data within these files in Geodetic form.

Motorola: GPS baseline data from Motorola post-processing files created from Eagle GPS receivers.
These are ASCII files which can be directly viewed by you.

Each file contains one or more baseline sets, which can be identified by their BSL extension. This file
type is rarely used anymore.

Sokkia GPS Receivers: Sokkia supports the creation of many different file formats. You can even
create a GeolLab compatible file that we can convert to the COLUMBUS format using the latest
lobToColumbus.exe file conversion tool available from our web site (www.bestfit.com).

Topcon-GeoComp: These are ASCII (Text) files. Each file contains one baseline solution. Topcon
also allows you to create Ashtech 'O’ files, which we directly support.

Trimble: GPS data from several Trimble post-processing files created with the Trimble post-
processing software, including Single 640 ASCII files, Binary SSF files and Binary SSK files.

+ The Single 640 solution files are text files (including the *.FIX, *. TRP and *.FLT files) which can
be viewed by you. They contain one solution per file.

+ The SSF files are binary files which cannot be viewed by you. They contain one or more
solutions per file.

+ The SSK files are binary files which cannot be viewed by you. They contain one or more
solutions per file.

+ Post Processing files created using the WAVE Baseline Processor should be extracted using
the WAVE option.

Trimble Geomatics Office files are processed using the Trimble Geo Office option within
COLUMBUS at: FILE - CONVERT 3RD PARTY FILES - TRIMBLE GEO OFFICE. See Other Formats
in the next section.

3. Determine if the covariance matrix for each baseline should be scaled, and enter a COVARIANCE
SCALER, if needed. The COVARIANCE SCALER should be left as 1.0 unless you have some a priori
knowledge that the derived covariance matrix for each baseline is either too small or too large. Enter a
number less than 1.0 if you believe the covariance matrices are overly pessimistic (larger than they
should be). Enter a number greater than 1.0 if you believe the covariance matrices are overly
optimistic (smaller than they should be). You may base the scaler on past experience or according to
the receiver manufacturer recommendation.

You can also scale individual baselines, groups of baselines or all baselines using the keyword
$S_XYZ_COV described in Appendix A.
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4. Click on the Start button to select a list of files to process. The file path COLUMBUS uses by default
can be defined by you in the OPTIONS - DIRECTORIES dialog. You can override the file path at any
time. Since this is a multi-selectable list, you can select more than one file at a time to process.

__ COLUMBUS - BIGBASIN.TXT =3 E3|
File view Data MNetwork Results Tools Options Window Help

DS 2z ol HlxE|loEB @S ARu < >|] 4.4 4185 |
*_ BIGBASIN.TXT

Covariance Scalst  GPS File Type:
i |&sshtech Flost Solution |

I~ Ashech 0 files - Use Long Station Mames |f Present

File name:  [TEST.abn

Files of type:  [OBN Files (~obi)

LA PLATA

For Help, press F1 |30 Geodetic iew M 37-16-04.8 W 108-08-42.7 [ElipHgt |WGS 84 |Degrees [Meters

" CHANEY

5. To select two or more individual files, hold the CTRL key down while clicking on each file. To select a
(inclusive) group of files, hold the SHIFT key down while clicking on the topmost and bottommost file
names.

6. The following options allow you to specify from which GPS files to extract baselines. As each selected
file is processed, the baseline data is written to a selectable ASCII (text) file. You will be prompted for
the ASCII (text) filename.

File Name Type or select the filenames you want to process. You can either type the
filenames directly, separated by single spaces, or select multiple filenames from
the list using conventional combinations of the left mouse button and the Shift,
Control or Alt keys. This box lists files with the extension you select in the List
Files of Type box.

List Files of Type Select the type of file from which you want to extract GPS baselines. The type of
files presented is dependent upon the GPS file type selected in the previous
dialog box.

For example, if you selected “Leica Solution” for the GPS file type, the file types
available for selection would be:

Leica Files (*.ASC)

All Files (*.*)

Drives Select the drive in which your GPS baseline files are stored.
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Directories Select the directory in which GPS baseline files are stored.

Network... Choose this button to connect to a network location, assigning it a new drive
letter.

7. Write to ASCII (Text) file dialog box

This dialog box is where you select the ASCII (Text) file to which to write the extracted station and
observation data. This file type can be directly loaded by COLUMBUS in the FILE module.

You can also edit this file with any third-party text editor.
In this dialog box, you can perform any of these actions:
« Type in a full file name in the input box.

+ Type in a file name with wildcards, which filters the files in the Files list box to match your
specifications.

+ Choose a file specification from a history list of file specifications you entered earlier during the
current COLUMBUS session.

+ View the contents of different directories by selecting a directory name in the Files list box.

You should develop a naming convention for all your ASCII (Text) data files. One way to do this is to
provide a common extension (like *.TXT, *.ASC, etc.) which you can easily recognize. That way you
will not inadvertently overwrite an ASCII (Text) data file with some other file type.

8. Station definitions may be repeated several times within the resulting ASCII (Text) file. Each time a
station is encountered in a new observation set, the current approximate geodetic coordinates for the
station are written to the ASCII (Text) file using the $GEO or §GEO_COMPACT record type. When this
file is loaded into COLUMBUS, only the first instance of a new geodetic station type is loaded (i.e., if
station BEN occurs several times in the file as a $GEO record, only the first instance of geodetic
station BEN will be loaded). Therefore, if you edit the coordinates for a station (control stations for
example) within this file, you only need to modify the first instance of each $GEO or $§GEO_COMPACT
station coordinate record.

9. Each extracted baseline will have three records in the resulting ASCII (Text) file. Two $GEO or
$GEO_COMPACT records, and one $GPS or $GPS_COMPACT record. See Appendix A for a
description of these record types.

Each $GEO or $GEO_COMPACT record (one for the AT station and one for the TO station) contains
the WGS 84 geodetic approximate coordinate definition. All standard deviation fields are set to a small
value. The $GPS or $GPS_COMPACT record contains the baseline delta X, Y and Z components and
the covariance matrix elements. Each $GPS or $GPS_COMPACT record is preceded by a comment
indicating the baseline solution type and the receiver manufacturer file from which it was extracted.

After you select the output file, COLUMBUS will begin extracting the baseline data from each selected
GPS file. As each file is processed, the CURRENT INPUT FILE message will be updated to reflect the
current file in process. The BASELINES PROCESSED and FILES PROCESSED counters will also be
updated to reflect the number of baselines and files successfully processed.
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Convert 3rd Party Files - Other Formats

The FILE - CONVERT 3RD PARTY FILES command provides access to built-in data conversion tools for
third party files. These tools allow you to convert other vendor files into COLUMBUS compatible ASCII
(Text) input files.

In the early days of COLUMBUS, all file conversion tools were embedded directly into the COLUMBUS
application. Today, all new file conversion tools are provided as stand-alone applications outside
COLUMBUS. The latest stand-alone file conversion tools can be downloaded from our web site
(www.bestfit.com).

This section details the other file conversion tools that are built into COLUMBUS. They are used to extract
station and observation data from the following third-party files:

« CMM (*.LSA)
«  GMM (*.LSA)
+ Trimble Data Exchange format (*.ASC)

CMM file types are created using the Cadastral Measurement Management System Software. GMM file
types are created using the Geographic Measurement Management System Software. Both of these
software packages were developed jointly by the Bureau of Land Management and the University of
Maine. Trimble Data Exchange format files are created using the Trimble Geomatics Office Software.

& - [3]x]
DEEH& 2z Eo 1 B k?
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19
[
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Converting CMM (*.LSA) Files

The FILES - CONVERT 3RD PARTY FILES - CONVERT CMM (*.LSA) Files command allows you to
extract coordinates and observations from the CMM (*.LSA) file type. These files consist of State Plane or
Local Plane rectangular coordinates, along with these field observations: Azimuths, Horizontal Angles and
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Horizontal Distances.

Extracted coordinates and observations are written into a COLUMBUS-compatible ASCII (Text) file, which
can be loaded directly by COLUMBUS. Data from these files can be used for 2D geodetic adjustments at
an average project height.

Before processing the data, you must tell COLUMBUS the coordinate type in each CMM (*.LSA) file, the
linear units for the data in the file, and the Datum upon which the coordinates are based. You must also tell
COLUMBUS the Azimuth, Horizontal Angle, and Horizontal Distance standard deviations you want
COLUMBUS to assign for each of these extracted observation types. For Horizontal Distances, you should
also provide a PPM correction.

To begin processing, click Start. You will be prompted for the names of all CMM (*.LSA) files to process.
You will then be prompted for the name of the resulting COLUMBUS ASCII (Text) file to generate.

After processing your files, load the resulting ASCII (Text) file into COLUMBUS and transform the
coordinates (either State Plane or Local Plane) to geodetic by selecting the appropriate command from the
TOOLS - TRANSFORMATION menu. Keep the coordinates into memory and select the Save As
command from the File menu to save your file.

Note: If you have never transformed Local Plane (NEU) coordinates to geodetic coordinates in
COLUMBUS, please review the Transformation section of the Tools Chapter of this manual for a detailed
example. The key element is selecting a point of tangency between the Earth's ellipsoidal surface and the
flat surface of the tangent plane. From this point, all Local North and East coordinates can be transformed
to 2D geodetic coordinates (latitude and longitude).

As with any 2D and 3D geodetic network adjustment, COLUMBUS allows you to view your adjustment
results online, which helps when looking for blunders and estimates of precision. Adjusted coordinates can
easily be transformed back to State Plane or Local North/East coordinates for reporting purposes.

Set the view to 2D Geodetic by selecting the 2D Geodetic option from the View menu. Set the average
elevation for the project by specifying the 2D Height found in the OPTIONS - GLOBAL SETTINGS dialog.
You are now ready to perform 2D geodetic network adjustments with this data.

You can also export the coordinates (whether the adjusted geodetic or the adjusted and transformed State
Plane or Local Plane) to a coordinate file for input into other software systems (such as GIS).

Converting GMM (*.LSA) Files

The FILES - CONVERT 3RD PARTY FILES - CONVERT GMM (*.LSA) Files command allows you to
extract coordinates and observations from the GMM (*.LSA) file type. These files consist of State Plane or
Local Plane rectangular coordinates, along with these observations: Bearings and Horizontal Distances.

Extracted coordinates and observations are written into a COLUMBUS-compatible ASCII (Text) file, which
can be loaded directly by COLUMBUS. Data from these files can be used for 2D geodetic adjustments at
an average project height.

Before processing the data, you must tell COLUMBUS the coordinate type in each GMM (*.LSA) file, the
linear units for the data in the file, and the Datum upon which the coordinates are based. You must also tell
COLUMBUS the Bearing Horizontal and Distances standard deviations you want COLUMBUS to assign
for each of these extracted observation types. For Horizontal Distances, you should also provide a PPM
correction.
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To begin processing, click Start. You will be prompted for the names of all GMM (*.LSA) files to process.
You will then be prompted for the name of the resulting COLUMBUS ASCII (Text) file to generate.

After processing your files, load the resulting ASCII (Text) file into COLUMBUS and transform the
coordinates (either State Plane or Local Plane) to geodetic by selecting the appropriate command from the
TOOLS - TRANSFORMATION menu. Keep the coordinates into memory and select the Save As
command from the File menu to save your file.

COLUMBUS, please review the Transformation section of the Tools Chapter of this manual for a detailed
example. The key element is selecting a point of tangency between the Earth's ellipsoidal surface and the
flat surface of the tangent plane. From this point, all Local North and East coordinates can be transformed
to 2D geodetic coordinates (latitude and longitude).
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Beaiing [sec] 0.1 —
Horiz Dist flinear]: 0.0 3

Curent Input File: - STaRT UP
Files Processed: 0
Output File: START UP
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For Help, press F1 30 Geodetic Wiew [N 37-16-046 W 108-11-00.4 [Elip Hot WG5S 84 Degrees [Meters

AS with any 2D and 3D geodetic network adjustment, COLUMBUS allows you to view your adjustment
results online, which helps when looking for blunders and estimates of precision. Adjusted coordinates can
easily be transformed back to State Plane or Local North/East coordinates for reporting purposes.

Set the view to 2D Geodetic by selecting the 2D Geodetic option from the View menu. Set the average
elevation for the project by specifying the 2D Height found in the OPTIONS - GLOBAL SETTINGS dialog.
If the bearings contained within the GMM files are average bearings (average between each connected
station pair), turn on the Rotate Bearings option as well. For more information on the Rotate Bearings
option, see the Options chapter of this manual. You are now ready to perform 2D geodetic network
adjustments with this data.

You can also export the coordinates (whether the adjusted geodetic or the adjusted and transformed State
Plane or Local Plane) to a coordinate file for input into other software systems (such as GIS).
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Converting Trimble Data Exchange (*.ASC) Files

The FILES - CONVERT 3RD PARTY FILES - CONVERT TRIMBLE GEO OFFICE (*.ASC) Files command
allows you to extract coordinates and observations from the Trimble Data Exchange (*.ASC) file type.
These files may contain Geodetic coordinates, rectangular coordinates, GPS observations, terrestrial
observations, and/or laser observations (see the Trimble Geomatics Office software for more detail on the
format of these files).

Extracted coordinates and observations are written into a COLUMBUS-compatible ASCII (Text) file, which
can be loaded directly by COLUMBUS.

@ BEE
O & G 22 aas Eo = b 2
@ - =]

In the fields below, make the applicable setting changes which reflect the data within the Trimble filfs],
Select Diatum For Coardinate Type:
Kot East Coord Type North, East Quad Sign Laser Obs Stand Dev's
& State Plane & N+5- WEr Horiz dngle: |10
CUTH O NG WEs
10
¢ Local NE Flane € NaS- WaE- Zerth Angle:
© NG WA Slape Distance: |0.003
Curent Input File: START UP
Files Processed: 0
Output File: START UP

CHAMNEY

For Help, press F1 3D Geodetic Wiew [N 37-16-01.6 W 108-11-45.7 [ElipHat  |WGS 84 Degress |Meters

Before processing the data, you must tell COLUMBUS the Datum you want these data associated with
when loaded into COLUMBUS. If you don't see your datum in the list, you can add your datum into the
COLUMBUS environment from within the DATA - DATUMS dialog.

COLUMBUS also needs to know the North and East coordinate type (if applicable) in each *.ASC file and
the quadrant sign for these coordinates (e.g., is North and East positive, etc.). Internally, COLUMBUS
treats North and East as positive, South and West as negative. By telling COLUMBUS the type of
coordinates you have in the file, they can be converted to the appropriate sign for usage in COLUMBUS.

Finally, you must provide COLUMBUS with the Laser observation standard deviations (if Laser
observations are present in the file). Trimble Geomatics Office does not supply this information in their
Geomatics files, but COLUMBUS requires this data for any observation type. Defaults are provided by
COLUMBUS. The units of entry for each should be in the same units as each matching Laser observation
type in the file (Horizontal angle, Zenith angle, and Slope Distance type).

To begin processing, click Start. You will be prompted for the names of all *.ASC files to process. You will
then be prompted for the name of the resulting COLUMBUS ASCII (Text) file to generate.
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Station/Observation Summary

The Station/Observation Summary dialog box allows you to view a summary of the data currently in the
project, including:

+ each datum name
« the number and type of stations associated with the datum
« the number and type of different observations associated with the datum

All data within COLUMBUS are logically linked with the datum that was active at the time of entry or when
the project file was loaded.

Each station name can have up to six station coordinate types: Geodetic, Cartesian, State Plane, UTM,
Local NEUE and Height. Depending on the available system memory, COLUMBUS can work with
thousands of unique station names.

The first datum presented is the active datum for the current project. Click on the PREV or NEXT buttons
to scroll through all datums and their attached data configured in COLUMBUS. Each datum is presented in
alphabetical order.

File Wiew Data Metwork Resuts Tools Options Window Help

eeeee

Geodetic: 17

Cartesiar: 17 Hor. Distance: 0
State Plane: 17 Geodesic o
UTM: 17 Geo. Chard: ]
Local NELE: 5 Delta : &
Height: 17 Delta ¥ Ell

Delta Z: kil

Totak Height Dif o

Delta M. a

Delta E: a

Delta Lp: o

22 Latitude: ]

Longitude: a

Height: o

Totat 128

LAPLATA
CHANEY
For Help, press F1 |30 Geodetic view M 37-15-53.2 W 108-08-55.4 [Elip Hat  |WGs 64 |Degrees [Meters

For example, the figure above shows that the data associated with the WGS 84 datum (in the project for
our BIGBASIN.TXT network) consists of:

* 17 geodetic stations

* 17 cartesian stations

* 17 State Plane stations
17 UTM stations

* 5 Local NEUE stations
* 17 height type stations
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+ atotal of 126 observations of mixed type

After a file is opened, this command can be invoked to verify the contents in the project.
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Create XML File

The FILE - CREATE XML FILE command allows you to write all COLUMBUS station and observation data
into an XML file. This file type can be parsed using any of the available tools used for parsing XML (e.g.,
MSXML parser, Xerces Parser, etc.)

Extracting data from XML files is generally performed by an individual familiar with one or more software
programming languages.

2-26 Copyright 1998-2009 Best-Fit Computing, Inc.



Printing Files

The FILE - PRINT option allows you to send the contents of the active view to a standard printer device.
This command presents a Print dialog box, where you may specify the range of pages to be printed, the
number of copies, the destination printer and other printer setup options.

Print Dialog Box

The Print dialog box provides the following options which allow you to specify how the project should be
printed:

Printer This is the active printer and printer connection. Choose the Setup option to
change the printer and printer connection.

Setup Displays a Print Setup dialog box, so you can select a printer and printer
connection.

Print Range Specify the pages you want to print:
All Prints the entire project.

Pages Prints the range of pages you specify in the From and To boxes.

Copies Specify the number of copies you want to print for the above page range.

Collate Copies Prints copies in page number order, instead of separated multiple copies of
each page.

Print Quality Select the quality of the printing. Generally, lower quality printing takes less time
to produce.

Printing Dialog Box The Printing dialog box is shown during the time that COLUMBUS is sending
output to the printer. The page number indicates the progress of the printing.

To abort printing, choose Cancel.

Print Preview Command

Use this command to display the current view as it would appear when printed. When you choose this
command, the main window will be replaced with a print preview window in which one or two pages will be
displayed in their printed format. The print preview toolbar offers you options to view either one or two

pages at a time; move back and forth through the view; zoom in and out of pages; and initiate a print job.

Print Preview Toolbar

The print preview toolbar offers you the following options:

Print Bring up the print dialog box, to start a print job.
Next Page Preview the next printed page.
Prev Page Preview the previous printed page.
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One Page/Two Page
Zoom In
Zoom Out

Close

COLUMBUS - BIGBASIN. TXT

Fint Mewt Page | Prex Page

Preview one or two printed pages at a time.
Take a closer look at the printed page.

Take a larger look at the printed page.

Return from print preview to the editing window.

EEIX]

T Pone |[[ZZ66mIA ] Zoom Out

Close

il

Print Setup Command

|30 Geodetic iew M 37-15-28.9 W 108-02-11.4 [ElipHgt |WGS 84 |Degrees [Meters

Use this command to select a printer and a printer connection. This command presents a Print Setup
dialog box, where you specify the printer and its connection.

Print Setup Dialog Box

The Print Setup dialog box provides the following options which allow you to select the destination printer

and its connection:

Printer Select the printer you want to use. Choose the Default Printer; or choose the
Specific Printer option and select one of the current installed printers shown in
the box. You install printers and configure ports using the Windows Control
Panel.

Orientation Choose Portrait or Landscape.
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Paper Size Select the size of paper that the project is to be printed on.

Paper Source Some printers offer multiple trays for different paper sources. Specify the tray
here.
Options Displays a dialog box where you can make additional choices about printing,

specific to the type of printer you have selected.

Network... Choose this button to connect to a network location, assigning it a new drive
letter.
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1,2, 3,4,5, 6 Command

The 1, 2, 3, 4 option allows you to open the last six projects you closed, by using the numbers and
filenames listed at the bottom of the FILE menu. Choose the number that corresponds with the project you

want to open.
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Exit

This option allows you to exit COLUMBUS. This is the only clean method for terminating a COLUMBUS
session and insuring all memory has been restored for other applications. You can also use the Close
command on the application Control menu.

If any changes have been made to the data in the project, a warning message will be given. This will allow
you to save your changes to a data file and then exit.
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General Discussion

Through the View menu, you select the context for what you want to do in COLUMBUS. By
selecting a view, you are teling COLUMBUS what coordinates you want to use for the
computations that will follow. View selection is perhaps the most important decision you will make
for your current project.

From the View menu, you can also set up routes (for traversing, inversing, area computations and network
design layout), hide stations, resize entities (station symbols, station names, error ellipses), zoom in/out,
and establish the numeric sorting behavior in report columns.

If you want to perform a 1D Vertical network adjustment or traverse, you select the 1D Vertical view.

If you want to transform Geodetic coordinates to State Plane, you can either select the 2D Geodetic view
or the 3D Geodetic view. If you want the transformation based on some average project height (for the
purpose of computing the scale factors), you would select the 2D Geodetic view, then enter the average
project height in the OPTIONS - GLOBAL SETTINGS - 2D Height field. If you want the scale factors to
be based on the individual geodetic ellipsoid heights, you would choose the 3D Geodetic view, then select
the OPTIONS - GLOBAL SETTINGS - 3D Geodetic Height (ellipsoidal) field.

Need to compute a 2D UTM traverse? Select the 2D UTM view first, then point and click your traverse
route.

Need to convert ECEF XYZ coordinates to 3D Geodetic, change the view to Cartesian XYZ.
For each of the scenarios described above (and dozens of other scenarios), the view indicates the

coordinates to use during computations. Therefore, those coordinates must be set up in the
project - they are the known coordinates.
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1D Vertical

The 1D VERTICAL command changes the current view context to 1D Vertical. When selected, lines
denoting 1D observations are displayed. This includes Height stations, Height Difference observations and
Local Up observations.

Select this view to perform 1D vertical adjustments and traverses.

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 1D vertical view, no stations have a 2D coordinates. Therefore, all
stations names are drawn in this user selectable color.

COLUMBUS - VERTICAL. TXT
File Wiew Data Metwork Results Tools Options Window Help

For Help, press F1 1D vertical View |ortho Hat [NaD &3 Degress |Meters

To draw the 1D vertical view, COLUMBUS generates its own two-dimensional coordinate system to
facilitate user interaction. The positional layout of the stations will not resemble your survey on the
ground. However, you can see all connected stations and double-click on station symbols or lines to bring
up station or observation data, respectively.
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2D Geodetic

The 2D GEODETIC command allows you to change the current view context to 2D Geodetic. When
selected, 2D geodetic data are displayed. This includes geodetic stations and lines representing applicable
observations.

Select this view to perform 2D geodetic adjustments, traverses and coordinate transformations at an
average project height (set up average project height in the OPTIONS - GLOBAL SETTINGS - 2D Height
field).

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 2D geodetic view, stations with latitude and longitude of zero are
assigned an arbitrary 2D coordinate for drawing purposes.

COLUMBUS - BEAR2D. TXT NEIE
File Wiew Data Metwork Results Tools Options  Wwindow Help

% BEARZD.TXT

a2 — @

For Help, press F1 |2D Geodetic view M 44-26-44.4 W 105-04-55.7 [Ortho Hat [NAD 27 Degress |Meters

2D observations

*  Azimuths

* Bearings

+ Directions

* Horizontal Angles

« Zenith Angles (used only to reduce chord distances to horizontal distances, where appropriate)
* Chord Distances

* Horizontal Distances

* Geodesic Distances

* Geodesic Chord Distances

* Local Delta North, Local Delta East
+ Latitude, Longitude
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3D Geodetic

The 3D GEODETIC command allows you to change the current view context to 3D Geodetic. When
selected, 3D geodetic data are displayed. This includes geodetic stations and lines denoting all 3D
observations.

Select this view to perform 3D geodetic adjustments, traverses and coordinate transformations.

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 3D geodetic view, stations with latitude and longitude of zero are
assigned an arbitrary 2D coordinate for drawing purposes.

M
£
X

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Results Tools Options Window Help

% BIGBASIN.TXT

For Help, press F1 |30 Geodetic view M 37-11-53.0 W 108-03-47.4 [Elip Hat  |WGs 64 Degress |Meters

3D observations

*  Azimuths

* Bearings

» Directions

* Horizontal Angles

« Zenith Angles

*  Chord Distances

*  Horizontal Distances

*  Geodesic Distances

*  Geodesic Chord Distances
* Height Differences

* Local Delta North, Local Delta East, Local Delta Up
« GPSDeltaX,Yand Z

+ Latitude, Longitude, Height
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Cartesian XYZ

The CARTESIAN XYZ command allows you to change the current view context to Cartesian XYZ. When
selected, 3D Earth Centered Earth Fixed Cartesian data are displayed. This includes Cartesian stations
and lines denoting all 3D observations.

Select this view to perform 3D ECEF (earth centered, earth fixed) cartesian adjustments and traverses.

COLUMBUS - BIGBASIN.TXT NEIE
File Wiew Data Metwork Results Tools Options  Wwindow Help

CeH@2ca? Re  HENEEE| v B BSAHm < > 20000 8 R
% BIGBASIN.TXT

For Help, press F1 |ECEF %vz view M 37-15-05.9 W 107-57-01.6 [ElipHat |was 4 |Degrees [Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the Cartesian XYZ view, coordinates that evaluate to a latitude and
longitude of zero are assigned an arbitrary 2D coordinate for drawing purposes.
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State Plane (2D)

The 2D STATE PLANE command allows you to change the current view context to 2D State Plane. When
selected, 2D State Plane data are displayed. This includes State Plane stations and lines denoting all 2D
observations (see 2D Geodetic section for a complete list of valid 2D observations).

Select this view to perform 2D State Plane adjustments, traverses and coordinate transformations at an
average project height (set up average project height in the OPTIONS - GLOBAL SETTINGS - 2D Height
field).

M
£
X

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Results Tools Options Window Help

CeH@ sl Re  HEEEE|v B BSAHm < >]] 20000 8 R

& BIGBASIN. TXT
@ FORT LEWIS

@LaPLATA

For Help, press F1 [State Plane 2D view M 370417 E 686775 |ortho Hat [was 84 Degress |Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 2D State Plane view, stations with north and east of zero are
assigned an arbitrary 2D coordinate for drawing purposes.
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State Plane (3D)

The 3D STATE PLANE command allows you to change the current view context to 3D State Plane. When
selected, 3D State Plane data are displayed. This includes State Plane stations and lines denoting all 3D
observations (see 3D Geodetic section for a complete list of valid 3D observations).

Select this view to perform 3D State Plane adjustments, traverses and coordinate transformations.

COLUMBUS - BIGBASIN.TXT NEIE
File Wiew Data Metwork Results Tools Options  Wwindow Help

CeH@ sl Re  HEEEE|v B BSAHm < >]] 20000 8 R
% BIGBASIN.TXT

For Help, press F1 [State Plane 30 view M 371447 E 675972 |ortho Hat [was 84 Degress |Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 3D State Plane view, stations with north and east of zero are
assigned an arbitrary 2D coordinate for drawing purposes.
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UTM (2D - Universal Transverse Mercator)

Use this command to change the current view context to 2D UTM. When selected, 2D UTM data are
displayed. This includes UTM stations and lines denoting all 2D observations (see 2D Geodetic section for
a complete list of valid 2D observations).

Select this view to perform 2D UTM adjustments, traverses and coordinate transformations at an average
project height (set up average project height in the OPTIONS - GLOBAL SETTINGS - 2D Height field).

M
£
X

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Results Tools Options Window Help

CeH@ sl Re  HEEEE|v B BSAHm < >]] 20000 8 R
% BIGBASIN.TXT

@FORT LEWIS

@LaPLATA

For Help, press F1 [T 2D view M 4124508 E 238917 |ortho Hat [was 84 |Degrees [Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 2D UTM view, stations with north and east of zero are assigned an
arbitrary 2D coordinate for drawing purposes.
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UTM (3D - Universal Transverse Mercator)

Use this command to change the current view context to 3D UTM. When selected, 3D UTM data are
displayed. This includes UTM stations and lines denoting all 3D observations (see 3D Geodetic section for
a complete list of valid 3D observations).

Select this view to perform 3D UTM adjustments, traverses and coordinate transformations.

COLUMBUS - BIGBASIN. TXT mEE
File Wiews Data Metwork Results  Tools  Options  window  Help

Debda s BN HEE |« BEfSAHw | >|] 4.0 4 |8

% BIGBASIN.TXT

FORT LEWIS

CARBOMN

14
) \
A 27
20
21
15
101
22

23

PLATA

“@cHaNEY

For Help, press F1 [T 3D iew M 4112765 E 249884 |ortho Hat [was 84 |Degrees [Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 3D UTM view, stations with north and east of zero are assigned an
arbitrary 2D coordinate for drawing purposes.
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Local NE (2D - North, East)

The 2D LOCAL NE command allows you to change the current view context to Local North, East. When
selected, Local NE stations are displayed.

Select this view to perform 2D Local NE adjustments, traverses and coordinate transformations at an
average project height (set up average project height in the OPTIONS - GLOBAL SETTINGS - 2D Height
field).

COLUMBUS - BIGBASIN. TXT mEE
File Wiews Data Metwork Results  Tools  Options  window  Help

CeH@2ca? Re  HEEEE|v B BSAHm < >]] 20000 8 R

% BIGBASIN.TXT

@ CARBON

For Help, press F1 [Local ME view M 102429 E 94921 |ortho Hat [was 84 Degress |Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 2D Local NE view, stations with north and east of zero are assigned
an arbitrary 2D coordinate for drawing purposes.
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Local NEE (3D - North, East, Elevation)

The 3D LOCAL NEE command allows you to change the current view context to Local North, East,
Elevation. When selected, Local NEE stations are displayed.

Select this view to perform 3D Local NEE adjustments, traverses and coordinate transformations.

COLUMBUS - BIGBASIN. TXT mEE
File Wiews Data Metwork Results  Tools  Options  window  Help

CeH@2ca? Re  HEEEE|v B BSAHm < >]] 20000 8 R

% BIGBASIN.TXT

@ CARBON

For Help, press F1 [Local MEUE view | 102304 E 94824 |ortho Hat [was 84 Degress |Meters

Station names which have no available 2D coordinates (for viewing purposes) can be identified by a
customizable color. The color for Station Names With Coords Of Zero can be changed within the
OPTIONS - COLORS dialog. For the 3D Local NEE view, stations with north and east of zero are assigned
an arbitrary 2D coordinate for drawing purposes.
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Setup COGO/Design Route

The SETUP COGO/DESIGN ROUTE option allows you to create, edit, and save existing routes. A route is
simply a sequence of stations. Once a route has been defined, it can be used for COGO (inversing and
traversing), network design observation definition, or area computations (depending on the view context).

One way to establish a route is by successive point-and-click (right mouse button) operations on the
applicable stations. COLUMBUS will then show a line between adjacent (selected) stations to provide a
visual of the selected route.

You can also establish a route within this dialog.

File Wiew Data Metwork Resuts Tools Options Window Help

IeH@ sl o - HEEE v B BSAHm < > JLLE= o 8RR

Setup or, modify the route for traversing, area calcs or design layout

The list on the left contains the names of all applicable stations for the route context (1d, 2d, 3d traverse, area
calos or design lapout ] The right side st is the cunent selected route. Insert or delete stations in the right list

Available Stations -~

ation Route S squence
1o Insert Before >> 13
102 FORT LEWAS
20
12 Insert After 3> 22

14 13

rrrrrrr

Existing Routes | Activate Route
Add Route

Update Route

Delete Route

Floute Name: [Simple loop (18 FORT LEWIS. 2022, 19

Helo Cancel

T

For Help, press F1 [30 Geodetic view M 37-16-04.9 W 108-05-48.6 [Ellip Hat  [was 84 Degrees [Meters

The Available Stations list contains all the station names applicable to the current view context (1D
Vertical, 2D Geodetic, 3D Geodetic, 2D State Plane, 3D State Plane, etc).

The Station Route Sequence list will be empty if no route has been set up. If you created a route using
your mouse, then entered this dialog, this list will show each station in the order you established.

To add a new station to the Station Route Sequence list, do the following:

1. Highlight the station in the Station Route Sequence list (if any exist) for which you want the new sta-
tion to be adjacent.

2. Highlight the station in the Available Stations list that you wish to add.

3. Invoke either the Insert Before or Insert After button to add the new station either before or after the
station highlighted in the Station Route Sequence list.
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To remove a station from the Station Route Sequence list, do the following:

1. Highlight the station to remove in the Station Route Sequence list.
2. Invoke the Remove button.

Using the steps above, you can modify an existing route or create a completely new route from within this
dialog. When you close the dialog, the view will be updated (lines drawn between adjacent stations) to
reflect your route changes.

Once a route has been defined, it can be also be saved within your project file for future use. When your
project file is loaded, you simply enter this dialog and select the route you want to activate.

To save one or more routes within your project file, do the following:

1. Define a route within this dialog or by using the right mouse button (as described above).
Enter this dialog, enter a route name, then invoke the Add button to add the route to the Existing
Routes list.

3. If the route already exists in the Existing Routes list, and you want to update that route (perhaps add-
ing additional stations or removing stations from the route), use the Update button.

4. Click OK to exit this dialog, then select the FILE - SAVE or FILE - SAVE AS command to save your
project. All routes that have been defined in this dialog (and given a route name) will be written into
your project file (for future use).
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Clear COGO/Design Route

The CLEAR COGO/DESIGN ROUTE option allows you to clear the coordinate geometry (COGO),
Network Design, or Area Computation route.

If this menu option is unavailable, no route has been established for the project's active datum.
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Hide Station(s)

The HIDE STATION(S) option allows you to hide selected stations from the current view. This is especially
useful when trying to zoom in on a small portion of a project when there are other stations that are very far
from the stations of interest. By hiding the stations that are far away from the area of interest, you will be
able to zoom into the area of interest with greater detail.

OLUMB BIGBASIN. TX
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D@ st BEanHEBEENER|« B8 ARHwS|[< >|] 240485 B8

CARBON

12
e
Select One or More Stations To Hide E

E]

Station Ok I
Cancel
Help.

Select All
Select Nane

[T [ ] [P
NENEEEmE=naS
omZ

CaRBOMN
CHANEY
FORT LEWIS
LA PLATA

" cHANEY
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To hide a station, select the HIDE STATION(S) command from the VIEW menu. COLUMBUS will display
all the available station names within a pick list. Station names are listed in alphabetical order. Lower case
characters have lower priority in the alphabetical listing. Station names that consist of numbers (i.e., 1001,
110, etc.) will not be in order by their magnitude, but rather in order according to their characters (i.e., “0”,
“17, “2”, etc.).

To select all stations, click Select All. To deselect all stations, click Select None. After selecting all the
applicable stations, click OK. The selected stations will no longer be visible in the view. Note: The selected
stations have not been removed from the project, they are only hidden from view. Use the Zoom In feature
to more closely look at the remaining visible stations.

To unhide a station, again select the HIDE STATION(S) command from the VIEW menu. Select the
station(s) to unhide by un-highlighting them. To de-select all stations, click Select None. After selecting all
the applicable stations, click OK. The unhidden stations will again be visible in the view.
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Resize Entities

The RESIZE ENTITIES option allows you to resize station symbols, station names and error ellipses/1D
error intervals (error ellipses/1D intervals are only applicable to the Network Adjustment or Network Pre-
Analysis graphical view).

If this menu option is unavailable, no data has been entered or loaded for the active project.
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Use the slider bars to make the entities smaller or larger by moving the slider bar to the left or right. The
slider bars move independently of each other.

To eliminate an entity from the view, move the slider bar all the way to the left (i.e., to its lowest setting).
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Sort By Absolute Value

When this menu item is checked, a selected numeric column (in a report list), will be sorted by the absolute
value of the numerics in that column. If there are five rows in the column, with numbers -3.1, 7.0, 0.0, -9.7,
4.2, they will be sorted (when in ascending order) as: 0.0, -3.1, 4.2, 7.0, -9.7.

If this menu item is not checked, those same numbers would be sorted (when in ascending order) as: -9.7,
-3.1,0.0, 4.2, 7.0.
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Zoom In

The ZOOM IN option allows you to zoom in on the graphical view.

To zoom in, enable the zoom in mode by selecting the Zoom In command from the VIEW menu or click on
the magnifying glass icon on the Toolbar. Click on the view area where you want the zoom centered. The
view will then zoom in a small amount.

You can also draw a zoom box around the desired area by holding down the left mouse button and
dragging the mouse to draw a box. Release the left mouse to zoom in.

To turn off the Zoom In mode, select the VIEW - ZOOM IN command or the Zoom In toolbar button to
toggle it off.

COLUMBUS - BIGBASIN. TXT

File Wiew Data Metwork Resuts Tools Options Window Help

% BIGBASIN.TXT
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Zoom Out Partial

The ZOOM OUT PARTIAL option allows you zoom out partially (roughly 10%) from the current zoom level.

To zoom out partially, enable the zoom out partial mode by selecting the Zoom Out Partial command from
the VIEW menu or click on the smaller exploding arrows icon on the Toolbar. Click on the view area where
you want the zoom centered. The view will then zoom out a small amount.

To turn off the Zoom Out Partial mode, select the VIEW - ZOOM OUT PARTIAL command or the Zoom Out
Partial toolbar button to toggle it off.
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Zoom Out Full

The ZOOM OUT option allows you to restore the graphical view to its original size.

To zoom out, select the Zoom Out command from the VIEW menu or click on the larger exploding arrows
icon on the Toolbar. The graphical view will return to its original size.
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Toolbar

The TOOLBAR option allows you to display and hide the Toolbar, which is displayed across the top of the
application window, below the menu bar. The toolbar provides quick mouse access to many tools and
commonly used commands in COLUMBUS, such as FILE - OPEN. A check mark appears next to the
menu item when the Toolbar is displayed.

mEE

To hide or display the Toolbar, choose Toolbar from the VIEW menu.

The following options are available from the Toolbar:

Click to Open a new document.
=]

Open an existing document. COLUMBUS displays the Open dialog box, in which you can locate and
open the desired file.

Save the active document with its current name. If you have not named the document, COLUMBUS
displays the Save As dialog box.

Print the active document.

A
U]

Zoom Out on the current view.
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2]

Zoom In on the current view.

i

*A

Resize view entities (station symbols, names and error ellipses/1D error intervals).

]

Select next COGO/Area/Design station.

=]

Select observation type and Standard Deviation for Design Leg.

=

Select network stations.

Select fixed network stations.

[=]

Select network observations.

[0

Start network adjustment.

++

Restore original width for all columns.
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Enter/select a report file.

El

Select adjusted stations to keep.

=

Switch context result types.

4]

Toggle between Chi Square and ‘F’ multiplier.

Tl

View fixed station details for selected combination.

Change decimal place for viewing.

Set up network adjustment and network pre-analysis options.

Go to previous item.

Go to next item.
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Compute 1D vertical inverse.

Compute 2D mean bearing inverse.

Compute 2D geodetic inverse.

Compute 3D local NEU inverse.

Compute 3D ECEF XYZ inverse.

Compute 3D astro geodetic inverse.

Compute 1D, 2D or 3D geodetic traverse.

]

Compute area for the selected polygon.

3-26
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A7

Context-sensitive Help.
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Status Bar

The STATUS BAR option allows you to display and hide the Status Bar, which is displayed at the bottom of
the COLUMBUS window. A check mark appears next to the menu item when the Status Bar is displayed.

ForHelp. press F1 M 37-03-33.6 W 107-38-29.4 WGES 84 Degrees |hMeters

To display or hide the status bar, use the Status Bar command in the VIEW menu.

The left area of the status bar describes actions of menu items as you use the arrow keys to navigate
through menus. This area similarly shows messages that describe the actions of toolbar buttons as you
depress them, before releasing them. If after viewing the description of the toolbar button command you
wish not to execute the command, then release the mouse button while the pointer is off the toolbar button.

The right areas of the status bar indicate the following:

«  Current view coordinates (including the height type in effect for 3D views)
«  Current active datum

«  Current angular units

«  Current linear units
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Data Editing

The DATA module allows you to add, modify or delete station, observation, and datum data currently in the
project through an assortment of intuitive spreadsheet like grids. A complete project can be entered
using these grids or by creating your project within an ASCII (Text) input file.

You can also disable individual observations. Observations that are disabled will not be available for use in
Network Adjustments, Network Pre-Analysis, or COGO Traverse computations.

There are three basic data components in COLUMBUS:

STATIONS locations on the ground
OBSERVATIONS measurements between stations
DATUMS ellipsoidal parameters

When entering or editing data, it is very important to work with the units defined in the OPTIONS - UNITS
dialog. If the linear units are set to meters, all linear quantities must be entered in meters, except the major
axis for a datum, which must always be entered in meters. Internally, COLUMBUS converts all linear
quantities to meters and angular measurements to radians. If the selected linear units are U.S. Survey
Feet, COLUMBUS converts all applicable linear data from U.S. Survey Feet to meters before storing them
internally. Upon output, the results are then reported back in U.S. Survey Feet.

Likewise, angular measurements must be made in the active angular units. COLUMBUS currently
supports degrees and grad (or gon) units. See the OPTIONS chapter of this manual for more information
on the supported angular formats.

Keeping track of the input units is easy when using the spreadsheet grids. When you select a cell to edit,
the units of entry are displayed in the upper left corner of the current Tabbed Page.

If you enter a value that is out of range (in a cell), then move to another cell, an error message will be
displayed in the upper left corner of the current Tabbed Page. This message will indicate the proper
numeric (or text) range for the cell you just left. The cell will also be restored to its orginal value
(before the bad data was entered).
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Using The Data Grids

The data grids allow you to quickly enter or modify project data. Each grid serves a specific purpose, but
they are all used in the same way (mouse + keystrokes or keystrokes alone). These grids utilize many of
the same keystroke combinations found in popular spreadsheet software.

Keep and Exit:

After making changes in any grid, select the Keep and Exit button to accept the changes into the project.
Data are not saved to disk until you invoke the File - Save or File - Save As command.

Cancel:

To cancel changes at any time, select the Cancel button. If any data changes have been made in the grids,
you will be prompted with a message asking you if you really want to discard your changes.

When you select Cancel, COLUMBUS looks for any change in the grids. If changes exist (e.g., you added
a new empty row), a scan is made to see if those changes would alter the project. If not (as in this
example), no user prompt is made.

Suppose you opened an observation grid and changed a slope distance from 1300.25m to 1300.255m.
Before closing the grid, you then changed that distance back t01300.25m. If you now select Cancel, no
user prompt will be made, since the project data has not changed.

Add N’ Rows:

New data are always added to the bottom of the grid. You can add new rows by invoking the Add ’N’
Rows button or by repeatedly pressing the ENTER key to move to the last row and then add additional
rows.

The user entered row order is not maintained in COLUMBUS. When the Station, Observation or Datum
grids are activated, the data is always ordered alphabetically by; the AT station name (Stations), the AT,
TO, BS station names (Observations), and the Datum name (Datums).

Empty rows are ignored and removed as soon as you move to another Tab or close the dialogs.
Delete Row:

To delete a row of data from the project, clear out all fields on that row. When Keep and Exit is selected,
the data that was on that row will be removed from the project. When you delete a station (using this
method) all observations connected to that station will also be deleted (including horizontal angles that
backsight into the station).

Rename Station or Datum:

To rename a station, open the Station Tabbed dialogs and select any one of the Station Tabs (Geodetic,
State Plane, etc). Change the desired station name (modify its text). The new name must not match any
other station name currently in the grid or you will get an error message. When the Keep and Exit button
is selected, the name will be changed in the project. All observations linked to that name will also be
automatically updated.

To rename a datum, follow the same process.
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Adding Similar Rows Of Data:

When adding several rows of data (for which many fields are identical) use copy/paste. First, add several
blank rows to the grid. Second, using your mouse or keystrokes, highlight the entire row of data you wish to
replicate. Use Ctrl + C to copy the row. Move to the beginning (first cell) of the first blank row and perform
a paste Ctrl + V. Move to each additional blank row and paste the data in the same way. Make specific
edits to the fields that are different.

When doing this operation within the Station or Datum grids, you will not want to add the station name (first
cell in each row) to the copy/paste operation. If you do, you will get a duplicate name message after each
paste. Instead, copy the 2nd thru n cells of each row (skipping cell 1 of each row.)

Column Widths:

You can change the width of any column. These changes are remembered by COLUMBUS.

Column Sorting:

You can perform column sorting by clicking on the desired column header. This will sort all rows based on
the items in that column. Click on the column again to reverse the sort.

When sorting columns that contain Real numbers, you can sort by the abolute value by first enabling the
VIEW - SORT BY ABSOLUTE VALUE command.

Keystroke Naviagtion Summary

Below is a list of the most commonly used keysrtoke combinations. You may discover that exclusive use of
the keyboard (no mouse) is more efficient when entering large amounts of data.

Cell Modes:

Edit Mode When editing a cell

Entry Mode When on a cell, but not in edit mode
Navigation:

Ctrl + PgUp Next Tab page to the left

Ctrl + PgDn Next Tab page to the right

Ctrl + Tab Next Tab page to the right

Ctrl + Shift + Tab Next Tab page to the left

Tab Move to cell to right (Edit Mode)
Shift + Tab Move to cell to left (Edit Mode)

End Move to last cell in row (Entry Mode)
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Home

Up Arrow
Down Arrow
Ctrl + Home
Ctrl + End

Alt + K

Select and Edit:
Alt + A

Alt + Space
Ctrl + Space
Shift + Space
Ctrl + A

Ctrl + Left Click
Ctrl+C

Ctrl + X

Ctrl + V

Ctrl +°

Shift + Left Arrow

Shift + Right Arrow

Shift + Left Mouse Click

Move to first cell in row (Entry Mode)
Move up one cell

Move down one cell

Move to upper left corner of grid
Move to lower right corner of grid

Keep changes and exit (Entry mode)

Add a row (Entry mode)

Window menu

Select entire column

Select entire row

Select all cells

Select multiple cells

Copy content of selected cells

Cut content of selected cells

Paste clip board to cells

Copy contents of cell above (Entry mode)
Select multiple continuous cells to the left
Select multiple continuous cells to the right

Extend selection to selected cell

Shift + End Select current cell and all cells to its right

Shift + Home Select current cell and all cells to its left

Shift + PgUp Select current cell and all cells above

Shift + PgDn Select current cell and all cells below

Del Delete contents of selected cells (Entry mode)

Del Delete current character (Edit mode)

4-6 Copyright 1998-2009 Best-Fit Computing, Inc.



End
Home
Enter
Esc
Esc
Bksp

Bksp

Move to right side of cell (Edit mode)

Move to left side of cell (Edit mode)

When in Edit mode, changes to Entry mode
Exit grid and abandon changes (Entry mode)
Abandon cell changes (Edit mode)

Delete cell contents (Entry mode)

Delete character to left (Edit mode)
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Creating A Project From Scratch

To use the data entry grids to create a project from scratch, do the following for optimal efficiency.

1.

2.

Create a new project (File - New) and select the datum to be active in the OPTIONS - DATUMS dialog.

Setup the view. If this will be a State Plane coordinate based project, set the view to State Plane (2D or
3D). For a Geodetic coordinate based project, set the view to Geodetic (2D or 3D), etc.. This step
allows COLUMBUS to automatically generate coordinate stations when you enter observations
(below).

If this is a State Plane, UTM (3TM, TM), or Custom Projection based project, select (or set up) the
zone in the applicable OPTIONS dialogs. If this is a Local NEE project, set up the approximate latitude
for the project in the OPTIONS - GLOBAL SETTINGS dialog.

Enter the applicable DATA - OBSERVATIONS tabbed dialog (Horizontal Angle Set, Direction Set,
Azimuth Set, etc.) and begin entering station names (AT, TO, BS) and the observation data. Be sure
to be consistent with your station names when referring to the same point on the ground. A
station name of TOP is not the same as Top (these are two different station names). COLUMBUS
station and datum names are case sensitive.

If an observation was not measured (for example a chord distance), leave the observation field blank.
After entering several observations, select the Keep and Exit button. Stations referenced by the
observations will be created automatically. If the active view was set to State Plane (3D), then State
Plane stations will be created.

Edit any station for which you have known coordinates (usually just your control stations).

Save your project using the File - Save command to prevent accidental loss of changes.
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Editing Station Data

The DATA - STATIONS dialogs allow you to edit positional data for any station. COLUMBUS supports the
following types of station data for any unique station name:

Geodetic Latitude, longitude, height, etc.

Cartesian Earth Centered Earth Fixed XYZ

State Plane North, east, ortho height

UTM North, east, ortho height

Local NEUE North, east, up, orthometic height

Height Vertical for leveling projects (orthometric or ellipsoidal)
Description Text up to 40 characters to describe the station

The station type you use will depend on your computational requirements. The geodetic station type is
used for 2D and 3D geodetic networks. If you have ECEF (Earth Centered Earth Fixed) Cartesian, State
Plane, UTM or Local NEUE stations and wish to use them in a geodetic network, they can be transformed
to geodetic within the TOOLS module. The height station type is only applicable to 1D vertical networks.
The seven types of station data are described on the following pages.

Removing an entire station row (in any of the station grids) deletes that station from the project.
This will also result in all observations connected to this station being deleted. If you only want to
delete the State Plane coordinates for station AAA, then only clear out the coordinate fields and not
the station name. Of course if you make a mistake, simply Cancel out of the dialog.
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Editing Geodetic Station Data

These stations are defined by Geodetic coordinates (latitude, longitude, orthometric height, geoidal height,
ellipsoidal height, and deflection of the vertical in the north-south and east-west directions). Each
component has a corresponding standard deviation field.

Because COLUMBUS uses one input screen dialog box for all types of Geodetic station applications,
some cells may not be applicable to your needs. If a cell is not supplied by you, COLUMBUS will put in a
default value of zero or near zero for standard deviations.

(- [

File Wiew Data Metwork Resuts Tools Options ‘Window Help

NeE@cxa? Fe HEHEER|oc B @sARms|< >]] 242 v 8K

Add or Modify Station Data.

Geodefic | ECEF Cartesian | State Plane | UTM | Local NEUE | Height | Descriotion |

Add Station

Row Skation Lat (-south} Lat 5O Lon {-west) Lon 5D Ortho Hat Ortho Hat S0 | Geoid Hat Geoid Hat 50 ‘ Ellip Hat ‘ Ellip
1 101 370743249495 0.04114 -107.5330041567 0,06585 3029.56026 0.18061 -18,9795 0.00001 3010.88476 0.1%
2 10z 37.0614937219 0.03483 -107.5516131571 0.04752 2956.53145 0.14543 -19.0561 0.00001 2937.47535 0.1«
3 103 37.0506e022817 0.03744 -107.541314431% 0.04248 2762.40867 017176 -19.1704 0.00001 2743.23827 0.17
4 1z 37.133290183 0.02058 -107.5557357644 0.0431 2072.08911 0.02814 0. 0.00001 2072.08911 0.0
5 14 371348199659 0.013 -107.5840180111 0.02246 2191.49517 0.02138 0. 0.00001 2191.49517 0.0
& 15 37.0826e494702 0.01685 -108.0120273103 0.03815 2303.01%62 0.02321 0. 0.00001 2303.01562 0.0
7 15 37.0538039261 n.0zz25 -107.5855854952 0.04164 2258.65372 0.05114 -19.023 0.00001 2239.63072 0.0
8 19 371517219071 0.0186 -108.0515774441 002912 2373.45125 0.02658 0. 0.00001 2373.45125 0.0
El =) 371129828260 0.01707 -108.0400769594 0.03075 225z.61611 0.0243 0. 0.00001 2252.61611 0.0
10 21 37.1119139024 0.02023 -107.59327076587 0.04438 2519.14479 0.03179 -18,36%4 0.00001 2500,77939 0.0
11 22 37.0641135638 0.01978 -108.0756333493 0.04374 2028.95307 0.02974 o 0.00001 2028.95307 0.0z
12 23 37.0538468091 0.021 -108.0435031038 0.05085 2054.10262 0.03337 o 0.00001 2084.10262 0.0
13 27 37.1212394599 0.01893 -107.5155150254 0.03108 2025.98036 0.03095 -18.5134 0.00001 2007 46696 0.0
14 CARBON 37.135609168 0.001 -107.533612965 0.001 2391.2372 0.001 -18.2602 0.00001 2372.977 .01
15 CHANEY 37.011131526 0.001 -107 561444698 0.001 2143.2656 0.001 -19.4056 0.00001 2123.86 .01
16 FORT LEWIS 37.15433) 0.001 -108. 576 0.001 {3 0.001 -17.761 0.00001 2427.999 .01
< | >
MOTE: Ta delete a station and all connected observations, clear all the fields in the row. To delete just the station coordinates, clear only the fields to the right of the station name.

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network (shipped with COLUMBUS), the known coordinate data for control station
LA PLATA is highlighted above. Other sample projects using this coordinate type include: GEO.TXT,
MIXED.TXT, GPSONLY.TXT, TERRONLY.TXT, GEO_TRAV.TXT, BEAR2D.TXT and BIGBASIN_NET.TXT.

When you move to another Tab or invoke the Keep and Exit button, COLUMBUS will notify you if the three
height components are inconsistent for any station. If they are inconsistent, you will then be prompted for
the height component to modify to maintain the general relationship:

ellipsoidal height = orthometric height + geoidal height

4-10 Copyright 1998-2009 Best-Fit Computing, Inc.



Editing ECEF Cartesian Station Data

These stations are defined by an Earth Centered Earth Fixed (ECEF) Cartesian X, Y and Z coordinate and
are usually provided by GPS measuring equipment. Cartesian coordinates can easily be transformed to
3D geodetic coordinates in the TOOLS module.

__ COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

NeE@cxa? Fe HEHEER|oc B @sARms|< >]] 242 v 8K
- BIGBASIN. TXT

Add or Modify Station Data

Geodelic  ECEF Cartesian | State Plane | UTM | Local NEUE | Height | Description |

Alpha-numeric text
Add Station

Row _|station % #3D ¥ ¥ 5D z zsp

1 101 -1564504.939245 000594 -4847446.01137 001975 39306060487 0.01296

2 102 -1567885.69262 D034 -4945148.63954 001331 | 3828389.81008 0.00879

3 103 -1566751.56815 000346 -4949699.60184 001764 | 3926577.3407 001161

4 1z -1566129.63391  D00L74  -4839414.71329 000077  3838632.118 0.00056

s 14 -1569890.93107 000049 -4837997.01724 000037 | 3839078.42194 0.00027

3 15 -1575526,22497  DO0L36  -4942563,50785 000054 | 3831241.97523  0.00038

7 16 -1573159.85177 000174 -4946576.28174 000184 | 3827061.25977 0.00127

a 19 -1578695.93145 000082 -4833535.53169  0.0006 394197412894 0.00048

9 EN -157oze3 94197 00009 -4938050.73103  0,00053 3B35716.98995 0.0004

|zl -1572057.66598 000186 -4940475.25343  0.0009 3935604.38911 000063

11 ez -1585365.97126 0.0018 -4841185.37265 0.00082 3828486.02697 0.00057

1z 23 -1581015.87452 0.00242 -4843880.35075 0.00104 3826978.00539 0.00068

13 27 -1560891.04884 0.00094 -4842631.62931 0.00076 3836614.40542 0.00058

14 |CARBOM 156275677131  0.00001 -4840303.20553  0.00001 3839382.105 0.00001

15 |CHANEY  -1573617.11801  0.00001  -4851541.75793  0.00001 3820427.44743  0.00001

16 |FORTLEWIS -1573401.9535  0.00001  -4834794.60253  0.00001 3842047.79543 0.00001

17 |LAPLATA 158966624219  0.00001 484485532241  0.00001  3821943.31508  0.00001

<) |3
NOTE: To delete a station and all connected observations, clear all the fields in the row. To defete st the station coordinates, clear only the fields ta the right of the station name

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network, the adjusted coordinates were transformed to Cartesian coordinates.
Station 20 is highlighted above.
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Editing State Plane Station Data

These stations are defined by a State Plane (or Custom Projection) North, East and Orthometric Height
coordinate.

' COLUMBUS - BIGBASIN.TXT

File YView Data MNetwork Resufs Tools Options Window Help
DE &2 x P EFolHHEREBXB|lo ERSAHwWS|< S| 248588
i BIGBASIN.TXT

Add or Modify Station Data

Geadelic | ECEF Catesian  State Plane | UTM | Lacal MEUE | Height | Deseription |

Alpha-tumeric text
Add Station
Row | Station Horth East Ortho Hat |
1 101 358797.74389 7OIG92.67396 0.
2 102 356143.58426 69920423248 0,
3 103 353979.59867  700704.35394 0,
4 1z 369669.04474 69853623014 0,
s 14 370244.00524  694536.14328 0,
3 15 360435.71693 69032525086 0.
z 16 355150.82903 693676.33143 0.
8 19 373251.77504 68486603496 0,
9 20 366193.39874  686521.03016 0.
w et 365664.91391  693121.15918 0,
11 ez 357458.61543 68046269515 0.
1z EENEEEN ss3c0.85185 [e85377.62961 0.
13 o7 IETOI2.75FET  TO4444.91584 0.
14 |CARBOM 37029193903 |7O2036.91517 0.
15 |CHAMEY  |348901.914 604555.17003 |0
16 |FORTLEWIS 373907.68525  |690307.46225 0.
17 |LAPLATA  |345417.58008  |677291.05246 0.
NOTE: To delete a station and all connected nbservations, clear all the fields in the row. To delete just the station coordinates, clear only the fields to the right of the station name.

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network, the adjusted geodetic coordinates were transformed to State Plane
coordinates. Station 23 is highlighted above. Other sample projects using this coordinate type include:
STATEPLANE.TXT and STATEPLANE_TRAV.TXT.
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Editing UTM Station Data

These stations are defined by a UTM, TM, 3TM, (or Custom Transverse Mercator Projection) North, East
and Orthometric Height coordinate.

' COLUMBUS - BIGBASIN.TXT

File YView Data MNetwork Resufs Tools Options Window Help
DE &2 x P EFolHHEREBXB|lo ERSAHwWS|< S| 248588
i BIGBASIN.TXT

Add or Modify Station Data

Geadelic | ECEF Catesian | State Plane UTH | Lacal MEUE | Height | Deseription |

Alpharhumeric test
Add Station
Row Station Morth East Ortho Hot ‘
1 101 4113062,20303 243114.21787 0.
2 102 4110420,10304 240411.619 0.
3 103 4105245.00014 241902.02163 0.
4 1z 4123954, 326044 239511.6033 0.
5 14 4124549, 29545 235512.82177 0.
& 15 411475722707 23154983052 0.
7 16 4109453.73962 234576.64337 0.
8 19 412760630475 220150.82127 0.
9 20 4120536.17338 227772.01563 0.
10 21 4119995, 14008 234372.79997 0.
11 ez 4111826.49063 221668.12793 0.
1z 23 4109731.96501 226575.5283 0.
13 27 4121287.82548 245707.23209 0.
14 CARBON 4124560.17348 243315.00303 0.
15 CHANEY 410113717217 235716.3416 0.
16 FORT LEWIS 4128235.60754 231598.30425 0.
17 L& PLATA 410379648231 218456.24646 0.
NOTE: To delete a station and all connected observations, clear all the fields in the row. To defete st the station coordinates, clear only the fields ta the right of the station name

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network, the adjusted coordinates were transformed to UTM coordinates. Station
14 is highlighted above. Other sample projects using this coordinate type include: UTM.TXT and
UTM_TRAV.TXT.

Copyright 1998-2009 Best-Fit Computing, Inc. 4-13



Editing Local NEUE Station Data

These stations are defined by a Local Horizon North, East, Up and Orthometric Height (Local NEUE)
coordinate system. They are equivalent to a rectangular two-dimensional coordinate system with a vertical
(Z or Up) component (in effect a local 3D horizon coordinate system.) The Orthometric Height field is
used in 3D Local NEE network adjustments. The coordinates (NEU) can be transformed to geodetic if
the point of tangency between the Local NEU plane and the reference ellipsoid is established.

__ COLUMBUS - BIGBASIN.TXT l;lﬂui‘

File Wiew Data MNetwork Results Tools Options Window Help
NeE@gxa? Fe HEHEER|oc B @sARum < >]] 24 2L v 8"
- BIGBASIN. TXT

Add or Modify Station Data

Geadelic | ECEF Cartesian | State Plane | UTM  Looal NEUE | Height | Deseription |

Alpha-tumeric text

Add Station

Row | Station Horth East Ortho Hat Up |
1 101

2 102

3 103

4 1z 101357.08876 | 99967,55418 | 207208911  4603.76463
s 14 101827.86443 |95952,47864 | 219149517 | 4921.77066
& 15

7 16

8 19

] 20

w et 9723173927 | 94654.01069 | 2519,14473 | 5229.7606
1 |e2

1z |ea

15 G s5574.54327 10594211825 | 2075.98036 | 4736.42408
14 |CARBOM  |102071.18008 |103450.12723 2391.2372 | 510%3.52853
15 |CHAREY

16 |FORTLEWIS

17 |LAPLATA

NOTE: To delete a station and all connected observations, clear all the fields in the row. To delete just the station coordinates, clear only the fields to the right of the station name.

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network, the adjusted coordinates were transformed to Local NEU coordinates.
Station 27 is highlighted above. Other sample projects using this coordinate type include: NEE.TXT and
NEE_TRAV.TXT.
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Editing Height Station Data

These stations are defined by a height component and are used when building 1D vertical (levelling)
networks. If your network is based on differences in ellipsoidal height, the entered station heights should
be based on ellipsoidal height. If your vertical network is based on differences in orthometric height
(elevation - the most common), the entered station heights should be based on orthometric height.

' COLUMBUS - BIGBASIN.TXT

File Wiew Data MNetwork Results Tools Options Window Help
NeE@gxa? Fe HEHEER|oc B @sARum < >]] 24 2L v 8"
* BIGBASIN.TXT

Add or Modify Station Data

Geodelic | ECEF Cartesian | State Plane | UTM | Local NEUE  Height | Description |

Alpha-tumeric text

Add Station

Row | Station Heiaht Heidht 50 |
1 101 3010,88476  0.18061
2 102 293747535 10.14843
3 103 2743.23827 017176
4 1z 207208911 D.0Z614
s 14 2191.49517  0.02138
3 15 2303.01562  0.02321
7 16 2239.63072  0.0S114
a 19 2373.45125  0.02658
3 20 2252.61611 0.0243
|zl 2500.77939  0.03179
1 ez 2028.95307  D.02974
12 |e3 2084.10262  D.03337
13 ECAN =007 45696 0.03095
14 |CARBOM 2372977 0.001
15 |CHANEY 212386  0.001
16 |FORTLEWIS 2427.999  0.001
17 |LAPLATA 1935729 0.001

NOTE: To delete a station and all connected observations, clear all the fields in the row. To delete just the station coordinates, clear only the fields to the right of the station name.

Keep and Exit Cancel Help

A CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.2 W 108-10-35.0 [ElipHgt |WGs 84 |Degrees [Meters

For our BIGBASIN.TXT network, the adjusted height for each geodetic station was copied to the height
station field. The height for station 27 is shown above. Other sample projects using this coordinate type
include: VERTICAL.TXT and TRIGLEVEL.TXT.
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Editing Station Description

Within this Tab you can enter a description (up to 60 characters) to better describe the station.

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Results Tools Options Window Help

D&F L& 2= #IEASSHIEBERNER B8NS AR S| S| 4085 BN

- BIGBASIN.TXT

Add or Modify Station Data

Geodetic | ECEF Cartesian | State Flane | UTM | Local NEUE | Height Deseription |

Alphanumeic text
Add Description

Row |sStation Description
1 101

2 102

El 103

4 1z

5 14

3 15

7 16

8 19

Mear Parker Pass

CHANEY
16 FORT LEWIS

17 L& PLATA

MOTE: To delete a station and all connected observations, clear all the fields in the row. To delete just the station coordinates, clear only the fislds to the right of the station name.

Keep and Exit Cancel Help

"R CHATIEY

|30 Geodetic wiew M 37-16-03.2 W 108-10-35.0 [ElipHot  |was 84 Degrees [Meters

For Help, press F1
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Editing Measured Observations Between Stations

The DATA - OBSERVATIONS tab dialogs allow you to edit existing observations or add new observations.
COLUMBUS allows for the following types of observations between stations:

Type Components of Observation Set

Hor/Zen/Chord Horizontal angle, zenith angle and chord (slope) distance
Dir/Zen/Chord Direction, zenith angle and chord (slope) distance
Az/Zen/Chord Astro-Geodetic Azimuth, zenith angle and chord (slope) distance
Bear/Hor Dist Bearing and horizontal distance

Height Diff Height difference between stations

North/East/Up Local delta North, East and Up

Az/Geodesic Geodesic azimuth and geodesic distance

Az/Geo Chord Geodetic azimuth and geodetic chord distance

Geo Coordinates Geodetic coordinates

GPS XYz GPS delta XYZ baseline

COLUMBUS allows for any number of observation between stations. If a complete observation set is
not applicable, leave the unwanted observation fields empty. For example, if only a zenith angle was
measured between station ABC and EFG, enter the zenith angle (and its standard deviation) and leave the
remaining observation fields blank. If you need to enter a zenith angle and/or chord (slope) distance
between two stations, you can use either the Az/Zen/Chord, Dir/Zen/Chord or Hor/Zen/Chord observation
set type.

The standard deviation is used to weight each observation. For a network adjustment, the larger the
standard deviation of an observation, the greater the adjustment the observation could receive. The
implication is that the observation is of poorer quality than observations with smaller standard deviations.
Consequently, they should have less influence on the final adjusted coordinates.

Instrument/Target Centering error and PPM corrections are also supported within COLUMBUS.
These corrections are applied during adjustment, pre-analysis, and/or traversing. These errors can be
setup in three places:

1. Globally within the OPTIONS - NETWORK OPTIONS - CENTERING SD's and PPM DEFAULTS
tabbed dialogs. This method will apply the entered values to all observations of the applicable

type.
2. Individually by observation set within the DATA - OBSERVATIONS tabbed dialogs.

3. Within the COLUMBUS ASCII (Text) file using the $CENTERING_ and $PPM_ keywords. This
method allows you to apply the same values to multiple observations. See Appendix A.

Horizontal centering error refers to the expected error by which the instrument and target are misaligned
over the point on the ground. This value is usually very small (within millimeters).

Vertical centering error refers to the expected error by which the measured height of the instrument or
target differs from its true value above/below the point on the ground. Like the horizontal centering error,
the vertical centering error is usually with a few millimeters or less.

Entered centering errors are probagated to the applicable observation standard deviations. This will
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influence the computation results. Centering errors should always be entered in the active linear units.

PPM corrections refer to the expected errors that should be added to the current distance observation
expected errors (standard deviations) in order to arrive at the best standard deviation for the adjustment.
Distance measuring instruments are usually rated at some fixed expected error + a parts per million
correction. The longer the measured length, the larger the correction applied.

PPM corrections should be entered as a unitless PPM value. A PPM of 6.5 should be entered as 6.5.
COLUMBUS will automatically divide this value by one million (1000000.0) before calculating the actual
distance standard deviation correction.

Standard deviation correction due to PPM = (PPM / 1000000) * distance.

4-18 Copyright 1998-2009 Best-Fit Computing, Inc.



Editing Horizontal Angle Observation Data

The following screen displays the fields available for the Horizontal Angle observation set. This
observation set consists of an astro geodetic horizontal angle, zenith angle and chord (slope) distance.
These observations are commonly measured in the field using conventional surveying equipment.

Astro geodetic observations are measured with the instruments leveled in the direction of gravity. They can
be automatically corrected to geodetic observations during network adjustment, if the deflections of the
vertical are known, or can be estimated at the station they were observed. Geodetic observations are
perpendicular to the ellipsoidal normal. The deflection of the vertical is the angular difference between this
normal and the direction of gravity.

' COLUMBUS - BIGBASIN.TXT

File Wiew Data MNetwork Results Tools Options Window Help
NeE@cxa? Fe HEHEER|oc B @sARms|< >]] 242 v 8K
* BIGBASIN.TXT

Add or Modify Observation Data.

Horiz Angle Set | Direction Set | Azimuth Set | Bearing Set | Hot Diff Set | Local NEU Set | Geodesic Set | Geo Chord Set | Geo Coordinate Set | GPS XvZ Set |

Alphanumeric text

Add Obs Set

Row |ATStation  TO Station | BS Station | HorAna Harang 5D | Zenith Zenith SD_| Chord Chord SD_| Chard PPM | Instr Hat | Tara Hat | AT Hor Error| AT v... [0,
1 101 102 27 2080901 S 910731 & 37E0.26  0.025 o 0. o o o 0.
z 102 101 21 77.5323 s 885422 |8 37803 0.025 o 0. o o o 0.
3 102 103 101 99.5417 s 94133 & 2641.38  0.025 o 0. o o o 0.
+ 102 16 101 2142713 |5, 97.0605 & S861.62 0,025 o, 0. o, o, o, o
5 TE - CHANEY 58,2832 3 940413 & 714526 0,025 o, 0. o, o, o, o
[ 103 CHANEY 16 3013121 5 934904 & 9399.51 0,025 o, 0. o, o, o, o
7 16 102 21 52,5018 5. 825645 |8 S661.68 0,025 o, 0. o, o, o, o
8 16 CHANEY 102 94,0604 3 904956 & 8208.97 0,025 o, 0. o, o, o, o
B 21 102 27 64,1608 3 87.502 |8 1132854 |0.025 o, 0. o, o, o, o
10 |27 101 CAREOM (2334001 & 832401 & 368279 0,025 o, 0. o, o, o, o

CHAMEY 47,0354 5. 86,1554 8 9399.49 0,025 0. 0. 0. 0. 0, 0.

< I | L3
Keep and Exit Cancel | Help

WANEY

For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters

You can apply a zenith angle refraction correction or chord distance correction, but do not reduce the
observations to 2D, unless you plan to perform a 2D computation (in which case, COLUMBUS will reduce
the observations automatically). For the best 3D results, measure your instrument and target heights as
carefully as possible.

This horizontal angle, zenith angle and chord distance can be used in both 2D and 3D networks.
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Editing Direction Observation Data

The following screen displays the fields available for the Direction observation set. This observation set
consist of an astro geodetic direction, zenith angle and chord (slope) distance. These observations are
commonly measured in the field using conventional surveying equipment.

Astro geodetic observations are measured with the instruments leveled in the direction of gravity. They can
be automatically corrected to geodetic observations during network adjustment, if the deflections of the
vertical are known, or can be estimated at the station they were observed. Geodetic observations are
perpendicular to the ellipsoidal normal. The deflection of the vertical is the angular difference between this
normal and the direction of gravity.

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

NeE@cza? Fe HEHEER|oc B @sARms|< >]] 24 JE v 8"

| BIGBASIN.TXT

Add or Modify Observation Data

Horiz Angle Set - Ditection Set | Azimuth Set | Bearing Set | Hot Diff Set | Local NEU Set | Geodesic Set | Geno Chord Set | Geo Coordinate Set | GRS %72 Set |

Alphanumeric text
Add Obs Set

Row | AT Station  TO Station | Set Mum Direction | Direction SO | Zenith | Zenith 5D | Chard Chord D chord PP | Instr Hat | Tara b [aT ... [aT .. [10... [T0..,
E 1 37.3030 5.0 932714 |10 1280510 | .007 0 1.5 1.4

< i Tl |
Keep and Exit Cancel | Help

WANEY

For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters

Directions are usually measured in sets. A direction set can have one or more TO stations; the first is
usually the backsight or originating station. A set of directions all have the same originating direction. If you
measure a set of directions at station AAAA on Monday and then return on Tuesday to measure another
set from station AAAA, you should give the new set its own unique Set Number. You can measure up to
100 different direction sets at each station. The direction set number can range in value from 1 to 999999.

You can apply a zenith angle refraction correction or chord distance scale correction, but do not reduce the
observations to 2D, unless you plan to perform a 2D computation (in which case, COLUMBUS will reduce
the observations automatically). For the best 3D results, measure your instrument and target heights as
carefully as possible.
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Editing Azimuth Observation Data

The following screen displays the fields available for the Azimuth observation set. This observation set
consists of an astro geodetic azimuth, zenith angle and chord (slope) distance. These observations are
commonly measured in the field using conventional surveying equipment. The azimuth can be determined
through celestial observation or by inverse computation between two known geodetic stations.

Astro geodetic observations are measured with the instruments leveled in the direction of gravity. They can
be automatically corrected to geodetic observations during network adjustment, if the deflections of the
vertical are known, or can be estimated at the station they were observed. Geodetic observations are
perpendicular to the ellipsoidal normal. The deflection of the vertical is the angular difference between this
normal and the direction of gravity.

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

NeE@cza? Fe HEHEER|oc B @sARms|< >]] 24 JE v 8"
© BIGBASIN.TXT

Add or Modify Observation Data

Horiz Angle Set | Direction Set  Azimuth Set | Bearing Set | Hat Diff Set | Local NEU Set | Geodesic Set | Geo Chord Set | Geo Coordinate Set | GPS vz Set |

Alphanumeric text

Row | AT Station  TO Station | Azimuth Azimuth 50| Zenith Zenith 50| chord Chord 5D Chord PRM | Instr Hat [ Taratat  [AT... [AT ... [10... |

c 73.20 3.0 89.5010  10.0 2250.01  0.006 0 15 1.3

< il ] E|

Keep and Exit Cancel | Help
WANEY
For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters

You can apply a zenith angle refraction correction or chord distance scale correction, but do not reduce the
observations to 2D, unless you plan to perform a 2D computation (in which case, COLUMBUS will reduce
the observations automatically). For the best 3D results, measure your instrument and target heights as
carefully as possible.
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Editing Bearing Observation Data

The following screen displays the fields available for the Bearing observation set. This observation set
consists of a bearing and horizontal distance.

The bearing can be an average bearing between a station pair, in which case COLUMBUS has an optional
switch to rotate it to a true azimuth during a network adjustment; or a bearing which is analogous to a true
azimuth observation, but in quadrant form.

The horizontal distance is a local horizon tangent plane horizontal distance measured from the AT station
to the TO station. It should be based on the sin (zenith angle) x chord (slope) distance measured from the
AT station. It is not a mean horizontal distance; however, for uniform terrain and short distances, there is
little difference between the two.

COLUMBUS - BIGBASIN.TXT ®EE
File Wiew Data MNetwork Results Tools Options Window Help

NeE@cza? Fe HEHEER|oc B @sARms|< >]] 24 JE v 8"
© BIGBASIN.TXT

Add or Modify Observation Data

Horiz Angle Set | Direction Set | Azimuth Set  Bearing Set | Hot Diff Set | Local NEU Set | Geodesic Set | Gen Chord Set | Geo Coordinate Set | GRS %72 Set |

Alphanumeric text
Add Obs Set

Row | AT Station  TOStation | Quadrant | Bearing EBearing 50| Hor Dist Hor Dist SD | Hor Dist PRI | AT Hor Error | TO Hor Error | Description
E Sy 15.1245 8.0 510.02 0.07 0.0

< i 1 =]
Keep and Exit Cancel | Help

WANEY

For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters
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Editing Height Difference Observation Data

The following screen displays the fields available for the Height Difference observation set. This
observation set consists of a difference in height between the AT and TO station pair. This type of
observation is usually obtained through spirit levelling surveys.

The Height Difference Standard Deviation (Stan Dev) field is used to weight each height difference
observation. For 3D geodetic networks, this field is always interpreted as a standard deviation. For
1D vertical networks, this field can be interpreted as the distance between the stations, the number
of setups between the stations or the standard deviation of the height difference observation. How

it is interpreted is dependent on the 1D Vertical Network setting in the OPTIONS - NETWORK OPTIONS -
NETWORK SETTINGS dialog.

COLUMBUS - BIGBASIN. TXT HEE

File Wiew Data MNetwork Results Tools Options Window Help
NeE@gxca? e HHEER|oc B @sARm < >]] 24 2L v 8K
*  BIGBASIN.TXT

Add or Modify Observation Data

Horiz Angle Set | Direction Set | Azimuth Set | Bearing Set  HotDiff Set | Local NEU Get | Geodesic Set | Gen Chord Set | Geo Coordinate Set | GRS %72 Set |
Alpha-numeic et

Add Obs Set

Row | AT Station  TO Station | Hat DIff Hat DIFf SO | AT Vert Error | TO Wert Error | Description |
4.513 0.00%

Keep and Exit Cancel | Help
WANEY
For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters

For 1D vertical networks, the weight for an observation of this type is either:

1
Distance or Setups

(for networks weighted by distance or number of setups) or

1
Standard Deviation 2

(for networks weighted by standard deviation).

The maximum value that can be entered into the standard deviation field is 30.0 meters. When weighting
an adjustment by number of setups or distances, you may need to scale the values to make them smaller.
For example, when using distances that range from 30.0 meters to 1000.0 meters (as a weighting
strategy), you will need to scale them down by at least 100 (to 0.30 to 10.0 respectively).
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Editing Local NEU Observation Data

The following screen displays the fields available for the local horizon NEU observation set. This
observation set consists of a local delta North, local delta East and local delta Up offset from the AT station.
They are based on a local horizon plane tangent to the Earth at the AT station. Occasionally, you may see
GPS baselines expressed in this form.

For short distances (a few hundred meters), the local horizon delta North, delta East and delta Up
observation set from the AT station to the TO station would be similar to a local horizon delta North, delta
East and delta Up observation set from the TO station to the AT station; only the signs will differ. As the two
stations become farther apart, the local horizon tangent planes at the AT and TO stations will be oriented
differently and the observation sets (forward and backward) will differ significantly, but their magnitude will
be the same.

COLUMBUS - BIGBASIN.TXT [ [= ][]
File Wiew Data MNetwork Results Tools Options Window Help

DS 2z ol HElXB|oB @S ARu|< >|] 4 .44 |
- BIGBASIN. TXT

Add or Modify Observation Data
Horiz Angle Set | Direction Set | Azimuth Set | Bearing Set | Hat Diff Set  Lacal NEU Set | Geodesic Set | Geo Chord Set | Geo Coordinate Set | GPS vz Set |

Alphanumeric tert

Add Obs Set

Row | AT Station  TO Station | del Morth delNorth 5D | del East del East 5D | del Up del Up SD_| AT Hor Error | AT Vert Error | TO Hor Errer | T0... | Deseription
525,21 0.005 20,30 0.005 5.03 0.005

WANEY

For Help, press F1 |30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84 |Degrees [Meters

The North, East and Up components can be used in 3D networks. The North and East components can be
used in 2D networks. The Up component can be used in 1D vertical networks.
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Editing Geodesic Observation Data

The following screen displays the fields available for the Geodesic observation set. This observation set
consists of a geodetic azimuth and geodesic distance. These observations are based on the surface
(ellipsoidal height = zero) of the reference ellipsoid. The geodesic azimuth is an azimuth along the
ellipsoidal surface. The geodesic distance is the shortest distance between the two stations along the
ellipsoidal surface.

Most users will not use this type of observation set. However, if you have historical data of this type, you
can integrate these observations into your 2D or 3D network adjustments.

COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

DE &2 x P EFolHHEREBXB|lo ERS AW S| 240588

= | BIGBASIN.TXT

Add or Modify Observation Data

Horiz Angle Set | Direction Set | Azimuth Set | Bearing Set | Hat Diff Set | Local NEU Set  Geodesic Set | Geo Chord Set | Geo Coordinate Set | GPS vz Set |

Alphanumeric text
Add Obs Set

Row | AT Station  TO Station | Azimuth Azimuth SD | Geodesic Geodesic SD_| Description |
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For Help, press F1
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Editing Geo Chord Observation Data

The following screen displays the fields available for the Geo Chord observation set. This observation set
consists of a geodetic azimuth and chord distance. These observations are based on the surface
(ellipsoidal height = zero) of the reference ellipsoid. The chord distance is a true chord distance between
the two stations computed at an ellipsoidal height of zero, and it actually cuts through the ellipsoidal

surface.

Most users will not use this type of observation set. However, if you have historical data of this type, you
can integrate these observations into your 2D or 3D network adjustments.
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For Help, press F1
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Editing Geodetic Coordinate Observation Data

The following screen displays the fields available for the Geodetic Coordinate observation set. This
observation set consists of a Latitude, Longitude and Height. If your adjustment will be based on
orthometric height, provide orthometric height in this dialog. If your adjustment will be based on ellipsoidal
height, provide ellipsoidal height in this dialog.

Coordinate observations are usually obtained from statistical output of prior surveys. This observation type
is generally used to introduce statistical position uncertainty from prior surveys into the current survey
analysis. This observation type is also automatically generated by COLUMBUS when importing
NGS (National Geodetic Survey) OPUS files.
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The variance-covariance matrix (shown here as EE, EN, EU, NN, NU and UU) is used to weight each
coordinate observation in an adjustment. Its diagonal elements (EE, NN and UU) represent the variance of
each observation (lon, lat and hgt, respectively). The square root of the EE, NN or UU variance is the
standard deviation for the lon, lat and hgt observation, respectively. The off-diagonal elements (EN, EU
and NU) are a measure of how the lon, lat and hgt components, respectively, are correlated (i.e., how the
change in lon will affect a change in lat, etc.).

The Geodetic Coordinate observation set can be used in 2D and 3D geodetic networks.

Copyright 1998-2009 Best-Fit Computing, Inc. 4-27



Editing GPS XYZ Observation Data

The following screen displays the fields available for the GPS XYZ observation set. This observation set
consists of an Earth Centered Earth Fixed (ECEF) Delta X, Y and Z vector. As the name implies (ECEF),
these observations are usually based on the origin of the WGS 84 datum (near the center of the Earth).

These types of measurements are made with GPS receivers designed for surveying applications.

The variance-covariance matrix (shown here as XX, XY, XZ, YY, YZ and ZZ) is used to weight each
baseline in an adjustment. Its diagonal elements (XX, YY and ZZ) represent the variance of each
observation (dX, dY and dZ, respectively). The square root of the XX, YY or ZZ variance is the standard
deviation for the Delta X, Y or Z observation, respectively. The off-diagonal elements (XY, XZ and YZ) are
a measure of how the dX, dY and dZ components, respectively, are correlated (i.e., how the change in X

will affect a change inY, etc.).
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For a geodetic network adjustment, the larger the variance-covariance matrix, the greater the adjustment
the baseline may receive. The implication is that the observation set (baseline) is of poorer quality than
observation sets with smaller variance-covariance matrices. Consequently, they should have less

|30 Geodetic iew M 37-16-00.3 W 108-10-40.5 [Elip Hgt  [WGS 84

influence than the better observation sets on the final adjusted coordinates.

The GPS XYZ observation set can only be used in 3D networks.

|Degrees [Meters
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Editing Datum Data

This DATA - DATUMS dialog allows you to add and edit datums within COLUMBUS. COLUMBUS can
maintain up to 250 different datum definitions for each Options Set within the Options Library (See Options
Chapter). These datum definitions can be changed or removed at any time. If you need to restore the
datum definitions shipped with COLUMBUS, simply reenter the datum data (found in the GETTING
STARTED chapter of this manual).
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When adding a new datum or modifying an existing dataum use the following units.

« The Major axis must always be entered in meters.

« The 1/f (f = flattening) is a unitless quantity.

In the screen above, the datum definition for the WGS 84 datum is shown.
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Disable Observations

The DATA - DISABLE OBSERVATIONS dialog allows you to disable one or more observations within
COLUMBUS. Disabled observations can also be set up in the COLUMBUS ASCII (Text) input file by using
the $DISABLE_OBS_POS keywords (see Appendix A). Disabled observations will not appear in the
Observation Selection dialog for network adjustments, network pre-analysis, or COGO traversing.

To disable and observation, check the box in the applicable observation list row. Upon disabling an
observation, the text (in the list) will change color (configured in the OPTIONS - COLORS dialog). The line
(representing the observation) in the graphical view will also change to this configured color.
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You can also disable observations within three of the adjusted report views; the adjusted observations
view, the outlier observations view, and the no-check observations view. To enable a disabled observation,
return to this dialog and uncheck the observation.
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Delete Observations

The DATA - DELETE OBSERVATIONS dialog allows you to delete one or more observations (as a group)
from your project.

To delete one or more horizontal angle observations, click on the Obs Type column to order all
observations by observation type. Select the applicable horizontal angle observations (Hor Ang) to delete,
then click on the OK button.

Selected observations are deleted from memory only. Your project file will not be changed until you re-save
the project.
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Observations can also be deleted within the observation grids. However, this tool may be easier in certain
situations.
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Delete Stations

The DATA - DELETE STATIONS dialog allows you to delete one or more station types from your project.

Stations are deleted by the selected Station Type. To completely remove all traces of a station, put a check
mark next to every possible station type. Then, pick one or more stations and click on the OK button.

If there are no stations of a certain type, that station type check box will be disabled.

When a station is completely removed (all types for that station name), all observations linked to that
station (as a BS, FS, or AT station) will be deleted as well.

Selected stations (and any applicable observations) are deleted from memory only. Your project file will not
be changed until you re-save the project.
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Entire stations or individual coordinate types can also be deleted within the applicable station grids.
However, this tool may be easier in certain situations.
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Network Overview

The NETWORK module allows you to adjust 1D vertical (levelling), 2D geodetic, 3D geodetic, 3D ECEF
XYZ, 2D State Plane, 3D State Plane, 2D UTM, 3D UTM, 2D local NE and 3D local NEE networks.

GPS and terrestrial observations can be used in 3D networks, while most terrestrial observations can be
used 2D networks. For 1D vertical networks, height difference and delta up observations can be used.

Before performing a network adjustment, all network project data (stations and observations) must be
entered (or loaded) into COLUMBUS. There are a variety of ways to get your data into COLUMBUS.
Consult the FILE MANAGEMENT and DATA chapters of this manual for more information.

Before continuing, please review the General Discussion section of Chapter 3 - Views.
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Why Use Network Adjustment

In a perfect world, there would be no random, systematic or blunder errors in measured observations. The
computed coordinates for each station would not require adjustment, because they would be exactly the
same - no matter what path (or course) was used to compute each station.

However, because errors are associated with measurements of any kind, adjustment is necessary to
distribute these errors in the best way possible and to resolve only one coordinate position for each station
in the survey.

Only random errors can be properly distributed in a survey. Systematic and blunder errors should be
corrected (removed) before performing a final network adjustment. The network adjustment process can
often aid in the detection of systematic and blunder based errors, but sometimes it can be difficult to
distinguish between small errors (random, systematic, or blunder errors). Therefore, it is up to the surveyor
to identify systematic and blunder errors prior to adjustment “when” possible. This can usually be
accomplished by testing your equipment against known results and through loop closures (see TOOLS
chapter).

For random errors, the relative amount of adjustment is a function of the expected random error associated
with each observation. An observation with a larger error estimate (as reflected in its apriori standard
deviation), may be adjusted more than an observation with a relatively small error estimate.

For any given network, the amount of adjustment expected should be on the same order of magnitude as
the random errors predicted for the observations. For example, for a 1D Vertical network, if the height
difference between two stations is measured to be 10.000 feet plus or minus 0.003 feet (with an assumed
standard deviation of 0.003 feet), we would expect the adjusted height difference to be within 9.997 and
10.003 feet. If the height difference observation was adjusted by 0.030 feet, we would suspect a mistake in
the error estimate (a priori standard deviation, 0.003 feet) of the observation, or a larger than expected
error in the observation (measurement) itself, or possibly some other contributing error.

For a 2D or 3D networks, if the chord distance between two stations is known to be 10000.000 meters plus
or minus 0.005 meters, we would expect the adjusted chord distance to be between 9999.995 and
10000.005 meters. If the chord distance was adjusted by 0.050 meters, we would suspect a mistake in
either the error estimate (a priori standard deviation of 0.005) of the observation, an error in the
observation itself, or some other contributing error within the network.

Indirect Observations

COLUMBUS adjusts survey networks by the method of Indirect Observations. On each iteration,
COLUMBUS computes corrections to the current coordinate components for each floating station. The
corrections applied to the floating stations should rapidly decrease (on each new iteration) as the system
converges to an optimal solution. When the corrections applied are less than the convergence criteria
established in the OPTIONS - GLOBAL SETTINGS dialog, the adjustment is said to have converged. The
closer the initial approximate coordinates are to their adjusted positions, the faster (less iterations required)
the adjustment will converge to a final solution.

When a network adjustment has converged, the sum of the squared residuals (for all observations)
has been minimized for the network as a whole. Put another way, the random errors have been
optimally distributed throughout the network.
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Guidelines for Solving 1D, 2D and 3D Networks

Simple guidelines should be followed when solving the various network types. They are listed below:
1D Vertical Network

1. Any station held fixed must have a known height. If your network is based on orthometric height
(differences in orthometric height between stations), be sure your control stations are set to
orthometric height values. If your network is based on ellipsoidal height (differences in ellipsoidal
height between stations), be sure your control stations are set to ellipsoidal height values. Most 1D
vertical networks will be based on differences in orthometric height (elevation).

2. COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

3. Networks can be weighted by the distance between stations, the number of setups between stations or
the standard deviation of each observation between stations. The weighting strategy you choose can
be selected in the OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog. You cannot
combine weighting methods within the same network.

If you weight each observation by the distance between stations or the number of setups between stations,
the weight for each observation is equal to:

1 1

or —_—
distance number of setups

Notice that as you increase the distance or the number of setups, the computed weight will decrease,
resulting in possibly more adjustment to the observation.

The maximum value that can be entered into the standard deviation field is 30.0 meters. When
weighting an adjustment by number of setups or distances, you may need to scale the values to
make them smaller. For example, when using distances that range from 30.0 meters to 1000.0
meters (as a weighting strategy), you will need to scale them down by at least 100 (to 0.30 to 10.0
respectively).

If you weight each observation using the standard deviation (i.e., standard deviation of height difference or
of the local delta Up observation), the weight is equal to:

1 1

or -
variance

L. 2
standard deviation

The smaller the standard deviation, the larger the computed weight; therefore, the observation may be
adjusted less.
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2D Geodetic Networks

1.

Any station held fixed must have a known geodetic (latitude and longitude) coordinate. These
components can be entered/modified in the DATA - STATIONS - GEODETIC grid or set up in your
project file using an external text editor. An average project height should be set up in the OPTIONS -
GLOBAL SETTINGS - 2D Height field.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

Terrestrial observations are not corrected for deflections of the vertical, refraction or mark-to-mark
reductions, since these corrections have little or no effect on a 2D adjustment performed at an average
project height. GPS observations are not supported within 2D adjustments.

Zenith angles are only used to correct slope (chord) distances to a horizontal distance. They are not
used in the actual adjustment; therefore, the degrees of freedom will not be affected by their presence.
The horizontal distance is based on the AT station. If a chord distance has been entered without a
corresponding zenith angle, the chord distance is assumed to be a horizontal distance.
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3D Geodetic Networks

1.

Any station held fixed in three dimensions must have a known geodetic (latitude, longitude, orthometric
height or ellipsoidal height) coordinate. These components can be entered/modified in the DATA -
STATIONS - GEODETIC grid or set up in your project file using an external text editor.

Any station held fixed in two dimensions (2D) must have a known latitude and longitude coordinate.
Because the height component (orthometric or ellipsoidal) is allowed to float during adjustment, these
stations are considered to be both floating and fixed.

Any station held fixed in one dimension (1D) must have a known height (orthometric or ellipsoidal).
Because the latitude and longitude are allowed to float during adjustment, these stations are
considered to be both floating and fixed.

When adjusting networks that contain terrestrial observations, corrections due to deflection of the
vertical can be computed if the deflection of the vertical values are provided for each geodetic station
(or approximated for the project). You can assign known deflection of the vertical values within the
DATA - STATIONS - GEODETIC grid or they can be set up in your project file using an external text
editor. Deflection of the vertical values can be modeled in the TOOLS - DEFLECTION MODELING
dialog (using the NGS Deflec99 grid files) for portions of North America. When creating terrestrial
networks, the stations with unknown positions will typically be entered with their latitude, longitude and
height (orthometric, geoidal and ellipsoidal) components equal to zero (since they are unknown). If the
deflections are known or can be estimated for these stations, enter these deflections instead of zeros.
A zero entry instructs COLUMBUS to treat the gravitational normal and ellipsoidal normal as being the
same; thus, no corrections to the field observations (from Astronomic to Geodetic) will be applied. You
can also apply project wide deflection of the vertical corrections by entering the corresponding entries
in the OPTIONS - GLOBAL SETTINGS dialog. In general, deflection of the vertical corrections
should only be applied when using terrestrial observations in a 3D geodetic network based on
ellipsoidal height. To disable the usage of the deflection of the vertical values (if any) in your current
project, enter the OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog and uncheck the
Use Deflec Of Vertical Values checkbox.

When building GPS networks, the receiver post-processing baseline data usually will be extracted
using the FILE - CONVERT THIRD PARTY FILES - GPS RECEIVER FILES option, the TRIMBLE
GEO OFFICE option, or one of the separate file conversion programs downloaded from our web site or
shipped with COLUMBUS. The resulting ASCII (Text) file can be opened directly using the FILE -
OPEN or FILE - APPEND command. Once opened into the project, you will need to modify the
coordinates for all stations being used as control, since the coordinates for each GPS measured
station are usually only approximate. Alternatively, you could edit the last instance of each control
station in the ASCII (Text) file prior to loading the file into COLUMBUS.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

COLUMBUS allows you to perform 3D geodetic adjustments using either orthometric or ellipsoidal height.
If you wish to use orthometric height, set the 3D Geodetic Height option in the OPTIONS - GLOBAL
SETTINGS dialog to Orthometric Height. If you wish to use ellipsoidal height, set the 3D Geodetic Height
option to Ellipsoidal Height. For each geodetic control station, enter the elevation in the Orthometric Height
field and the ellipsoidal height in the Ellipsoidal Height field.
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3D ECEF (Earth Centered Earth Fixed) XYZ Networks

1.

Any station held fixed in three dimensions must have a known ECEF X, Y, Z. These components can
be entered/modified in the DATA - STATIONS - ECEF Cartesian grid or set up in your project file using
an external text editor.

When adjusting networks that contain terrestrial observations, corrections due to deflection of the
vertical can be computed if the deflection of the vertical values are provided for each ECEF XYZ (or
approximated for the project). You can assign known deflection of the vertical values within the DATA -
STATIONS - GEODETIC grid or they can be set up in your project file using an external text editor.
Deflection of the vertical values can be modeled in the TOOLS - DEFLECTION MODELING dialog
(using the NGS Deflec99 grid files) for portions of North America. When creating terrestrial networks,
the stations with unknown positions will typically be entered with their ECEF XYZ components equal to
zero. If the deflections are known or can be estimated for these stations, enter these deflections
instead of zeros. A zero entry instructs COLUMBUS to treat the gravitational normal and ellipsoidal
normal as being the same; thus, no corrections to the field observations (from Astronomic to Geodetic)
will be applied. You can also apply project wide deflection of the vertical corrections by entering the
corresponding entries in the OPTIONS - GLOBAL SETTINGS dialog.

When building GPS networks, the receiver post-processing baseline data usually will be extracted
using the FILE - CONVERT THIRD PARTY FILES - GPS RECEIVER FILES option, the TRIMBLE
GEO OFFICE option, or one of the separate file conversion programs downloaded from our web site or
shipped with COLUMBUS. The resulting ASCII (Text) file can be opened directly using the FILE -
OPEN or FILE - APPEND command. Once opened into the project, you will need to modify the
coordinates for all stations being used as control, since the coordinates for each GPS measured
station are usually only approximate. Alternatively, you could edit the last instance of each control
station in the ASCII (Text) file prior to loading the file into COLUMBUS.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.
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2D State Plane Networks

1.

Any station held fixed must have a known State Plane (grid north and east) coordinate. These
components can be entered/modified in the DATA - STATIONS - STATE PLANE grid or set up in your
project file using an external text editor. An average project height should be set up in the OPTIONS -
GLOBAL SETTINGS - 2D Height field.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

Terrestrial observations are not corrected for refraction or mark-to-mark reductions, since these
corrections have little or no effect on a 2D adjustment performed at an average project height.

GPS observations are not supported within 2D adjustments.

Zenith angles are only used to correct slope (chord) distances to a horizontal distance. They are not
used in the actual adjustment; therefore, the degrees of freedom will not be affected by their presence.
The horizontal distance is based on the AT station. If a chord distance has been entered without a
corresponding zenith angle, the chord distance is assumed to be a horizontal distance.
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3D State Plane Networks

1.

Any station held fixed in three dimensions must have a known State Plane (grid north, east and
orthometric height) coordinate. These components can be entered/modified in the DATA - STATIONS -
STATE PLANE dialog or set up in your project file using an external text editor.

Any station held fixed in two dimensions (2D) must have a known State Plane (grid north and east)
coordinate. Because the orthometric height component is allowed to float during adjustment, these
stations are considered to be both floating and fixed.

Any station held fixed in one dimension (1D) must have a known orthometric height. Because the grid
north and east coordinate are allowed to float during adjustment, these stations are considered to be
both floating and fixed.

Deflection of the vertical corrections are not applicable to State Plane adjustments, because
this adjustment type assumes you are using orthometric height.

When building GPS networks, the receiver post-processing baseline data usually will be extracted
using the FILE - CONVERT THIRD PARTY FILES - GPS RECEIVER FILES option, the TRIMBLE
GEO OFFICE option, or one of the separate file conversion programs downloaded from our web site or
shipped with COLUMBUS. The resulting ASCII (Text) file can be opened directly using the FILE -
OPEN or FILE - APPEND command. Once opened into the project, you will need to modify the
coordinates for all stations being used as control, since the coordinates for each GPS measured
station are usually only approximate. Alternatively, you could edit the last instance of each control
station in the ASCII (Text) file prior to loading the file into COLUMBUS.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.
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2D UTM Networks

1.

Any station held fixed must have a known UTM (grid north and east) coordinate. These components
can be entered/modified in the DATA - STATIONS - UTM grid or set up in your project file using an
external text editor. An average project height should be set up in the OPTIONS - GLOBAL SETTINGS
2D Height field.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

Terrestrial observations are not corrected for refraction or mark-to-mark reductions, since these
corrections have little or no effect on a 2D adjustment performed at an average project height.

GPS observations are not supported within 2D adjustments.

Zenith angles are only used to correct slope (chord) distances to a horizontal distance. They are not
used in the actual adjustment; therefore, the degrees of freedom will not be affected by their presence.
The horizontal distance is based on the AT station. If a chord distance has been entered without a
corresponding zenith angle, the chord distance is assumed to be a horizontal distance.
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3D UTM Networks

1.

Any station held fixed in three dimensions must have a known UTM (grid north, east and orthometric
height) coordinate. These components can be entered/modified in the DATA - STATIONS - UTM dialog
or set up in your project file using an external text editor.

Any station held fixed in two dimensions (2D) must have a known UTM (grid north and east)
coordinate. Because the orthometric height component is allowed to float during adjustment, these
stations are considered to be both floating and fixed.

Any station held fixed in one dimension (1D) must have a known orthometric height. Because the grid
north and east coordinate are allowed to float during adjustment, these stations are considered to be
both floating and fixed.

Deflection of the vertical corrections are not applicable to UTM adjustments, because this
adjustment type assumes you are using orthometric height.

When building GPS networks, the receiver post-processing baseline data usually will be extracted
using the FILE - CONVERT THIRD PARTY FILES - GPS RECEIVER FILES option, the TRIMBLE
GEO OFFICE option, or one of the separate file conversion programs downloaded from our web site or
shipped with COLUMBUS. The resulting ASCII (Text) file can be opened directly using the FILE -
OPEN or FILE - APPEND command. Once opened into the project, you will need to modify the
coordinates for all stations being used as control, since the coordinates for each GPS measured
station are usually only approximate. Alternatively, you could edit the first instance of each control
station in the ASCII (Text) file prior to loading the file into COLUMBUS.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.
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2D Local Horizon NE Networks

1.

The 2D local horizon NE (north, east) network is suitable for 2D projects of limited extent. We
recommend these projects be no larger than 1km square. If you project is larger, you should
use one of the other 2D or 3D adjustment models (geodetic, State plane or UTM).

Stations are identified using the Local NEUE station type. The U (up) component is not used and can
be set to any value. The E (orthometric height or elevation) component is also not used for the 2D local
horizon NE network.

In order to model the earth’s true shape, you can optionally provide an approximate latitude for the
project area. This can be done in the OPTIONS - GLOBAL SETTINGS dialog.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.

Terrestrial observations are not corrected for refraction or mark-to-mark reductions, since these
corrections have little or no effect on a 2D adjustment performed at an average project height.

GPS observations are not supported within 2D adjustments.

Zenith angles are only used to correct slope (chord) distances to a horizontal distance. They are not
used in the actual adjustment; therefore, the degrees of freedom will not be affected by their presence.
The horizontal distance is based on the AT station. If a chord distance has been entered without a
corresponding zenith angle, the chord distance is assumed to be a horizontal distance.

Copyright 1998-2009 Best-Fit Computing, Inc. 5-15



3D Local Horizon NEE Networks

1.

The 3D local horizon NEE (north, east, orthometric height) network is suitable for 3D projects of limited
extent. We recommend these projects be no larger than 1km square. If you project is larger, you
should use one of the other 3D adjustment models (geodetic, State Plane, UTM).

Stations are identified using the Local NEUE station type. The U (up) component is not used and can
be set to any value. The orthometric height component is used.

In order to model the earth’s true shape, you can optionally provide an approximate latitude for the
project area. This can be done in the OPTIONS - GLOBAL SETTINGS dialog.

Deflection of the vertical corrections are not applicable to UTM adjustments, because this
adjustment type assumes you are using orthometric height.

Any station held fixed in two dimensions (2D) must have a known Local North and East coordinate.
Because the orthometric height is allowed to float during adjustment, these stations are considered to
be both floating and fixed.

Any station held fixed in one dimension (1D) must have a known Local orthometric height. Because
the north and east are allowed to float during adjustment, these stations are considered to be both
floating and fixed.

Stations with unknown positions will typically be entered with their north, east and orthometric height
components equal to zero (since they are unknown).

GPS observations are not supported in this network type.

COLUMBUS allows for duplicate observations between stations. You can repeat any set of applicable
measurements as often as you like.
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Network Construction

1D Vertical Networks

A 1D vertical network in COLUMBUS consists of a datum, two or more height type stations, and one or
more observations. Every 1D vertical network must have these three components. Please examine
the VERTICAL.TXT demo file to see one way of creating a 1D vertical network project file.

Datum For 1D vertical networks the datum is not used in adjustment computations. However, all
station and observation data within COLUMBUS must be associated with a datum.
Therefore, any datum can fulfill this need.

Stations The points on the Earth's surface for which heights (orthometric or ellipsoidal) are either
known or will be determined. COLUMBUS does not allow duplicate station names for the
same coordinate type unless they are each associated with a different datum. Every
station associated with the same datum, must have a unique name.

Observations  For 1D vertical networks, COLUMBUS supports height difference, local delta Up and
coordinate (height) observations. To perform a 1D vertical adjustment using reciprocal
vertical angles, you can perform a 3D geodetic network adjustment holding all unknown
stations fixed in 2D or you can convert the measured observations to height difference
observations using the TOOLS - CONVERT DATA - Zen/Crd -> Vert/Hor Dist tool.

Two methods for creating a 1D vertical network.
Method 1
In this scenario, the network is constructed using the data grid dialogs.

Step 1: Open a new project using the FILE - NEW command. Select a datum to be active (or simply use
the current active datum) within the OPTIONS - DATUMS dialog. All entered data will be
associated with this datum.

Step 2: Change the View to 1D Vertical. Enter all fixed height stations using the DATA - STATIONS -
HEIGHT grid. Stations that are to be fixed in height (1D) should have their known height entered
exactly. If stations will be left to float (height to be determined during adjustment), you may enter
them with any value (e.g., zeros) or proceed to Step 3 below and create them indirectly.

Step 3: Enter the observations between each station pair using the DATA - OBSERVATIONS - HGT DIFF
or LOCAL NEU grid. For local NEU, you only need to enter the Up observation (not the north and
east components). When you specify a station name that has not already been entered,
COLUMBUS will automatically create a Height station (based on the selected View context
1D Vertical).

Step 4: Coordinate observations (height for 1D vertical networks) are set up in the DATA - STATIONS -
HEIGHT grid. They may already be included in your network from Step 2. However, be sure they
each have a valid Height Standard Deviation. For 1D networks, the use of coordinate observations
can be activated by selecting the Constrained Stations command just prior to adjustment and
then selecting the applicable stations (please see the CONSTRAINED STATIONS section in this
chapter). These are only applicable for 1D networks weighted by observation standard deviations.

Method 2
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In this scenario, the network project file is created using an external text editor (see the sample file
VERTICAL.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample 1D vertical network format (shown in the
VERTICAL.TXT demo project file) as a guide. All the keywords shown in this file are described in
Appendix A. The datum should appear first, followed by the units, stations, then observations.

If you elect to use the North/East/Up observation set (using the $NEU or $SNEU_COMPACT
keyword), be sure to set the North and East fields to NOOBS. This indicates to COLUMBUS that
these observations were not measured. Better yet, simply use the $HGTDIFF or
$HGTDIFF_COMPACT keyword to avoid confusion.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command.

Both methods can be used separately or in combination to build a 1D vertical network. For example, part of
the network could be entered online, with the remainder of the network appended from an ASCII (Text) file
using the FILE - APPEND command.

When a 1D vertical network is loaded into COLUMBUS, an arbitrary 2D coordinate system is created in
order to graphically display the stations and observations. This 2D coordinate system does not represent
the actual position of each station (as it occurs in the field), but it does allow you to see how each station is
connected to one another by the observations. The color of each station name will match the color setting
for the Station Names with Coords of Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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2D Geodetic Networks

A 2D ge
observa

odetic network in COLUMBUS consists of a datum, two or more geodetic stations and two or more
tions. Every 2D geodetic network must have these three components. Please examine the

TERRONLY.TXT or BEAR2D.TXT demo files to review two sample 2D geodetic network projects.

Datum

Stations

The reference ellipsoid the adjusted geodetic positions will be based upon. 2D geodetic
adjustments are performed in 3D geodetic space at a fixed height.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses geodetic stations in geodetic network adjustments. If
your control stations have published State Plane coordinates, these can be transformed to
geodetic (latitude and longitude) from within the TOOLS - TRANSFORMATION - STATE
PLANE <--> GEODETIC dialog. The resulting coordinates can then be used in the
network adjustment. COLUMBUS does not allow duplicate station names for the same
coordinate type unless they are each associated with a different datum. Every station
associated with the same datum, must have a unique name.

Observations For 2D geodetic networks, COLUMBUS supports 13 types of observations: azimuth,

direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance,
geodetic chord distance, chord distance, local horizon delta north, local horizon delta east,
and latitude/longitude coordinates.

Two methods for creating a 2D geodetic network.

Method

1

In this scenario, the network is constructed using the data grids.

Step 1:

Step 2:

Step 3:

Step 4:

Method

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum.

Change the View to 2D Geodetic. Enter all fixed 2D geodetic stations using the DATA -
STATIONS - GEODETIC grid. Stations that are to be fixed in 2D should have their known latitude
and longitude entered exactly. If stations will be left to float (latitude and longitude determined
during adjustment), you may enter them with any value (e.g., zeros) or proceed to Step 3 below
and create them indirectly. COLUMBUS will compute approximate coordinates for all floating
stations (from the selected observations) during the adjustment. If COLUMBUS cannot compute
an approximate coordinate for any station, be sure you enter reasonably good approximate
coordinates for these stations.

Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
Geodetic station (based on the selected View context - 2D Geodetic).

Coordinate observations (latitude and longitude for 2D geodetic networks) are set up in the DATA -
OBSERVATIONS - GEO COORD grid.

2

Copyrigh
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In this scenario, the network project file is created using an external text editor (see the sample file
TERRONLY.TXT or BEAR2D.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample 2D geodetic network format (shown in
the demo files mentioned above) as a guide. All the keywords shown in these files are described in
Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command.

Both methods can be used separately or in combination to build a 2D geodetic network. For example, part
of the network could be entered online, with the remainder of the network appended from an ASCII (Text)
file using the FILE - APPEND command.

When a 2D geodetic network is loaded into COLUMBUS, any geodetic station with both the latitude and
longitude set to zero are assigned arbitrary 2D coordinates for graphical display. The assumption is no
survey points are located at latitude and longitude of zero, since it falls within the Atlantic ocean. Stations
assigned these arbitrary 2D coordinates will not be represented on-screen as they occur in the field, but it
does allow you to see how each is connected to other stations. The color of each such station name will
match the color setting for the Station Names with Coords of Zero option, set up in the OPTIONS -
COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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3D Geodetic Networks

A 3D geodetic network in COLUMBUS consists of a datum, two or more geodetic stations and three or
more observations. Every 3D geodetic network must have these three components. Please examine
the GPSONLY.TXT, MIXED.TXT, or BIGBASIN.TXT demo files to review sample 3D geodetic network

projects

Datum

Stations

The reference ellipsoid the adjusted geodetic positions will be based upon. 3D geodetic
adjustments are performed in 3D geodetic space.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses geodetic stations in geodetic network adjustments. If
your control stations have published State Plane coordinates, these can be transformed to
geodetic (latitude and longitude) from within the TOOLS - TRANSFORMATION - STATE
PLANE <--> GEODETIC dialog. The resulting coordinates can then be used in the
network adjustment. COLUMBUS does not allow duplicate station names for the same
coordinate type unless they are each associated with a different datum. Every station
associated with the same datum, must have a unique name.

Observations For 3D geodetic networks, COLUMBUS supports 19 types of observations: azimuth,

direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance,
geodetic chord distance, chord distance, height difference, GPS dX, dY, dZ, local horizon
delta north, delta east, delta up, and latitude/longitude/height coordinates (orthometric or
ellipsoidal). Terrestrial, GPS and coordinate observations can be freely mixed within a 3D
network.

Three methods for creating a 3D geodetic network.

Method

1

In this scenario, the network is constructed using the data grid dialogs.

Step 1:

Step 2:

Step 3:

Step 4:

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum.

Change the view to 3D Geodetic. Enter all fixed 3D geodetic stations using the DATA -
STATIONS - GEODETIC grid. Stations that are to be fixed in any component (latitude, longitude,
or height) must have that coordinate component entered exactly. If stations will be left to float
(latitude, longitude, and height), you may enter them with any value (e.g., zeros) or proceed to
Step 3 below and create them indirectly. COLUMBUS will compute approximate coordinates for all
floating stations (from the supplied observations) during the adjustment. If COLUMBUS cannot
compute an approximate coordinate for any station, be sure you have entered reasonably good
approximate coordinates for these stations.

Enter the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
Geodetic station (based on the selected View context - 3D Geodetic).

Coordinate observations (latitude, longitude and height) are set up in the DATA - OBSERVATIONS
- GEO COORD grid.
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Method 2

In this scenario, the network project file is created using an external text editor (see the sample file
MIXED.TXT, GPSONLY.TXT, or BIGBASIN.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample 3D geodetic network format (shown in
the demo files mentioned above) as a guide. All the keywords shown in these files are described in
Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command.

Method 3

In this scenario, receiver specific GPS baseline data is converted to a COLUMBUS compatible ASCII
(Text) format, then loaded into COLUMBUS. COLUMBUS currently supports GPS file conversions for
Ashtech, Leica, Topcon, and Trimble GPS baseline files. We also support converting GPS and terrestrial
data from other third party files as well.

Step 1: To get the various GPS post processing files into a COLUMBUS compatible ASCII (Text) format,
use one of the options in the FILE - CONVERT 3RD PARTY FILES dialogs or one of our stand
alone file conversion tools shipped with COLUMBUS (or downloadable from our web site at:
www.bestfit.com).

Step 2: Load the resulting ASCII (Text) file directly into COLUMBUS using the FILE - OPEN command.

All three methods can be used separately or in combination to build a 3D geodetic network. For example, a
project containing GPS and terrestrial data could be constructed using methods two and three (resulting in
two separate input files called GPS.TXT and TERR.TXT). A third file called MAIN.TXT is then created
which simply includes GPS.TXT and TERR.TXT (see the $INCLUDE_FILE keyword in Appendix A).
MAIN.TXT is then loaded with the FILE - OPEN command, which then automatically loads the other two
files into COLUMBUS.

When a 3D geodetic network project is loaded into COLUMBUS, any geodetic station with both the latitude
and longitude set to zero are assigned arbitrary 2D coordinate for graphical display. The assumption is no
survey points are located at latitude and longitude of zero, since it falls within the Atlantic ocean. Stations
assigned these arbitrary 2D coordinates will not be represented on-screen as they occur in the field, but it
does allow you to see how each is connected to other stations. The color for each such station name will
match the color setting for the Station Names with Coords of Zero option, set up in the OPTIONS -
COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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3D ECEF (Earth Centered Earth Fixed) XYZ Networks

A 3D ECEF XYZ network in COLUMBUS consists of a datum, two or more ECEF XYZ stations and three

or more

Datum

Stations

observations. Every 3D ECEF XYZ network must have these three components.

The reference ellipsoid the adjusted ECEF XYZ positions will be based upon. 3D ECEF
XYZ adjustments are performed in 3D ECEF XYZ space.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses ECEF XYZ stations in ECEF XYZ network
adjustments. COLUMBUS does not allow duplicate station names for the same coordinate
type unless they are each associated with a different datum. Every station associated with
the same datum, must have a unique name.

Observations For 3D ECEF XYZ networks, COLUMBUS supports 19 types of observations: azimuth,

direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance,
geodetic chord distance, chord distance, height difference, GPS dX, dY, dZ, local horizon
delta north, delta east, delta up, and latitude/longitude/height coordinates (ellipsoidal).
Terrestrial, GPS and coordinate observations can be freely mixed within a 3D network.

Three methods for creating a 3D ECEF XYZ network.

Method

1

In this scenario, the network is constructed using the data grid dialogs.

Step 1:

Step 2:

Step 3:

Step 4:

Method

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum.

Change the view to Cartesian XYZ. Enter all fixed ECEF XYZ stations using the DATA -
STATIONS - ECEF Cartesian grid. COLUMBUS will compute approximate coordinates for all
floating stations (from the supplied observations) during the adjustment. If COLUMBUS cannot
compute an approximate coordinate for any station, be sure you have entered reasonably good
approximate coordinates for these stations.

Enter the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
ECEF XYZ station (based on the selected View context - Cartesian XYZ).

Coordinate observations (latitude, longitude and ellipsoidal height) are set up in the DATA -
OBSERVATIONS - GEO COORD grid.

2

In this scenario, the network project file is created using an external text editor.

Step 1:

Enter your data into an ASCII (Text) file. All the keywords shown in these files are described in
Appendix A. The datum should appear first, followed by the units, stations, then observations.
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For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command.

Method 3

In this scenario, receiver specific GPS baseline data is converted to a COLUMBUS compatible ASCII
(Text) format, then loaded into COLUMBUS. COLUMBUS currently supports GPS file conversions for
Ashtech, Leica, Topcon, and Trimble GPS baseline files. We also support converting GPS and terrestrial
data from other third party files as well.

Step 1: To get the various GPS post processing files into a COLUMBUS compatible ASCII (Text) format,
use one of the options in the FILE - CONVERT 3RD PARTY FILES dialogs or one of our stand
alone file conversion tools shipped with COLUMBUS (or downloadable from our web site at:
www.bestfit.com).

Step 2: Load the resulting ASCII (Text) file directly into COLUMBUS using the FILE - OPEN command.

All three methods can be used separately or in combination to build a 3D ECEF XYZ network. For
example, a project containing GPS and terrestrial data could be constructed using methods two and three
(resulting in two separate input files called GPS.TXT and TERR.TXT). A third file called MAIN.TXT is then
created which simply includes GPS.TXT and TERR.TXT (see the $INCLUDE_FILE keyword in Appendix
A). MAIN.TXT is then loaded with the FILE - OPEN command, which then automatically loads the other
two files into COLUMBUS.

When a 3D ECEF XYZ network project is loaded into COLUMBUS, any ECEF XYZ station with
coordinates of zero assigned arbitrary 2D coordinate for graphical display. Stations assigned these
arbitrary 2D coordinates will not be represented on-screen as they occur in the field, but it does allow you
to see how each is connected to other stations. The color for each such station name will match the color
setting for the Station Names with Coords of Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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2D State Plane Networks

A 2D State Plane network in COLUMBUS consists of a datum, two or more State Plane stations and two or
more observations. Every 2D State Plane network must have these three components. Please
examine the STATEPLANE.TXT demo file to review a sample 2D State Plane network project.

Datum

Stations

The reference ellipsoid the adjusted State Plane positions will be based upon. 2D State
Plane adjustments are performed in 3D geodetic space at a fixed height.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses State Plane stations in State Plane network
adjustments. COLUMBUS does not allow duplicate station names for the same coordinate
type unless they are each associated with a different datum. Every station associated with
the same datum, must have a unique name.

Observations  For 2D State Plane networks, COLUMBUS supports 11 types of observations: azimuth,

direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance,
geodetic chord distance, chord distance, local horizon delta north, and local horizon delta
east coordinates.

Two methods for creating a 2D State Plane network.

Method

1

In this scenario, the network is constructed using the data grid dialogs.

Step 1:

Step 2:

Step 3:

Method

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Select the
correct State Plane Zone (or set up a custom State Plane projection) in the OPTIONS -
PROJECTION ZONES - STATE PLANE ZONES dialog.

Change the view to 2D State Plane. Enter all fixed 2D State Plane stations using the DATA -
STATIONS - STATE PLANE grid. Stations that are to be fixed in 2D should have their known grid
north and east entered exactly. If stations will be left to float (north and east determined during
adjustment), you may enter them with any value (e.g., zeros) or proceed to Step 3 below and
create them indirectly. COLUMBUS will compute approximate coordinates for all floating stations
(from the selected observations) during the adjustment. If COLUMBUS cannot compute an
approximate coordinate for any station, be sure you enter reasonably good approximate
coordinates for these stations.

Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
State Plane station (based on the selected View context - 2D State Plane).

2

In this scenario, the network project file is created using an external text editor (see the sample file
STATEPLANE.TXT).
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Step 1: Enter your data into an ASCII (Text) file, using the sample 2D State Plane network format (shown
in the demo file mentioned above) as a guide. All the keywords shown in these files are described
in Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Select the correct State
Plane Zone (or set up a custom State Plane projection) in the OPTIONS - PROJECTION ZONES -
STATE PLANE ZONES dialog.

Both methods can be used separately or in combination to build a 2D State Plane network. For example,
part of the network could be entered online, with the remainder of the network appended from an ASCII
(Text) file using the FILE - APPEND command.

When a 2D State Plane network is loaded into COLUMBUS, any State Plane station with both the north
and east set to zero are assigned arbitrary 2D coordinates for graphical display. The assumption is no
survey points are located at north and east of zero. Stations assigned these arbitrary 2D coordinates will
not be represented on-screen as they occur in the field, but it does allow you to see how each is connected
to other stations. The color of each such station name will match the color setting for the Station Names
with Coords of Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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3D State Plane Networks

A 3D State Plane network in COLUMBUS consists of a datum, two or more State Plane stations and three
or more observations. Every 3D State Plane network must have these three components. Please
examine the STATEPLANE.TXT demo file to review sample 3D State Plane network project.

Datum The reference ellipsoid the adjusted State Plane positions will be based upon. 3D State
Plane adjustments are performed in 3D State Plane space.

Stations The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses State Plane stations in State Plane network
adjustments. COLUMBUS does not allow duplicate station names for the same coordinate
type unless they are each associated with a different datum. Every station associated with
the same datum, must have a unique name.

Observations  For 3D State Plane networks, COLUMBUS supports 16 types of observations: azimuth,
direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance,
geodetic chord distance, chord distance, height difference, GPS dX, dY, dZ, local horizon
delta north, delta east, and delta up. Terrestrial and GPS observations can be freely mixed
within a 3D network.

Three methods for creating a 3D State Plane network.

Method 1
In this scenario, the network is constructed using the data grid dialogs.

Step 1: Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Select the
correct State Plane Zone (or set up a custom State Plane projection) in the OPTIONS -
PROJECTION ZONES - STATE PLANE ZONES dialog.

Step 2: Change the view to 3D State Plane. Enter all fixed 3D State Plane stations using the DATA -
STATIONS - STATE PLANE grid. Stations that are to be fixed in any component (north, east, or
orthometric height) must have that coordinate component entered exactly. If stations will be left to
float (north, east, and orthometric height), you may enter them with any value (e.g., zeros) or
proceed to Step 3 below and create them indirectly,. COLUMBUS will compute approximate
coordinates for all floating stations (from the supplied observations) during the adjustment. If
COLUMBUS cannot compute an approximate coordinate for any station, be sure you have
entered reasonably good approximate coordinates for these stations.

Step 3: Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
State Plane station (based on the selected View context - 3D State Plane).

Method 2

In this scenario, the network project file is created using an external text editor (see the sample file
STATEPLANE.TXT).
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Step 1: Enter your data into an ASCII (Text) file, using the sample 3D State Plane network format (shown
in the demo file mentioned above) as a guide. All the keywords shown in these files are described
in Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Select the correct State
Plane Zone (or set up a custom State Plane projection) in the OPTIONS - PROJECTION ZONES -
STATE PLANE ZONES dialog.

Method 3

In this scenario, receiver specific GPS baseline data is converted to a COLUMBUS compatible ASCII
(Text) format, then loaded into COLUMBUS. COLUMBUS currently supports GPS file conversions for
Ashtech, Leica, Topcon, and Trimble GPS baseline files. We also support converting GPS data from other
third party files as well (such as NGS Blue Book ‘G’ Files and others).

Step 1: To get the various GPS post processing files into a COLUMBUS compatible ASCII (Text) format,
use one of the options in the FILE - CONVERT 3RD PARTY FILES dialogs or one of our stand
alone file conversion tools shipped with COLUMBUS (or downloadable from our web site at:
www.bestfit.com).

Step 2: Load the resulting ASCII (Text) file directly into COLUMBUS using the FILE - OPEN command.
Select the correct State Plane Zone (or set up a custom State Plane projection) in the OPTIONS -
PROJECTION ZONES - STATE PLANE ZONES dialog.

Step 3: Transform all geodetic station coordinates to State Plane coordinates from within the TOOLS -
TRANSFORMATION - STATE PLANE <--> GEO dialog

All three methods can be used separately or in combination to build a 3D State Plane network. For
example, a project containing GPS and terrestrial data could be constructed using methods two and three
(resulting in two separate input files called GPS.TXT and TERR.TXT). A third file called MAIN.TXT is then
created which simply includes GPS.TXT and TERR.TXT (see the $INCLUDE_FILE keyword in Appendix
A). MAIN.TXT is then loaded with the FILE - OPEN command, which then automatically loads the other
two files into COLUMBUS.

When a 3D State Plane network project is loaded into COLUMBUS, any State Plane station with both the
north and east set to zero are assigned arbitrary 2D coordinate for graphical display. The assumption is no
survey points are located at north and east of zero. Stations assigned these arbitrary 2D coordinates will
not be represented on-screen as they occur in the field, but it does allow you to see how each is connected
to other stations. The color for each such station name will match the color setting for the Station Names
with Coords of Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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2D UTM Networks

A 2D UTM network in COLUMBUS consists of a datum, two or more UTM stations and two or more
observations. Every 2D UTM network must have these three components. Please examine the
UTM.TXT demo file to review a sample 2D UTM network project.

Datum The reference ellipsoid the adjusted UTM positions will be based upon. 2D UTM
adjustments are performed in 3D space at a fixed height.

Stations The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses UTM stations in UTM network adjustments.
COLUMBUS does not allow duplicate station names for the same coordinate type unless
they are each associated with a different datum. Every station associated with the same
datum, must have a unique name.

Observations  For 2D UTM networks, COLUMBUS supports 11 types of observations: azimuth, direction,
horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance, geodetic
chord distance, chord distance, local horizon delta north, and local horizon delta east
coordinates.

Two methods for creating a 2D UTM network.

Method 1
In this scenario, the network is constructed using the data grid dialogs.

Step 1: Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Set up the
correct UTM Zone in the OPTIONS - PROJECTION ZONES - UTM ZONE SETUP dialog.

Step 2: Change the view to 2D UTM. Enter all fixed 2D UTM stations using the DATA - STATIONS - UTM
grid. Stations that are to be fixed in 2D should have their known grid north and east entered
exactly. If stations will be left to float (north and east determined during adjustment), you may enter
them with any value (e.g., zeros) or proceed to Step 3 below and create them indirectly.
COLUMBUS will compute approximate coordinates for all floating stations (from the selected
observations) during the adjustment. If COLUMBUS cannot compute an approximate coordinate
for any station, be sure you enter reasonably good approximate coordinates for these stations.

Step 3: Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
grid. For observations that have not been measured, leave their fields blank. When you specify a
station name that has not already been entered, COLUMBUS will automatically create a
UTM station (based on the selected View context - 2D UTM).

Method 2

In this scenario, the network project file is created using an external text editor (see the sample file
UTM.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample 2D UTM network format (shown in the
demo file mentioned above) as a guide. All the keywords shown in these files are described in
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Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Set up the correct UTM
Zone in the OPTIONS - PROJECTION ZONES - UTM ZONE SETUP dialog.

Both methods can be used separately or in combination to build a 2D UTM network. For example, part of
the network could be entered online, with the remainder of the network appended from an ASCII (Text) file
using the FILE - APPEND command.

When a 2D UTM network is loaded into COLUMBUS, any UTM station with both the north and east set to
zero are assigned arbitrary 2D coordinates for graphical display. The assumption is no survey points are
located at north and east of zero. Stations assigned these arbitrary 2D coordinates will not be represented
on-screen as they occur in the field, but it does allow you to see how each is connected to other stations.
The color of each such station name will match the color setting for the Station Names with Coords of
Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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3D UTM Networks

A 3D UTM network in COLUMBUS consists of a datum, two or more UTM stations and three or more

observa

tions. Every 3D UTM network must have these three components. Please examine the

UTM.TXT demo file to review sample 3D UTM network project.

Datum

Stations

The reference ellipsoid the adjusted UTM positions will be based upon. 3D UTM
adjustments are performed in 3D UTM space.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses UTM stations in UTM network adjustments.
COLUMBUS does not allow duplicate station names for the same coordinate type unless
they are each associated with a different datum. Every station associated with the same
datum, must have a unique name.

Observations  For 3D UTM networks, COLUMBUS supports 16 types of observations: azimuth, direction,

horizontal angle, bearing, zenith angle, horizontal distance, geodesic distance, geodetic
chord distance, chord distance, height difference, GPS dX, dY, dZ, local horizon delta
north, delta east, and delta up. Terrestrial and GPS observations can be freely mixed
within a 3D network.

Three methods for creating a 3D UTM network.

Method

1

In this scenario, the network is constructed using the online data grid dialogs.

Step 1:

Step 2:

Step 3:

Method

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Set up the
correct UTM Zone in the OPTIONS - PROJECTION ZONES - UTM ZONE SETUP dialog.

Change the view to 3D UTM. Enter all fixed 3D UTM stations using the DATA - STATIONS - UTM
grid. Stations that are to be fixed in any component component (north, east, or orthometric height)
must have that coordinate component entered exactly. If stations will be left to float (north, east,
and orthometric height), you may enter them with any value (e.g., zeros) or proceed to Step 3
below and create them indirectly. . COLUMBUS will compute approximate coordinates for all
floating stations (from the supplied observations) during the adjustment. If COLUMBUS cannot
compute an approximate coordinate for any station, be sure you have entered reasonably good
approximate coordinates for these stations.

Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
dialog. For observations that have not been measured, leave their fields blank. When you specify
a station name that has not already been entered, COLUMBUS will automatically create a
UTM station (based on the selected View context - 3D UTM).

2

In this scenario, the network project file is created using an external text editor (see the sample file

Copyrigh
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UTM.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample 3D UTM network format (shown in the
demo file mentioned above) as a guide. All the keywords shown in these files are described in
Appendix A. The datum should appear first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Set up the correct UTM
Zone in the OPTIONS - PROJECTION ZONES - UTM ZONE SETUP dialog.

Method 3

In this scenario, receiver specific GPS baseline data is converted to a COLUMBUS compatible ASCII
(Text) format, then loaded into COLUMBUS. COLUMBUS currently supports GPS file conversions for
Ashtech, Leica, Topcon, and Trimble GPS baseline files. We also support converting GPS data from other
third party files as well (such as NGS Blue Book ‘G’ Files and others).

Step 1: To get the various GPS post processing files into a COLUMBUS compatible ASCII (Text) format,
use one of the options in the FILE - CONVERT 3RD PARTY FILES dialogs or one of our stand
alone file conversion tools shipped with COLUMBUS (or downloadable from our web site at:
www.bestfit.com).

Step 2: Load the resulting ASCII (Text) file directly into COLUMBUS using the FILE - OPEN command. Set
up the correct UTM Zone in the OPTIONS - PROJECTION ZONES - UTM ZONE SETUP dialog.

Step 3: Transform all geodetic station coordinates to UTM coordinates from within the TOOLS -
TRANSFORMATION - UTM <--> GEO dialog

All three methods can be used separately or in combination to build a 3D UTM network. For example, a
project containing GPS and terrestrial data could be constructed using methods two and three (resulting in
two separate input files called GPS.TXT and TERR.TXT). A third file called MAIN.TXT is then created
which simply includes GPS.TXT and TERR.TXT (see the $INCLUDE_FILE keyword in Appendix A).
MAIN.TXT is then loaded with the FILE - OPEN command, which then automatically loads the other two
files into COLUMBUS.

When a 3D UTM network project is loaded into COLUMBUS, any UTM station with both the north and east
set to zero are assigned arbitrary 2D coordinate for graphical display. The assumption is no survey points
are located at north and east of zero. Stations assigned these arbitrary 2D coordinates will not be
represented on-screen as they occur in the field, but it does allow you to see how each is connected to
other stations. The color for each such station name will match the color setting for the Station Names
with Coords of Zero option, set up in the OPTIONS - COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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2D Local Horizon NE Networks

A 2D local horizon NE network in COLUMBUS consists of a datum, two or more local north/east stations
and two or more observations. Every 2D local horizon NE network must have these three
components. Please examine the NEE.TXT demo file, which can be solved as either a 2D or 3D local

horizon

Datum

Stations

NE (or NEE) network.

The reference ellipsoid the adjusted local horizon coordinates will be based upon when
accounting for curvature (only for 3D NEE networks) and convergency. 2D local horizon
NE adjustments are performed in 3D NEE space at a fixed height.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses local north/east stations in this network adjustment.
COLUMBUS does not allow duplicate station names for the same coordinate type unless
they are each associated with a different datum. Every station associated with the same
datum, must have a unique name.

Observations For 2D local horizon NE networks, COLUMBUS supports 11 types of observations:

azimuth, direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic
distance, geodetic chord distance, chord distance, local horizon delta north, and local
horizon delta east. Coordinate observations are not supported for this network type.

Two methods for creating a 2D local horizon NE network.

Method

1

In this scenario, the network is constructed using the data grid dialogs.

Step 1:

Step 2:

Step 3:

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Enter the
approximate latitude (+-10 minutes) for the project area within the OPTIONS - GLOBAL
SETTINGS dialog.

Change the view to 2D Local NE. Enter all fixed 2D Local NE stations using the DATA -
STATIONS - LOCAL NEUE grid. Stations that are to be fixed in 2D must have their known north
and east components entered exactly. If stations will be left to float (north and east determined
during adjustment), you may enter them with any value (e.g., zeros) or proceed to Step 3 below
and create them indirectly. COLUMBUS will compute approximate coordinates for all floating
stations (from the selected observations) during the adjustment. If COLUMBUS cannot compute
an approximate coordinate for any station, be sure you enter reasonably good approximate
coordinates for these stations. The Up and Orthometric Height coordinate components are not
used in this network type.

Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
dialog. For observations that have not been measured, leave their fields blank. When you specify
a station name that has not already been entered, COLUMBUS will automatically create a
Local NE station (based on the selected View context - 2D Local NE).
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Method 2

In this scenario, the network project file is created using an external text editor (see the sample file
NEE.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample network format (shown in NEE.TXT) as
a guide. All the keywords shown in this file are described in Appendix A. The datum should appear
first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Enter the approximate
latitude (+-10 minutes) for the project area within the OPTIONS - GLOBAL SETTINGS dialog.

Both methods can be used separately or in combination to build a 2D local horizon NE network. For
example, part of the network could be entered online, with the remainder of the network appended from an
ASCII (Text) file using the FILE - APPEND command (or the reverse)

When a 2D local horizon NE network is loaded into COLUMBUS, any local NEUE station with both the
north and east component set to zero are assigned arbitrary 2D coordinates for graphical display. Stations
assigned these arbitrary 2D coordinates will not be represented on-screen as they occur in the field, but it
does allow you to see how each is connected to other stations. The color of each such station name will
match the color setting for the Station Names with Coords of Zero option, set up in the OPTIONS -
COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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3D Local Horizon NEE Networks

A 3D local horizon NEE network in COLUMBUS consists of a datum, two or more local north/east/
orthometric height stations and three or more observations. Every 3D local horizon NEE network must
have these three components. Please examine the NEE.TXT demo file to review a sample 3D local

horizon

Datum

Stations

NEE network project.

The reference ellipsoid the adjusted local horizon coordinates will be based upon when
accounting for curvature and convergency. 3D local horizon NEE adjustments are
performed in 3D NEE space.

The points on the Earth's surface for which coordinates are either known or will be
determined. COLUMBUS only uses local north/east/orthometric height stations in this
network adjustment. COLUMBUS does not allow duplicate station names for the same
coordinate type unless they are each associated with a different datum. Every station
associated with the same datum, must have a unique name.

Observations  For 3D local horizon NEE networks, COLUMBUS supports 13 types of observations:

azimuth, direction, horizontal angle, bearing, zenith angle, horizontal distance, geodesic
distance, geodetic chord distance, chord distance, height difference, local horizon delta
north, delta east, and delta up). GPS and coordinate observations are not supported in
this network type.

Two methods for creating a 3D local horizon NEE network.

Method

1

In this scenario, the network is constructed using the data grid dialogs.

Step 1:

Step 2:

Step 3:

Open a new project using the FILE - NEW command. Select the correct datum to be active within
the OPTIONS - DATUMS dialog. All entered data will be associated with this datum. Enter the
approximate latitude (+-10 minutes) for the project area within the OPTIONS - GLOBAL
SETTINGS dialog.

Enter the 3D positions for all stations using the DATA - STATIONS - LOCAL NEUE dialog. Stations
that are to be fixed in either north/east or orthometric height, must have those coordinate
components entered exactly. If stations will be left to float (north and east, or orthometric height
determined during adjustment), you may enter them with any value (e.g., zeros) or proceed to Step
3 below and create them indirectly. COLUMBUS will compute approximate coordinates for all
floating stations (from the supplied observations) during the adjustment. If COLUMBUS cannot
compute an approximate coordinate for any station, be sure you have entered reasonably good
approximate coordinates for these stations. The Up coordinate component is not used in this
network type.

Enter all the observations between each station pair using the applicable DATA - OBSERVATIONS
dialog. For observations that have not been measured, leave their fields blank. When you specify
a station name that has not already been entered, COLUMBUS will automatically create a
Local NEE station (based on the selected View context - 3D Local NEE).
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Method 2

In this scenario, the network project file is created using an external text editor (see the sample file
NEE.TXT).

Step 1: Enter your data into an ASCII (Text) file, using the sample network format (shown in NEE.TXT) as
a guide. All the keywords shown in this file are described in Appendix A. The datum should appear
first, followed by the units, stations, then observations.

For any given observation set, if one or more observations were not measured, enter the text
NOOBS within its observation and standard deviation field. This indicates to COLUMBUS that
these observations were not measured.

Step 2: Load this project file into COLUMBUS using the FILE - OPEN command. Enter the approximate
latitude (+-10 minutes) for the project area within the OPTIONS - GLOBAL SETTINGS dialog.

Both methods can be used separately or in combination to build a 3D local horizon NEE network. For
example, part of the network could be entered online, with the remainder of the network appended from an
ASCII (Text) file using the FILE - APPEND command.

When a 3D local horizon NEE network is loaded into COLUMBUS, any local NEUE station with both the
north and east component set to zero are assigned arbitrary 2D coordinates for graphical display. Stations
assigned these arbitrary 2D coordinates will not be represented on-screen as they occur in the field, but it
does allow you to see how each is connected to other stations. The color of each such station name will
match the color setting for the Station Names with Coords of Zero option, set up in the OPTIONS -
COLORS dialog.

Tip: Any time you add or modify data within the current project, you should periodically save the data to
disk using the FILE - SAVE or FILE - SAVE AS command.
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Summary of Instructions For Solving Networks

The following sections contain summaries of the steps recommended to solve 1D vertical, 2D geodetic, 3D
geodetic, 3D ECEF XYZ, 2D State Plane, 3D State Plane, 2D UTM, 3D UTM, 2D local horizon NE, and 3D
local horizon NEE networks. The steps are provided as an outline to aid you in becoming familiar with
COLUMBUS. Each sample project file shipped with COLUMBUS also contains similar steps for
adjustment.

1D Vertical Networks

The 1D vertical network example used in this section is contained within the VERTICAL.TXT project file
shipped with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using the FILE -
OPEN command. Next, select the VIEW menu. Notice the active view type is 1D Vertical (there should be
a check mark next to it). Selecting 1D Vertical as the active view type puts the network adjustment context
into 1D Vertical mode.

1. Set up the following network parameters within the OPTIONS dialogs. For the VERTICAL.TXT
network, we used the following non-default settings:

Linear Units set to Meters (UNITS dialog)
1D Network Type set to Distance Weighted (NETWORK OPTIONS - NETWORK SETTINGS dialog).
For this network, the distances are expressed in kilometers.

2. Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, invoke the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

3. Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations BOB and FAYE to be fixed in 1D. Click on
the OK button.

4. Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

5. Begin the network adjustment by selecting the ADJUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

6. The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to examine a report style look at the view.

To examine the Height Confidence Intervals for any adjusted station or between stations, double click
within the applicable vertical bars in the Adjusted Network View.
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To examine the adjusted height for a station, double click on the station symbol in the Adjusted
Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

7. Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with your results.
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2D Geodetic Networks

The 2D geodetic network example used in this section is contained within the BEAR2D.TXT project file
shipped with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using the FILE -
OPEN command. Change the active view type in the VIEW menu to 2D Geodetic. This puts the network
adjustment context into 2D Geodetic mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the BEAR2D.TXT network,
we used the following non-default settings:

Linear Units set to U.S. Survey Feet (UNITS dialog)
2D Height to 6000.0 feet (GLOBAL SETTINGS dialog)
Rotate Bearings enabled (NETWORK OPTIONS - NETWORK SETTINGS dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, invoke the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Station 1 to be fixed in 2D. Click on the OK button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable ellipse in the Adjusted Network View.

To examine the adjusted latitude and longitude for a station, double click on the station symbol in the
Adjusted Network View. The height component is fixed in a 2D geodetic adjustment.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with your results.
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3D Geodetic Networks

The 3D geodetic network example used in this section is contained within the BIGBASIN.TXT project file
shipped with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using the FILE -
OPEN command. Change the active view type in the VIEW menu to 3D Geodetic. This puts the network
adjustment context into 3D Geodetic mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the BIGBASIN.TXT
network, we used the following non-default settings:

Linear units set to Meters (UNITS dialog)
3D Geodetic Height set to Ellipsoidal Height (GLOBAL SETTINGS dialog)
GPS Scale and Rotation parameters enabled (NETWORK OPTIONS - NETWORK SETTINGS dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, choose the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations CARBON, CHANEY, FORT LEWIS and
LA PLATA to be fixed in 3D. Click on the OK button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable adjusted error ellipse in the Adjusted Network View.

To examine the adjusted geodetic coordinates for a station, double click on the station symbol in the
Adjusted Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with the results.
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3D ECEF XYZ Networks

The 3D ECEF XYZ network example used in this section is contained within the BIGBASIN.TXT project file
shipped with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using the FILE -
OPEN command. Change the active view type in the VIEW menu to Cartesian XYZ. This puts the network
adjustment context into ECEF XYZ mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the BIGBASIN.TXT
network, we used the following non-default settings:

Linear units set to Meters (UNITS dialog)
GPS Scale and Rotation parameters enabled (NETWORK OPTIONS - NETWORK SETTINGS dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, choose the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations CARBON, CHANEY, FORT LEWIS and
LA PLATA to be fixed in 3D. Click on the OK button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable adjusted error ellipse in the Adjusted Network View.

To examine the adjusted ECEF XYZ coordinates for a station, double click on the station symbol in the
Adjusted Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with the results.
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2D State Plane Networks

The 2D State Plane network example used in this section is based on the data contained within the
STATEPLANE.TXT project file shipped with COLUMBUS. We have provided 3D results for this project, but
you can also use this file for a 2D adjustment as well. To adjust in 2D, open this project file into
COLUMBUS using the FILE - OPEN command. Change the active view type in the VIEW menu to State
Plane (2D). This puts the network adjustment context into 2D State Plane mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the STATE.TXT network, we
used the following non-default settings:

Linear Units set to Meters (UNITS dialog)
2D Height to 2000.0 meters (GLOBAL SETTINGS dialog)
State Plane Zone to IDAHO 1103 (PROJECTION ZONES - STATE PLANE ZONES dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, invoke the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Station A and F to be fixed in 2D. Click on the OK
button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable ellipse in the Adjusted Network View.

To examine the adjusted north and east for a station, double click on the station symbol in the Adjusted
Network View. The height component is fixed in a 2D State Plane adjustment.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
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through the remaining steps. Continue this process until you are satisfied with your results.
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3D State Plane Networks

The 3D State Plane network example used in this section is contained within the STATEPLANE.TXT
project file shipped with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using
the FILE - OPEN command. Change the active view type in the VIEW menu to State Plane (3D). This
puts the network adjustment context into 3D State Plane mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the BIGBASIN.TXT
network, we used the following non-default settings:

Linear units set to Meters (UNITS dialog)
State Plane Zone to IDAHO 1103 (PROJECTION ZONES - STATE PLANE ZONES dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, choose the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations A and F to be fixed in 3D. Click on the OK
button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable adjusted error ellipse in the Adjusted Network View.

To examine the adjusted north, east, and orthometric height coordinates for a station, double click on
the station symbol in the Adjusted Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with the results.
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2D UTM Networks

The 2D UTM network example used in this section is contained within the UTM.TXT project file shipped
with COLUMBUS. We have provided 3D results for this project, but you can also use this file for a 2D
adjustment as well. To adjust in 2D, open this project file into COLUMBUS using the FILE - OPEN
command. Change the active view type in the VIEW menu to UTM (2D). This puts the network adjustment
context into 2D UTM mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the UTM.TXT network, we
used the following non-default settings:

Linear Units set to Meters (UNITS dialog)
2D Height to 2000.0 meters (GLOBAL SETTINGS dialog)
Central Meridian to -117.0 degrees (PROJECTION ZONES - UTM ZONE SETUP dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, invoke the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Station A and F to be fixed in 2D. Click on the OK
button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable ellipse in the Adjusted Network View.

To examine the adjusted north and east for a station, double click on the station symbol in the Adjusted
Network View. The height component is fixed in a 2D UTM adjustment.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with your results.
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3D UTM Networks

The 3D UTM network example used in this section is contained within the UTM.TXT project file shipped
with COLUMBUS. To duplicate our results, open this project file into COLUMBUS using the FILE - OPEN
command. Change the active view type in the VIEW menu to UTM (3D). This puts the network adjustment
context into 3D UTM mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the UTM.TXT network, we
used the following non-default settings:

Linear units set to Meters (UNITS dialog)
Central Meridian to -117.0 degrees (PROJECTION ZONES - UTM ZONE SETUP dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, choose the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations A and F to be fixed in 3D. Click on the OK
button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable adjusted error ellipse in the Adjusted Network View.

To examine the adjusted north, east, and orthometric height coordinates for a station, double click on
the station symbol in the Adjusted Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with the results.
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2D and 3D Local Horizon Networks

COLUMBUS supports both local horizon 2D NE (north, east) and 3D NEE (north, east, orthometric height)
adjustments. Curvature and convergency corrections are automatically applied (based on the approximate
network latitude) resulting in very accurate adjustments when projects are confined to a small area
(recommended size should be less than 1km square). For projects larger than 1km square, we
recommend you use a 2D/3D geodetic, 2D/3D State Plane or 2D/3D UTM adjustment.

2D Local Horizon NE Networks

The 2D local horizon NE network example used in this section is contained within the NEE.TXT project file
shipped with COLUMBUS. This project can be adjusted as either a 2D local horizon NE network or as
a 3D local horizon NEE network. To duplicate our results, open this project file into COLUMBUS using
the FILE - OPEN command. Change the active view type in the VIEW menu to Local NE. This puts the
network adjustment context into 2D Local Horizon NE mode. The adjustment results contained in the
NEE_RPT.TXT report file are based on a 3D local horizon NEE adjustment, not the 2D local horizon
NE adjustment.

1. Set up the following network parameters within the OPTIONS dialogs. For the NEE.TXT network, we
used the following non-default settings:

Linear Units set to Meters (UNITS dialog)
2D Height to 1000.0 meters (GLOBAL SETTINGS dialog)
Approximate Latitude to 45.0 (GLOBAL SETTINGS dialog)

2. Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, invoke the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

3. Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Station A to be fixed in 2D. Click on the OK button.

4. Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

5. Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

6. The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
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applicable ellipse in the Adjusted Network View.

To examine the adjusted north and east coordinates for a station, double click on the station symbol in
the Adjusted Network View. The height component is fixed in a 2D local horizon NE adjustment.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

7. Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with your results.
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3D Local Horizon NEE Networks

The 3D local horizon NEE network example used in this section is contained within the NEE.TXT project
file shipped with COLUMBUS. This project can be adjusted as either a 2D local horizon NE network
or as a 3D local horizon NEE network. To duplicate our results (found in the NEE_RPT.TXT file), open
this project file into COLUMBUS using the FILE - OPEN command. Change the active view type in the
VIEW menu to Local NEUE. This puts the network adjustment context into 3D Local Horizon NEE mode.

1.

Set up the following network parameters within the OPTIONS dialogs. For the NEE.TXT network, we
used the following non-default settings:

Linear units set to Meters (UNITS dialog)
Approximate Latitude to 45.0 (GLOBAL SETTINGS dialog)

Define the stations and observations that will be used in the current adjustment. Stations not selected
(to be in the network) will not be used in the adjustment.

Enter the NETWORK menu and select the NETWORK STATIONS command. Alternatively, choose the
SELECT NETWORK STATIONS toolbar button. Click on the Select All button to select all the stations
to be used in the current adjustment. Click on the OK button.

Enter the NETWORK menu and select the FIXED STATIONS command. Alternatively, invoke the
SELECT FIXED STATIONS toolbar button. Click on Stations A to be fixed in 3D. Click on the OK
button.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, invoke the
SELECT OBS toolbar button. Click on the Select All button to select all the observations to be used in
the current adjustment. Only observations linked to the selected network stations will be presented.
The observations in this window are ordered alphabetically by the AT and TO station names. Click on
the OK button.

Begin the network adjustment by selecting the ADUSTMENT command form the NETWORK menu or
by clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS
displays each processing step. After the adjustment is completed, review the adjustment summary
view. Select the ADJUSTED NETWORK VIEW command from the RESULTS menu to graphically
review the adjusted network.

The following views and several others can be brought up from within the RESULTS menu. For each
view, try the PRINT PREVIEW command to see a report style look at the view.

To examine the Error Ellipses for any adjusted station or between stations, double click within the
applicable adjusted error ellipse in the Adjusted Network View.

To examine the adjusted Local NEE coordinates for a station, double click on the station symbol in the
Adjusted Network View.

To examine the adjusted observation between any two stations, double click on the line connecting the
station pair in the Adjusted Network View.

Return to any of the steps, make modifications (e.g., add or remove observations), then continue
through the remaining steps. Continue this process until you are satisfied with the results.
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Load BIGBASIN.TXT Sample Network

For the remainder of this chapter, the discussion will focus on 3D Geodetic network adjustment and 3D
Geodetic network pre-analysis. Where appropriate, 1D Vertical and 2D Geodetic network adjustment
topics will be mentioned where they differ from the 3D Geodetic model.

You can think of a 3D geodetic network adjustment/pre-analysis as a superset of 1D and 2D networks. The
steps for performing 1D network adjustments and 2D network adjustments/pre-analyses are very similar to
those required for performing 3D geodetic network adjustments/pre-analyses, but fewer results are
applicable.

COLUMBUS - BIGBASIN. TXT NG
File Wiews Data Metwork Results  Tools  Options  window  Help

DEFH@& 2z BanHHEE BloBE8SAHum < >|] 40088

% BIGBASIN.TXT

For Help, press F1 |30 Geodeticview M 37-11-20.2 W 107-S5-49.1 [ElipHat  |Was 64 |Degrees [Meters

The discussion for the remainder of this chapter and the next (NETWORK RESULTS) is based on the
BIGBASIN.TXT project shipped with your copy of COLUMBUS. You will also find a project file called
BIGBASIN_NET.TXT as part of the installation. This file is identical in data content to BIGBASIN.TXT, but
it also includes all the predefined Options Settings that we ask you to make below when using
BIGBASIN.TXT. This file also identifies the pre-selected network stations, those that will be held fixed, and
the observations that are to be used.

Enter the OPTIONS - LIBRARY MANAGER and set the default option set to Columbus Initial Options. If
you currently have a library set called Columbus Initial Options (mod), rename the set before continuing.

Load BIGBASIN.TXT using the FILE - OPEN command and set the following OPTIONS settings:

Linear Units set to meters (UNITS dialog)

GPS Scale and Rotation parameters enabled (NETWORK OPTIONS - NETWORK SETTINGS dialog)
3D Geodetic Height to ellipsoidal height (GLOBAL SETTINGS dialog)

State Plane Zone to COLORADO S 503 (PROJECTION ZONES - STATE PLANE ZONES)

UTM Central Meridian to -105.0 degrees (PROJECTION ZONES - UTM ZONE SETUP)
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Selecting the Network Data

After loading your project file, COLUMBUS allows you to interactively select station and observation data
for the adjustment. There is no need to change your project file to make these changes. You project file
never changes unless to invoke one of the SAVE options in COLUMBUS.

It is not necessary to use all the stations and observations (within the project) for the current adjustment.
Suppose a network is adjusted that contains a bad observation. You can easily omit this observation from
the network, then readjust without changing your project file. You may also select any number of
combinations of subnetworks to adjust by selecting the appropriate stations. COLUMBUS was developed
to facilitate this type of “what-if”’ analysis by solving subnetworks on-the-fly.

If you omit any station from the current adjustment, all observations linked to this station will
automatically be ignored.

The figure below displays what is meant by solving a 3D network as a series of subnetworks. This network
consists of six GPS baselines (solid lines) and several terrestrial observations (dashed lines). Two of the
stations (B and E) are 3D control stations with known geodetic positions. The remainder of the station
positions are unknown.

Known Control Station

Unknown GPS
Surveyed Station

Unknown Conventional
Surveyed Station
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Suppose you wish to adjust the GPS portion of this network independently of the terrestrial portion. One
way to do this is to select only the GPS stations to be in the network, then select Stations B and E as 3D
control stations. Only the GPS observations would be applicable. After the adjustment of this subnetwork,
you can Keep the adjusted coordinates for Stations A, D and C into the project to hold fixed in the next
adjustment phase.

A B A Known Control Station

/. Unknown GPS
Surveyed Station
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To complete the project, select all stations to be included in the network and hold the GPS stations
computed earlier (Stations A, B, C, D, E) to be fixed in 3D. Within the SELECT OBSERVATIONS dialog
simply disable the GPS observations, since they are not needed for this adjustment.

A B A Known Control Station

(O Unknown Terrestrial
Station
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Network Stations

To define the stations that will be included in the current adjustment, enter the NETWORK menu and
invoke the NETWORK STATIONS command. Alternatively, click on the SELECT NETWORK STATIONS
toolbar button. Click on the Select All button to select all the stations to be used in the current adjustment.
Click on the OK button to accept the changes and close the dialog.

- COLUMBUS - BIGBASIN.TXT =G E3
File view Data MNetwork Results Tools Options Window Help

NFH& T xQHatHHMRE EloBE@SAHu < >|] 400588
* BIGBASIN. TXT

Select None

" CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-03.6 W 108-03-31.1 [ElipHgt |WGS 84 |Degrees [Meters

Any station selected is now part of the network you plan to adjust. Any station not selected is removed from
the adjustment. Any observations linked to unselected stations will not be part of the adjustment. Stations
and observations, that are not part of the current adjustment, are still in the project. They will continue to be
visible within the project view. They will not be visible within the ADJUSTED NETWORK VIEW described
in the RESULTS chapter.

For the BIGBASIN.TXT network, select all stations to be included in the adjustment.
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Fixed Stations

Enter the NETWORK menu and invoke the FIXED STATIONS command. Alternatively, click on the
SELECT FIXED STATIONS toolbar button. A list of all available network stations (selected above) will be
presented. To select a fixed station, first click on the Selection Type, then click the station name.

1D Vertical Stations set to 1D will have their height held fixed. Select one or more 1D stations by
clicking on each with the mouse. The known heights for these stations must be defined in
the project prior to the adjustment.

For the VERTICAL.TXT network, we selected stations BOB and FAYE to be fixed in 1D.

2D Geodetic  Stations set to 2D will have their latitude/longitude or north/east (depending on network
type) held fixed. Select one or more 2D stations by clicking on each with the mouse. The
known latitude/longitude or north/east must be defined in the project prior to adjustment.

For the BEAR2D.TXT network, we selected Station 1 to be fixed in 2D. To fix only the
latitude for a station, but not its longitude, please see the next section, CONSTRAINED
STATIONS.

File Wiew Data Metwork Resuts Tools Options ‘Window Help
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" CHANEY

For Help, press F1 |30 Geodetic iew M 37-16-00.7 W 108-05-03.5 [ElipHgt |WGs 84 |Degrees [Meters

3D Geodetic ~ Stations held fixed in 3D must have their known latitude, longitude (or north or east,
depending on the adjustment type) and/or height (orthometric or ellipsoidal, depending on
adjustment type) components already defined in the project. For the BIGBASIN.TXT
network, we selected Stations CARBON, CHANEY, FORT LEWIS and LA PLATA to be
fixed in 3D. To fix only the latitude for a station, but not its longitude, please see the next
section, CONSTRAINED STATIONS.
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Constrained Stations

Enter the NETWORK menu and invoke the CONSTRAINED STATIONS command. A list of available
network stations will be presented. This option is not available for 2D/3D State Plane, 2D/3D UTM and
2D/3D local horizon networks.

1D Vertical When a station is set to be 1D constrained, a coordinate height observation is created.
Select one or more stations to be constrained in 1D by clicking on each with the mouse.
The known heights and height standard deviation for these stations must be defined in the
project prior to the adjustment.

For the VERTICAL.TXT network, no stations have been set to be constrained.

2D Geodetic  When a station is set to be 2D constrained, two coordinate observations are created (one
for latitude and one for longitude). Select one or more stations to be constrained in 2D by
clicking on each with the mouse. The known latitude, longitude, and their standard
deviation must be defined in the project prior to adjustment.

For the BEAR2D.TXT network, no stations have been set to be constrained.

File Wiew Data Metwork Resuts Tools Options ‘Window Help
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FORT LEWIS
LA PLATA

" CHANEY

For Help, press F1 |30 Geodetic iew M 37-15-54.9 W 108-04-43.6 [Elip Hgt [WGS 84 |Degrees [Meters

3D Geodetic  When a station is set to be 3D constrained, three coordinate observations are created
(one for latitude, one for longitude, and one for height). The known latitude, longitude,
height and their standard deviation must be defined in the project prior to adjustment.

For the BIGBASIN.TXT network, no stations have been set to be constrained.

After choosing the stations to constrain, click on the OK button to accept the changes. Any coordinate
component selected to be constrained becomes an observation in the network.
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Coordinate observations are occasionally used to constrain or hold a station “relatively” fixed during an
adjustment. We say relatively fixed, because the station can actually move. Like most observations, the
magnitude of weight you assign to a coordinate observation is determined by its standard deviation. The
smaller the standard deviation, the less the coordinate can move during the adjustment. A large coordinate
standard deviation allows the station to move as much as the network dictates. If your network is very
tight and you have a good coordinate for each constrained station, the constrained stations will not
move much, no matter how large their standard deviations.

To define the standard deviation for each applicable coordinate observation, do the following:

1D Vertical Edit the station height coordinate standard deviation field within the DATA - STATIONS -
HEIGHT dialog or directly within the project file. You 1D vertical network observations
should be weighted by standard deviation and not by the distance or number of
setups between stations.

2D Geodetic  Coordinate observations for 2D geodetic networks allow the movement of latitude or
longitude for known stations (during a network adjustment). To allow the latitude for each
known station to move, but not the longitude, set the station to be constrained instead of
fixed. Make sure you have entered a very small standard deviation for each constrained
station longitude (for example, 0.0000001 meters). Assign each constrained station
latitude a much larger standard deviation (for example, 0.025 meters) so that it may move.

Coordinate observations (for latitude and longitude) and their standard deviations can be
modified within the DATA - STATIONS - GEODETIC grid or directly within the project file.

.3D Geodetic Coordinate observations for 3D geodetic networks also allow the movement of latitude,
longitude and/or height (orthometric or ellipsoidal, depending on the adjustment context)
for known stations (during a network adjustment). To allow the latitude for each known
station to move, but not the longitude, set the station to be constrained in 2D, instead of
fixed in 2D. Make sure you have entered a very small standard deviation for each
constrained station longitude (for example, 0.0000001 meters). Assign each constrained
station latitude a much larger standard deviation (for example, 0.025 meters) so that it
may move.

Coordinate observations (for latitude, longitude and height) and their standard deviations
can be modified within the DATA - STATIONS - GEODETIC grid or directly within the
project file.

If you plan to use coordinate observations, you should fully understand the consequences of doing so.
Generally, coordinate observations are used to propagate the uncertainty in adjusted coordinates from a
prior survey into your current network adjustment.

COLUMBUS also supports detail geodetic coordinate observations (with full covariance matrix).
One or more coordinate observations can be specified for each station. When using this type of
coordinate observation (see the DATA chapter, Editing Geodetic Coordinate Observations) for a station,
the station does not need to be fixed or constrained (as described above). The coordinate observation will
be automatically integrated into the adjustment.
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Observations

The OBSERVATIONS command allows you to select the observations to be included in the network
adjustment. When this command is invoked, COLUMBUS gathers all valid observations pertaining to the
selected network stations.

Enter the NETWORK menu and select the OBSERVATIONS command. Alternatively, choose the SELECT
OBS toolbar button. The observations in this window are ordered alphabetically by the AT and TO station
names.

This dialog must be invoked if the network station selections or constrained station selections have
been changed. Changing these selections will change the observations that are valid for the network
adjustment (hence, it is best to just reselect your observations). If you choose to use all valid observations,
simply enter this dialog, click on the Select All button, then select the OK button. To remove one or more
observations from the network adjustment, Ctrl-click on the observations to un-highlight them, then click on
the OK button.

' COLUMBUS - BIGBASIN.TXT

File ‘View Data MNetwork Resufs Todls Options Window Help
DE &2 x P EFolHHEREBXB|lo ERS AW S| 248588
i BIGBASIN.TXT

FORT LEWIS

Select None

Dizabled Observations Are Mot Displayed In This List

%TA

For Help, press F1 |30 Geodetic iew M 37-15-53.6 W 108-00-37.2 [ElipHgt  |[WGSs 84 |Degrees [Meters

CHAMNEY

In the screen shown above, all observations are currently tagged as being part of the network.
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Run The Network Adjustment

Begin the network adjustment by selecting the ADJUSTMENT command from the NETWORK menu or by
clicking on the START ADJUSTMENT toolbar button. As the adjustment proceeds, COLUMBUS displays
each processing step.

1.

The connectivity for all the stations within the network is checked. Using one control station (fixed or
constrained) as a starting point, COLUMBUS determines whether every other station is connected to
this station (directly or indirectly) by at least one valid observation. If this test fails, you may have
selected more than one contiguous network. The station names shown in the dialog are not connected
to the main network.

COLUMBUS then attempts to compute approximate coordinates for all floating stations within the
network using the selected observations and control stations. Approximate coordinates are required
prior to any 2D or 3D network adjustment to serve as an initial starting solution. The closer the initial
solution is to final solution, the faster the adjustment will complete. Approximate heights are not
required for 1D Vertical networks, but COLUMBUS computes them anyway.

If COLUMBUS cannot compute the approximate coordinate for any station, you will be given an
opportunity to view the current coordinates for those stations. This is not a fatal error. If for any such
station, the coordinate currently in the project is reasonably close to its actual position, you can
continue with the adjustment process. If the coordinate within the project is not realistic, you should
enter a better coordinate in the DATA - STATIONS - GEODETIC grid, otherwise, the adjustment may
not converge to a final solution. To use known and computed coordinates together, please review the
Use Known Approx Coords First checkbox in the OPTIONS - NETWORK OPTIONS - NETWORK
SETTINGS tabbed dialog.

The ability to invert the covariance matrix for each GPS baseline (if applicable) is verified. The inverse
of each covariance matrix becomes the weight matrix for each baseline. Any invalid covariance matrix
can be viewed. Bad GPS baseline covariance matrices must be removed from the network
before the adjustment process can continue. This problem rarely occurs.

The degrees of freedom for the selected network is them computed. The degrees of freedom must be
greater than zero to perform an adjustment.

The available disk space on the drive (defined within the OPTIONS - DIRECTORIES dialog, KBG
Work Files Directory) is checked. During network adjustments, a few intermediate data files are
created. These files can be identified by their *.KBG extension. COLUMBUS automatically deletes and
rebuilds these files with each new adjustment. When you close the current project or begin a new
adjustment, these files are automatically deleted. If there is enough disk space available to
accommodate these files, COLUMBUS continues to the next step.

In order to minimize the number of coefficients generated during the least squares adjustment, an
internal reordering of network stations is performed. In doing so, the optimal solution can be
determined quicker and often with greater numerical stability.

COLUMBUS then checks to be sure that every station has a different set of approximate coordinates.
This is done to ensure that only one station definition (for the same point on the ground) is defined.

Corrections to terrestrial observations for mark-to-mark reductions, deflections of the vertical, etc., are
applied on each iteration. These corrections are made to the original observed measurements. This is
performed on each iteration, because accurate coordinates are required to make some of these
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corrections. On each iteration, if the adjustment is converging, the coordinates are usually getting
better (under normal circumstances) and thus corrections can be re-calculated with greater accuracy.
Deflection of the vertical corrections only apply to 3D geodetic networks.

9. Next, the weights for all observations are calculated. They are used on each iteration of the
adjustment.

10. When the adjustment has completed, the sums of squared residuals (for all observations) have been
minimized. When the adjustment converges to an optimal solution, COLUMBUS computes the inverse
matrix for the final system of equations. The inverse matrix is required for all statistical analyses.
Because the inverse matrix is typically 100% dense (only the lower diagonal is computed and stored),
thousands of computations are involved for large networks. COLUMBUS then computes the residuals
for each observation and performs the Chi-square statistical test to evaluate the consistency of the
predicted errors (your a priori standard deviation for each observation) versus the actual errors
(residuals) found in the network.

When COLUMBUS has completed the adjustment, the summary statistics are displayed. This tells you the
results of the Chi-squared test on the a posteriori variance factor (i.e., if it is statistically larger or smaller
than 1.0). COLUMBUS also indicates the degrees of freedom and the confidence level selected.

As the residuals are being computed, COLUMBUS compares each standardized residual against the
Standardized Residual Rejection Constant. The following formula applies:

residual
residual standard deviation

= the standardized residual for each observation

If the observation standardized residual exceeds this constant, the observation is tagged as a possible
outlier. The total number of standardized residuals exceeding the Standardized Residual Rejection
constant is shown adjacent to the Standardized Residuals Rejections text.

COLUMBUS also computes the number of observations with residuals significantly larger than their a priori
standard deviation. The a priori standard deviation for each observation is provided by you (typically for
conventional observations) or, in the case of GPS, by the receiver manufacturer. This test computes (for
each observation) the ratio of its:

residual
a priori standard deviation

If this ratio exceeds the Residual/A Priori Stan Deviation Rejection constant (set up in the OPTIONS -
NETWORK OPTIONS - OUTLIER CONSTANTS dialog), the observation is tagged as a possible outlier.
The total number of observations with residuals exceeding this test are shown adjacent to the Resid/SD
Rejections text.

COLUMBUS then determines the number of observations with residuals larger than the each
Observation’s Residual Rejection constant. The total found are shown adjacent to the Residual
Rejection text.

COLUMBUS then scans all observations to see if any have a residual of zero. These observations are
tagged as NoCheck (i.e., flylined, stubbed, sideshot, etc.) observations. NoCheck observations have not
been adjusted, indicating they may be tied to a flyline station (sideshot stations with no redundant

5-60 Copyright 1998-2009 Best-Fit Computing, Inc.



observations measured into them).

Finally, COLUMBUS generates all selected (and applicable) reports that have been set up in the OPTIONS
- NETWORK OPTIONS - REPORT SETTINGS dialog. Each report is written (in succession) to the

Network Processing Summary window. From there, they can be viewed, printed, print previewed or save
off to a report file.

Copyright 1998-2009 Best-Fit Computing, Inc. 5-61



Stop Processing

This option allows you to stop the network pre-analysis/adjustment before it has completed. You must
close this view in order to change network station and observation selections.
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Network Processing Summary

This view displays real-time status messages for the current pre-analysis/adjustment (as it occurs) and a
summary of information after processing has completed. Closing this view clears all results from the
adjustment. Therefore, leave this view open until you are ready to abandon the current visual

adjustment results.

Selected network reports (set up in the OPTIONS - NETWORK OPTIONS - REPORT SETTINGS tabbed
dialog) will also be written to the summary view. You can then scroll down through the reports, page
through the reports using the FILE - PRINT PREVIEW command, or save the reports to an output file. To
save the reports to an output file, use the RESULTS - REPORT command or click on the Report Toolbar
button. COLUMBUS will prompt you for the name of a report file. All applicable enabled reports will be

written to this file.
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The status box above shows the following summary data for the adjusted BIGBASIN.TXT 3D Geodetic

network:

* Field Observations

*  Coordinate Observations

» Total Observations

*  Number of Stations

»  Stations Fixed In 1D

»  Stations Fixed In 2D

»  Stations Fixed In 3D

* Float Coordinate Parameters
* Direction Parameters

*  GPS Scale Parameters (see the OPTIONS chapter for more information)
* GPS Rotation Parameters (see the OPTIONS chapter for more information)

e Total Parameters
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» Degrees of Freedom

* A Priori variance factor

» A Posteriori variance factor

+ Confidence Level

»  Chi Square test On Variance factor

*  Number Of No Check (sideshots) Observations

»  The number of possible outlier observations for each of the three outlier tests.
*  The number of lterations and Processing Time

To scroll back through the summary, use the vertical scroll bar. To report the adjustment summary (and any
reports in the summary window), click on the REPORT toolbar button or invoke the FILE - PRINT
PREVIEW command.

COLUMBUS computes the GPS scale and rotation parameters based on the mean position (latitude and
longitude) of the 2D and 3D control stations. During the adjustment, COLUMBUS scales and rotates each
GPS observation to better fit the local control in your project (optionally enabled within the OPTIONS -
NETWORK OPTIONS - NETWORK SETTINGS dialog). This will often lead to better constrained
adjustments when GPS observations are used. Each parameter standard deviation is also computed and
displayed.

Rotation and scaling of GPS vectors is commonly used to fit the WGS 84 based GPS vectors to non WGS
84 datums. Good rotation and scaling corrections are usually indicated by standard deviations (for each
parameter) significantly less than the parameters themselves. In our example, the rotation standard
deviations are significantly smaller than the applied rotation results. Scale, on the other hand, is not. The
scale correction may not be improving our adjustment results.

The scale factor is shown in PPM (parts per million). Another way of looking at this number using the
example above is:

03168 )
— ] + - 0.
(1000000.0 1.0 = 0.99999968

If a parameter is not computed, because it has not been enabled in the OPTIONS module, the result for
that parameter will be zero. For our BIGBASIN.TXT network, our rotation seems to have been effective,
since the computed Standard Deviations are significantly less than the computed parameters (rotation
about North, East and Up). It might be worth while turning off the scaling parameter to see if the adjustment
results improve. Note: This network has built-in distortion for demonstration purposes.

COLUMBUS also reports the a posteriori variance factor (see next section) for each observation type (or
in the case of GPS or Geo Coord Obs - by observation set). By examining these values, you may infer that
certain observations types (or sets in the case of GPS and Geo Coord Obs) are not getting weighted
properly given the adjustment results.

For example, if the a posteriori variance factor is 37.50 for your horizontal angles and 2.10 for your chord
(slope) distances, then you might want to double check the weighting being applied to these observation
types (via their standard deviations). It could be that your horizontal angle standard deviations are too
optimistic (too small). There is no hard and fast rule to apply in this situation, but it still may be worth
investigating further.
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Aposteriori Variance Factor

When a network is adjusted, a mathematical quantity known as the a posteriori variance factor is
computed. It is also commonly referred to as the variance of unit weight. It is a statistical measure of how
well your adjustment results matched your expected results - as given by your apriori standard errors
(standard deviations) for the observations. Another way of expressing this number is by taking its square
root, which is commonly referred to as the standard error of unit weight.

The a posteriori variance factor for the entire network includes the results from all observations. It is a
single value to describe the network as a whole. The a posteriori variance factor for inividual observation
types, is only for those observation types. The sum total of all a posteriori variance factors for all
observation types is equal to the a posteriori variance factor for the entire network.

If the a posteriori variance factor is significantly different from 1.0, we have statistical evidence for
suspecting one of the following:

1. The a priori standard deviations for some or all observations have been incorrectly estimated. They
may be to small or they may be to large.

2. The model chosen to relate the observations to the unknown parameters (unknown coordinates) was
incomplete or not correct, or the observations contain systematic components (errors) which are not
modeled properly. For example: distances may need to be scaled slightly if the EDM is out of
calibration; or you may have reduced (to sea level) your distances, but you are still defining them as
slope distances; or you may have a rod man not holding the prism correctly - thus introducing a
systematic error at each target.

In many cases, the second reason for failure of this test can be confirmed through outlier detection
and the appropriate action taken. In the event that the failure cannot be confirmed, we must assume the
a priori standard deviations were incorrectly estimated and proceed with further statistical procedures
using the a posteriori variance factor, since it is now the only information we have about the scaling of the
a priori standard deviation for each observation.

In general:

« If the a posteriori variance factor is statistically larger than 1.0, the predicted errors (a priori
standard deviations) are too small (for the network as a whole or by observation type - depending
on the value you are examining) and the observations were adjusted more than what was
expected. For example: you indicated that your horizontal angles were good to +- 5 seconds (as
defined in the standard deviation for each horizontal angle), but many of the horizontal angles
were actually adjusted by 20 seconds. This could be a blunder in some observation (bad distance,
angle, GPS baseline, etc.) that causes warping of the horizontal angles or it could be unrealistic
horizontal angle expected errors (+- 5 seconds).

« If the a posteriori variance factor is statistically smaller than 1.0, the predicted errors (a priori
standard deviations) are too large (for the network as a whole or by observation type - depending
on the value you are examining) and the observations were adjusted less than what was expected.
For example: you indicated that your slope distances were good to +- 0.010 meter (as defined in
the standard deviation for each distance), but many of the distances were actually adjusted by only
0.005 meter. You did better in the field (for this observation type) than you expected to do.
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Degrees of Freedom

The Degrees of Freedom (DF) influences all statistical analyses. The degrees of freedom is the number of
extra observations you have provided above and beyond the minimum required to define the network. In
general, networks with higher degrees of freedom (redundancy) are more useful for detecting blunders and
improving their reliability.

1D Vertical The formula used to compute the degrees of freedom for 1D vertical networks is:

DF = (total observations + number of fixed stations) — number of network station.

Note: Any constrained station counts as one additional observation.
2D Geodetic  The formula used to compute the degrees of freedom for 2D networks is:

DF = total observations + (2 * number of fixed stations) - (2 * number of network stations) -
number of direction observation sets

Note: Any constrained station component counts as one additional observation for latitude
and one for longitude.

3D Geodetic  The formula used to compute the degrees of freedom for a 3D networks is:

DF = total observations + number of stations fixed in 1D + (2 * number of stations fixed in 2D)
+ (3 * number of stations fixed in 3D) - (3 * number of network stations) - number GPS
parameters computed (scale, rotation N, rotation E, and rotation Up) - number of
direction observation sets

Note: Any constrained station component counts as one additional observation for
latitude, one for longitude, and one for height (orthometric or ellipsoidal).

The degrees of freedom reflects the redundancy within the network. To increase the redundancy, add
additional observations. Networks that have no redundancy (i.e., DF < 0) cannot be adjusted.

You should refer to any modern reference on surveying for further discussion on redundancy and its effects
on network analyses. From a strictly conceptual standpoint, the greater the number of pathways for
computing each station, the greater the likelihood you will form a strong network with high integrity.
Networks which are minimally defined (low degrees of freedom) have a greater chance of containing
undetectable errors.

Remember, even networks with high redundancy can be poorly defined. Strong terrestrial
networks (using conventional observations) require balanced geometric structure, not simply
more observations.
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Saving the Adjusted Network

The SAVE NETWORK command allows you to save the current network characteristics to an ASCII (Text)
project file for future use. This file can be loaded at a later session using the FILE - OPEN command. It
contains all the options settings, stations selections (whether floating, fixed or constrained; 1D, 2D or 3D)
and observation selections that where used in the adjustment.
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By saving, then later loading this file, you can perform exactly the same adjustment without having to
remember exactly what station, observation, and options settings were used. This is very handy when
solving many variations of each network (using different station/observation combinations) and you wish to
repeat an adjustment that was computed earlier.

After selecting a file name, you will be asked if you want to only save the actual station and observation
data that were used in the adjustment.

Select YES to only save project data applicable to the current adjustment.
Select NO to save all data from the project. When NO is selected, stations and observations that are in the

project (but not selected to be in the adjustment), will also be saved into the file. When this file is loaded at
a later date you can simply ignore the non-network stations and observations.
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Create Network DXF

This option allows you to create a DXF file from the current network. You will be prompted for the name of
the DXF file. COLUMBUS will not automatically add a DXF extension. Therefore, you should enter the full
file name with the DXF extension if your CAD package requires the DXF extension.

[ [=]x]
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DXF file settings can be set up within the OPTIONS - EXPORT FILE SETUP - DXF dialog. Please consult
the OPTIONS chapter for a complete discussion of the DXF options available.

For a geodetic network adjustment, the adjusted geodetic coordinates are first transformed to a Local NEU
(north, east, up) coordinate system with its origin at the center of the project. The local up component is
dropped and each station is assigned the resulting Local North and East coordinate.
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Clear Analysis/Adjustment

This option allows you to clear the completed pre-analysis/adjustment. Invoking this command clears all
computed data associated with the current project and closes all network result views.
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Adjustment (Free - Eliminate Outliers)

One of the many challenges facing surveyors is the identification of bad observations (measurements) in
their field data. Loop closure computations can help to isolate poor quality measurements (outliers) and
COLUMBUS provides tools to perform loop closures in both GPS, terrestrial, and mixed surveys.

However, even after all known poor quality observations have been removed, occasionally a few remain
hidden in the network.

During a least squares network adjustment, any remaining poor quality observations will degrade the
quality of your adjustment. One of the downsides of the least squares method is its inherent need to warp
your survey to accommodate all measurements, including bad measurements. When this happens, you
generally have an idea that some bad measurements exist, but it's not always clear where they are in your
survey.

What to do

Check your data first. Before you can go looking for possible outlier observations, it is important to do the
following:

1. Check your measurements for obvious blunders.

2. Ensure that your network has adequate redundancy and geometry (minimize very short legs adjacent
to long legs, etc.). This is more important when using conventional measurement techniques (non
GPS measurements)

3. Double-check the expected errors (standard deviations) you have assigned to each observation.
Assigning inappropriate standard deviations to an observation may make it look bad (after adjustment)
or could make a nearby observation look bad. If your chord distances have been carefully measured to
+/- 0.005 meters, don't assign them a standard deviation of 0.025 meters. Assigning the appropriate
standard deviations to each observation type is absolutely essential to finding poor quality
observations and achieving the desired adjustment results.

4. For 3D networks using terrestrial measurements, be sure to include instrument and target heights for
each set of measurements. If the observations have already been reduced to mark-to-mark,
instrument and target heights should be set to ZERO. Reduction of measurements to mark-to-mark
should be performed using geodetic reduction techniques, not simple trigonometry (unless the stations
are very close together; for example, less than a few hundred meters apart).

The Standardized Residual

Outlier detection techniques utilize statistical analysis to identify and isolate bad measurements. Many
different outlier detection schemes exist, but only a few really seem to work on a consistent basis.

The National Geodetic Survey (NGS) recommends using the Standardized Residual ratio test as a means
for examining each observation in the adjusted network. The Standardized Residual is the ratio of the:

residual

- —— = the standardized residual for each observation
residual standard deviation
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The observation residual is the difference between the measured observation and the adjusted
observation. It is the correction applied to the original observation to arrive at the adjusted observation.
The larger the corrections, the larger the error in your network. The residual standard deviation is a by-
product of the least squares adjustment process. It is the computed standard deviation of the residual. At
the 68.3% confidence level you can expect the true residual (for the observation) to be between:

the residual (plus or minus) its standard deviation

Also note that the standardized residual is a unitless value; the units are cancelled by forming the ratio.
Thus, all observation types, whether linear or angular, are comparable to one cutoff value (see below).

For each observation in the adjusted network, the absolute value of the Standardized Residual is
compared against a cutoff value (set up by you or computed automatically by COLUMBUS). If the
observation's Standardized Residual (its absolute value) is larger than the cutoff value, that observation is
tagged as a possible outlier.

To set up the cutoff value in COLUMBUS, enter a value in the Standardized Residual field of the
OPTIONS - NETWORK OPTIONS - OUTLIER CONSTANTS dialog. If set to zero, the constant is
calculated using the TAU statistic. The TAU statistic is a function of the number of observations, the
degrees of freedom, and the confidence level setting (68%, 95%, 99%, etc.) for the network. By setting the
value to a positive non-zero number, you control the cutoff value. Over time (and with the same
instruments and field crew) you might get comfortable with a value that works for you. Whether you enter
your own value or let COLUMBUS compute the TAU-statistic, the resulting cutoff is always displayed in the
Network Processing Summary view after the adjustment has completed.

Eliminate External Factors First

Outlier observations should always be isolated and removed before performing a fully-constrained
adjustment. We recommend you perform repeated minimally-constrained (free) adjustments to isolate
outliers. For a 3D Geodetic network, this means holding only one station fixed in 3D or one station fixed in
2D and one station fixed in 1D. Only in this way can you eliminate the introduction of errors from prior
surveys into you current project. By only fixing one station (or two, if one is fixed in 2D and the second is
fixed in 1D), you can be sure the blunders in your survey are due to the current measured observations
and not some additional control, that you may not have established.

Process Of Elimination

Because outlier observations tend to distort a network, one bad observation can make others look bad.
Therefore, when searching for outliers, the following process is recommended:

1. Adjust the minimally-constrained (free) network and examine all outliers which fail the Standardized
Residual Test.

2. Remove the observation (or baseline, in the case of GPS) for which the Standardized Residual is the
largest (observations can be de-selected within the NETWORK - OBSERVATIONS dialog before re-
adjustment).

3. On each subsequent adjustment, the largest offender is again removed.

This process is repeated until no more outlier observations are found (based on the Standardized Residual
test). It is important to only remove the largest offender on each run. Do not remove more than one.
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Research suggests that the worst outlier may be causing other observations to be seen as outliers. Often
by simply removing a few of the worst offenders, all the remaining outlier observations disappear. This is
the result of good observations being distorted by the adjustment that included bad observations.

An Automated Approach

As you can see from the discussion above, the process of identifying and removing outliers is an iterative
one. So why not just let the computer do the work? This process can be automated in COLUMBUS.

The automated approach requires very little additional work from you. It is very similar to performing the
manual process described above, except the automated approach finds and removes the bad
observations for you.

To use this feature, simply select your network stations, one fixed station, and the network observations in
the usual way. Set up the Standardized Residual cutoff value in the OPTIONS - NETWORK OPTIONS -
OUTLIER CONSTANTS dialog to either zero (let COLUMBUS calculate the cutoff) or some non-zero
value. Enter the ADJUSTMENT (FREE - ELIMINATE OUTLIERS) dialog and follow the directions.

] [ =[]
DEFH& 2 =a:2Es X X & "er k?
@ HE=)
FORT LEWIS
i
Set Up Free Adjustment Outlier Search @

Within this dislog, you can set up the observation removal criteria that is used to find the ﬂﬂ Z
best possible free adiustment. After each free adjustment, the observation that fails the
selected criteria [i.e.. an outier] by the largest magnitude is removed and a new
adjustment performed. T his process is repeated uritl no additional outliers are found
Once an observation has been remaoved. it will not be used again in the cunent search,

1 you know [in advance] of any poor qualiy observations in the netwark, be sure to
remave them from the curent project or disable them in the Metwork | Select
Observations dislog before starting this search process.

Currently the Standardized Residual outlier detection method is supported. This test has
been shown to be very effective at identifying outliers (when used properly.) It uses the
Tau statistic b determing the: cutoff point for eutlier observations. O, you may set up
your own cutolf value by setting the Standardized Residual field (in the Options |
Wetwork Options | Qutier Constants dialag] to a value greater than zero. You can also
change the Confidence Level (from say 95% to 93%] to perform a more rigorous search,
NOTE: This search method doss NOT make use of the Residual / &priari SO ratio or the
Residual outlier tests supponted for individual netwark adjustments. These o methods
have NOT been shown ta be reliable statistical indicators for identifying outiers.

W Gtandardized Fiesidual Ouller Detection Method Start
v Bemave full GPS baseling if either 4, d¥ ar dZ is an outlier

¥ Allows flgiined stations [stations with na redundant observations)
Pause Between Solutions [secsk [0 Help

LA PLATA

For Help, press F1 30 Geodetic Wiew [N 37-15-50,4 W 108-07-28.4 [Elip Hot  |[WGS 84 Degrees [Meters

About The Process

Sometimes when using this option in networks with low degrees of freedom (or some other situation), you
may get a partial solution which terminates the process. This simply means not all outlier observations
could be removed while still being able to adjust the network. The process may have removed more
observations than the minimum required to have a valid network (for example, degrees of freedom may
have dropped to zero or below).

Whether you get a partial solution or a complete solution, you can look at the RESULTS - BEST FREE
SOLUTIONS view to see a summary of the observations that were removed for each adjustment. The
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Network Processing Summary view will indicate if a partial or complete solution has been found.
Sometimes you may not get even a partial solution. In this event, you need to fix the reported error before
continuing.

If you obtained a complete solution ("All Found Outlier Observations Successfully Removed"
message), you can then look at the final network adjustment results, accessed from the RESULTS menu
(just like when completing the normal network adjustment process).

Additionally, you can save the final network configuration with the SAVE NETWORK command, or you can
proceed to do a constrained adjustment by closing the current adjustment, selecting additional fixed
stations and then selecting the ADJUSTMENT command.

As long as you do not re-enter the OBSERVATIONS dialog and Select ALL, the observations removed will
not be included during any immediate adjustments. If you are curious, enter the OBSERVATIONS dialog
and scroll down to see which observations are now de-selected. These observations were removed
during the iterative process just completed. They have not been removed from memory, only temporarily
disabled (while this file is loaded and you have not re-selected them).

Viewing Results

See the NETWORK RESULTS chapter to set up the BIGBASIN.TXT project in order to duplicate the
results we generated.
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Adjustment (Fixed - All Cases)

COLUMBUS supports an advanced technique to automate the search for the best-fit network adjustment
solution. This technique is accessed through the ADJUSTMENT (FIXED - ALL CASES) command. It is
based on combinatorial theory, which is applicable to many real-world problems. It can be used for 1D
vertical, 2D/3D geodetic, 3D ECEF XYZ, 2D/3D State Plane, 2D/3D UTM and 2D/3D Local NEE networks.

Combinational Theory

Suppose you own a small surveying firm and have just received a GPS control survey contract. To
complete this survey on time, you have estimated at least three experienced GPS surveyors must be
dedicated to the project. Within your small company, there are five people qualified from which to choose
(Tom, Mary, Dave, Alice and Andy). At the moment, all five are free to work on this project. The question,
then, is which people should be put on the project? How many combinations of solutions are possible?

You could decide to put only three on the project. Or you might add a fourth or fifth to finish sooner.
Tom, Mary, Dave

Tom, Mary, Alice

Tom, Mary, Andy

Tom, Mary, Dave, Alice

Tom, Mary, Dave, Andy
Tom, Mary, Dave, Alice, Andy

As you might expect, the total number of possible combinations can grow very large. In fact, the actual
number of combinations is given by the formula:

N!
K x (N—K)!

where:
I = factorial
N = total number of qualified people available (in this case, five)

K = number of qualified people for any given solution

For this example, the formula needs to be applied three times: once for K = 3, once for K = 4 and once for
K = 5. The results from each are then added together.

The answer to this example is: 10+ 5+ 1 =16

Note:

How This Applies To Network Adjustment

For a network adjustment the same type of process can be applied, but instead of different people, we
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have several different control stations. Each control station is uniquely identified by its known coordinates.

This tool can be used when you are ready to perform a constrained adjustment. Before using, you should
have performed several repeated free adjustments and removed any possible bad observations.

If you have several control stations tied to your network, several possible combinations of control station
scenarios exist. You could use all the control you have, or you might decide to use a subset of your total
available control. Using other adjustment software systems, you would perform several constrained
adjustments, altering which stations are set up to be fixed for each adjustment. After finding the most
favorable results, you would perform a final adjustment and be done.

The manual process described above would require many hours of user intervention as you change the
configuration of control for each combination. Also, you might leave one of the possible combinations out,
never knowing if it would have been the best solution. With this tool, COLUMBUS performs these iterative
steps for you quickly, easily, and without leaving any possible solution untested! You simply set up the
processing parameters, begin processing, then take a coffee break. Meanwhile, you computer continues to
work on your behalf.

Example

The sample 3D geodetic network, BIGBASIN.TXT, consists of 17 stations and 126 observations. Assume
you have completed the free adjustment process and have removed all poor quality observations. Of the
17 stations in your network, you have known 3D geodetic coordinates for four of the stations and known
1D height for three additional stations. Set the 1D fixed stations 15, 103, and 22. Set the 3D fix stations
CARBON, CHANEY, FORT LEWIS, and LA PLATA.

For this example, turn OFF the GPS rotation and scaling parameters in the OPTIONS - NETWORK
OPTIONS - NETWORK SETTINGS dialog.

Within COLUMBUS, you would then select these stations to be fixed in 1D and 3D, respectively. Select all
observations to be in the network (OBSERVATIONS command). Select the ADJUSTMENT (FIXED - ALL
CASES) command to bring up the adjustment search dialog as shown below. Here is where you specify
the combinations of control configurations that are desirable in any final solution. This is accomplished by
setting up the minimum and maximum number of control station types you want to have in each acceptable
configuration.

For any constrained 3D geodetic network, you need a minimum of three fixed combination parameters
(two fixed parameters are required for 1D or 2D networks). Stations fixed in 1D or 2D count as one
parameter. Stations fixed in 3D count as two parameters - since they have both a 1D and 2D component.
This parameter concept is only applicable to solving all combinations. A constrained 3D geodetic
network would require (at a minimum) any of the following:

One 1D fixed station + one 3D fixed station
One 2D fixed station + one 3D fixed station
Two 1D fixed stations + one 2D fixed station
Two 2D fixed stations + one 1D fixed station
Two 3D fixed stations

Note: Three or more stations fixed in only 2D or only 1D will not work, since you need at least 3D worth of
control for a 3D constrained adjustment.

By selecting the minimum and maximum number of control stations you are willing to accept in any
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possible solution, the range of possible solutions can increase or decrease.

For this example, we have decided that each solution must have at least one station fixed in 1D and one
station fixed in 3D. Declare this by setting the Minimum boxes for 1D and 3D stations to the number "1".
Additionally, we have decided we want a maximum of two 1D stations in any given solution. You would
declare this by setting the Maximum box for 1D stations to the number '2'. Finally, for any given solution,
we want no more than two stations to be fixed in 2D. You would declare this by setting the Maximum box
for 2D stations to the number '2".

File Wiew Data Metwork Resuts Tools Options ‘Window Help
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12
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For the settings above, each combination solved by COLUMBUS will have:

One station fixed in 1D
One station fixed in 3D
No more than two stations fixed in 1D
No more than two stations fixed in 2D
No more than four stations fixed in 3D

Click on the Compute Combinations button to calculate the total number of combinations that will be
solved. For this example, 700 solutions fit the criteria! Each one of these combinations would satisfy
the constraints defined above.

As you can see, there are many possible solutions even with as few control stations as described above.
To perform this task manually would be error prone and very time-consuming.

Click on the Start button and watch COLUMBUS do the work. After the processing has completed, open
the RESULTS - BEST CONSTRAINED COMBOS view to examine each solution. See the NETWORK
RESULTS chapter for the results of this example.
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Why Not Just Use All Known Control?

The answer depends on the quality of the control in your area. Some control points may be more reliable
than others, based on how they were established. Some control points may have been disturbed since
they were originally surveyed. This could be a result of geological movement, vandalism or even wildlife.
Simple instrument centering/height measurement errors could also influence the observed quality of any
given control station. You may never know if the control point has these problems, because your first

inclination may be to suspect your own observations.
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By solving all possible combinations, you have the best opportunity to eliminate control which
may be introducing significant errors into your project.
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Network Pre-Analysis (Design)

1D Vertical and 2D, 3D Geodetic, State Plane, UTM and Local NEE Networks

The PRE-ANALYSIS tool is a very powerful feature within COLUMBUS. With it you can test your network
design to see if it will meet your statistical reliability expectations.

The usage of the PRE-ANALYSIS tool is similar to the ADJUSTMENT tool. Select your stations and
observations, validate and analyze the proposed network geometry, then view the statistical results.

Benefits Of Network Design

Surveyors often ask, “What are the benefits of network design for a GPS survey, given that the accuracies
of individual GPS baselines are a function of satellite geometry and not survey network geometry?” The
short answer is network design helps to provide a measure of confidence in your future survey. That
measure of confidence is a function of your network design.

The purpose of network design is to estimate the confidence of your future survey, before you enter the
field. Network design allows you to experiment with different variables so as to meet or exceed the stated
survey accuracy requirements.

In the case of GPS, it may encourage you to observe static sessions rather than rapid static sessions. For
conventional work, it may require you to either improve your network geometry, use your most accurate
equipment, and/or take more measurements. The strongest terrestrial networks will have the
appearance of a web, made up of triangles, each with interior angles near 60 degrees. Of course
this is optimal, but almost never achievable in the field.

Design Variables

1. The number and physical location of survey points.

2. The number and types of observations to be measured.

3. The observation standard deviations (standard errors) you expect to achieve in the field.

Altering any one of these variables will change the estimated confidence of your survey. Network design
allows you to perform “what-if” analysis on these variables so that you can estimate how you will do in the
field.

Network Design Goals

1. Perform each survey in a cost effective way. If a survey can be performed with fewer points on the
ground, while still meeting accuracy requirements, wouldn't it be beneficial? Further, if you could select
locations on the ground that were easy to gain access to and make observations from, wouldn't that be
beneficial?

2. Determination of the field procedures and equipment needed to achieve accuracy
requirements. This could be something as simple as using a more accurate total station, or perhaps
changing your field procedures a bit to achieve better accuracy (for example, making terrestrial
measurements during the cooler times of day, better instrument/target setups, making additional
measurements, and so on).
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3. Determination of whether you should take on the project. Based on the accuracy requirements,
you may decide that given the nature of your equipment and/or crew, you may not be able to meet the
requirements and therefore should pass on the survey.

4. Quick completion of the design. The network design process should require significantly less time
than the survey itself; otherwise, the design process may not be worth the effort. For medium-sized
projects, a day or two of “what-if” analysis may be all that is required.

Some Thoughts On The Design Process

Network design allows you to achieve the first three goals above by providing you with estimates of the
accuracy that will be achieved given the input observation types, their standard deviations and station
locations in the survey. After an initial design, you may discover that the accuracy estimated will not meet
the survey requirements. Using an iterative process of changing out the variables mentioned above, you
may find a way to satisfy the accuracy requirements.

Before bidding on a new project, you might initially set up an elaborate design with many different
observation types built in. After running the design and satisfying the confidence requirements, you might
then scale back the network with fewer stations and observations. After running the design again, you may
happily discover that you are still within the accuracy requirements of the project, but now the project will
cost less to perform.

Next, you might consider using only GPS for the project. However, after running your proposed network
through the design process you might discover that a problem has emerged that cannot be fixed through
GPS alone. In fact, you may need to add terrestrial observations for some portion of the project in order to
stay within accuracy requirements. This might occur in an area in which you have poor satellite
visibility or in an area in which the points you need to establish are only a few hundred meters
apart. Perhaps only the terrestrial equipment can give you the accuracy you need in these areas.

After the design is completed, you will have created a blueprint (of sorts) for the field crew. That blueprint
will tell them roughly where to locate the stations, the types of observations to measure at each station,
and the level of accuracy needed for those observations. You could conceivably use GPS in one section of
the project, a 10-second total station in another section, and a one second total station in yet another
section or the project. Through the use of network design, you can determine how the survey should
proceed.

Of course, the most important element to design is achieving “in the field” what you designed in the
office. If you are unable to measure angles to +/- 5 seconds or measure distances to +/- 0.004 meters (like
you specified in your design), then your project will probably not meet the expectations derived from
design. Bottom line: Don't be overly optimistic about what you can achieve in the field. Having said all this,
there is no substitution for experience and intuition from prior projects.

Network Design Steps

Below is a summary of the steps required to successfully perform Pre-Analysis. 1D Vertical Pre-Analysis
can also be performed in COLUMBUS. Please see 1D Vertical Pre-Analysis Tips at the end of this
section for 1D Vertical Pre-Analysis.

Determine Network Geometry

The first step is to design your network using whatever information you have available. You must tell
COLUMBUS what the network geometry will look like. This is achieved by providing COLUMBUS an
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approximate coordinate (latitude, longitude and height) for each station in the proposed network. For 2D
networks, an average project height is used.

For surveys consisting of GPS observations, you will not have to consider line of sight issues when
selecting the locations of your stations. For surveys containing terrestrial observations, you will have to
consider the line of sight issue. For 2D networks, GPS observations are invalid.

Unlike network adjustments (in which the actual observations have been measured and COLUMBUS can
compute approximate coordinates), you must provide the approximate coordinates for 2D and 3D Pre-
Analysis. The coordinate positions must be good enough to depict the actual network geometry. To
determine the location of your stations, we recommend you utilize topographical maps which cover the
project area. Determine as best you can the location for each proposed station on the map. Then, scale
the coordinate position (latitude, longitude and height) for each station.

If your network covers a small area (stations less than a few thousand meters apart), these approximate
coordinates should be within 10 to 20 meters (the closer the better) of their true position. If the network
covers a large area (stations 10,000 to 50,000 meters apart), the coordinates could be off by several
hundred meters and still depict the overall network geometry quite well.

Decide On The Observation Types

Next, you must decide what type of observations will be used in the network. This will be dependent on the
surveying equipment you have, the amount of time you can afford to spend in the field, and the accuracy
requirements desired. Terrestrial observations can provide very good results if you can minimize the
number of intermediate stations required. GPS has an advantage here, because intermediate stations are
usually not required.

COLUMBUS needs to know what observation types will connect each station pair (in other words, the
actual observation types you will measure between each station after you have designed your network).
You can use any of the 16 observation types supported for 3D networks when performing 3D pre-analysis.
For 2D network pre-analysis, only 11 valid observation types exist. The value of the observation is not
needed (after all, you have not measured it yet); however, the expected precision for each observation is
critical. For example, if you believe you can measure all chord distances at a level of precision of £0.005
meters, you should assign each chord distance a standard deviation of 0.005 meters.

To inform COLUMBUS that an observation type exists between two stations, you should set the
observation value to any valid number; we recommend 1.0 (see the point and click approach below to
greatly simplify this process). Set its standard deviation following the guidelines above. For GPS
baselines, you must use a variance instead of a standard deviation. Simply determine an appropriate
standard deviation for each component (dX, dY and dZ), then square each to get each variance. You
probably will not be able to estimate any of the correlation entries (off diagonal elements of the variance -
covariance matrix), so set them to zero.

After you have gathered the proposed network data (approximate coordinates of stations, observation
types and estimates of their precision), we suggest you build an ASCII (Text) file with your data. The
resulting file should look just like any other network project files (i.e., datum, units, stations and
observations), except the estimated approximate coordinate for each station must be assigned (since
COLUMBUS cannot compute them). Also, all valid observations are assigned a value of 1.0 as mentioned
above.
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Load Network And Start Pre-Analysis

Load the network data and select the stations that are to be included in the network. Select the stations
which will be fixed in 1D, 2D or 3D. Finally, select the observations which are applicable to the current
analysis.

Similar to the ADJUSTMENT option, you must then analyze your network. Unlike a network adjustment
that may require several iterations to converge, network pre-analysis requires only one iteration (or no
iterations, depending on you frame of mind). The computed inverse contains the results needed to
evaluate the proposed network design. Invoke the PRE-ANALY SIS command to start the computations.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

Ded& =zas? o dHEEE|lo BE8SsARus|< > 2488k

3D GEODETIC NETWORK ANALYSIS SUMMARY
Da tun WGS 84 1.95937
Linsar Units Heters 2.44788
angular Units Degrees 2.79532
Field Observa tions 126 1.94268
Coord Observations 0 95.0
TOTAL OBSERVATIONS 126
Num Stations 17
Fixed In 1D 0
Fized In 2D 0
Fixed In 3D 4
Float Coord Parms 39
Directicom Parms 0
Scale Parms 1
Rotation Parms N 1
Rotation Parms E 1
Rotation Parms Up 1
TOTAL PARHS 43
DEGREES OF FREEDOM 83 Use Full Covariance Ves
ADJUSTHENT COMPLETE = 0 Seconds ~
LAPLATA
GHANEY
For Help, press F1 |30 Geodetic iew M 37-08-22.0 W 107-52-21.5 [ElipHgt |WGS 84 |Degrees [Meters

View Pre-Analysis Results

After analysis has completed, you can view the coordinates and the estimated covariance matrix (or
standard deviation) for each coordinate component (latitude, longitude and height). The coordinate values
are simply the approximate coordinates entered by you. The covariance elements (and therefore, the
standard deviations) were computed during the Analysis step. If they seem satisfactory, then your
proposed network design may be adequate for your needs.

Enter the Distance Error, Error Circles, 2D Error Ellipse, 3D Error Ellipsoid or ALTA positional Uncertainty
views (NETWORK RESULTS chapter). The computed chord distances between stations are based on the
approximate coordinates (for each station) provided by you. The PPM and Ratio information are computed
during the network analysis. Their magnitude depends on the computed chord distance between the
stations. If they seem satisfactory, then the proposed network design may be adequate for you needs.

In the screen below, the analyzed coordinate results for Station 102 are displayed. Compare the results
here with the adjusted coordinate results earlier in this chapter. Notice the statistical results look similar.

For this example, we used the BIGBASIN.TXT project file using the same options settings, station settings,
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and observations that were used in the 3D geodetic adjustment earlier in this chapter. This file contains
and actual field measured network, but for pre-analysis we will only be utilizing the approximate
coordinates for each station (they happen to be the actual adjusted coordinate in this case, since
that is what we have stored in the BIGBASIN.TXT file), the observation types for each station, and
the estimated precision of each observation.

This network consists of several observation types between stations. From the network adjustment
summary results presented earlier in this chapter, the a posteriori variance factor was 1.94268. This
indicates that our original estimates of the observation standard deviations (for the network as a whole)
were too optimistic (since the a posteriori variance factor is greater than 1.0). Normally, you would not
know this, since you would perform network design before network adjustment. However, for
demonstration purposes, we will multiply the variance (standard deviation squared) for each observation
by the computed a posteriori variance factor, thus making them larger.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

P EHosHEEEB|lo E®S AW S| 24088

FORT LEWIS
ﬂ

3D GEODETIC NETWORE ANALYSIS SUHMARY

D H&| 2

Datun WGS 84 1D Expansion Factor 1.95937
Linsar Units Heters 2D Expansion Factor 2.44788
Angular Units Degrees 3D Expansion Factor 2.79532
Ficld Obserwations 126 A Priori Variance 1.94268

Coord Observations Confidence Level 95.0

o
TOTAL COBSERVATIONS 126

Hum St4
Fimed

Fizmed
Fimed j ol
Float -

¥ BIGBASIN. TXT: Adjusted Coordinate Results =3

Latitude
37-07-43.24950

Longitude
W 107-53-30,04157

Ellip: Har: 1] NE
3010.88476 0.0326210676  -0.0013950481
0

N 37-05-06.02282 W 107-54-13, X 0. -
N 37-13-32,96133 W 107-55-57, 35764 2072,08911 0.000791 6342 005983650 -
Dirsct N 37-13-45.19570 W 107-55-40. 18011 219149517 00001690717  0.000SO46235  0.0004571817  -0.0000390146 -
Scale H g N 37-08-26.49470 W 106-01-20.27610 2303.01562 00002838470 00014557962  0.00053BE066  -0.0004350543 -
Rotatigf e N 37-05-38.03926 W 107-58-56.85498 223963072 00005061446 00017337087  0.0026150334  -0.0000459622 -
Rotatidf g N 37-15-17.21907 W 106-05-15.774%4 2373.45125  0.0003458301 00006481850  0.0007065572 0.0000040038 -
Rotatiglzo N 37-11-29,82626 W 106-04-00. 75959 2252.61611  0.0002915391  0.0009457411  0.0005903488  -0.0001167452 -
TOTAL Hf 21 N 37-11-19.13902 W 107-59-32, 70769 250077939 00004094333 00019693868  0.0010103987  -0.0004661864 -
22 N 37-06-41.13564 W 108-07-56. 33349 2028,95307 00003913205 00019133170  0.0008845260  -0.0003194340 -
25 N 37-05-35.46809 W 108-04-35. 03104 208410262 00004409992  0.002S8SS194  0.0011133490  -0.000S497451 -
27 N 37-12-12.39460 W 107-51-55.15025 2007466096 00003605271 00009660507  0.0009578215  -0.0001136137 -
CARBON N 37-13-56.09168 W 107-53-36. 12965 2372,97700  0.0000000000  0.0000000000  0.0000000000 0.0000000000
CHAMEY M 37-01-11.31526 W 107-56-14.44698 212386000  0.0000000000  0.0000000000  0.0000000000 0.0000000000
FORTLEWIS M 37-15-43.31870 W 106-01-35. 76145 242799900  0.0000000000  0.0000000000  0.0000000000 0.0000000000
LA FLATA N 37-02-17.49242 W 106-09-55. 44628 193572900 0.0000000000  0,0000000000  0,0000000000 0.0000000000
< | 3
W:HANEY
For Help, press F1 |30 Geodetic iew M 37-13-35.8 W 107-50-57.7 [ElipHgt |WGs 84 |Degrees [Meters

An easy way to do this for the network pre-analysis is to change the A Priori Network Variance scaler in the
OPTIONS - NETWORK OPTIONS - SCALERS dialog from 1.0 to 1.94268. During network analysis, every
observation variance (standard deviation squared) will be scaled by this value. This is exactly what we did
here. Notice the analyzed covariance matrix elements for Station 102 match those given for the adjusted
coordinate for Station 102 earlier in this chapter.

Again, normally you would not have this information. Try performing the analysis without setting the A
Priori Network Variance scaler to 1.94268 (i.e., use 1.0). Your analyzed statistical results will appear more
optimistic than what the actual survey produced (as seen from the network adjustment results earlier in this
chapter).

Strengthen Network If Needed

After reviewing your results, you may decide that the network is not sufficiently adequate to meet your
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accuracy expectations. The design of solid networks requires continual refinement. You must continue this
refinement until the results satisfy your needs.

To strengthen your network (and improve your results), you might try changing the network geometry by
moving stations to other locations or adding additional stations.

You also might try adding additional observations or changing the observation types in use. If you believe
you can measure your observations with greater precision (as expressed in their standard deviations) than
you specified, modify the expected precision of those observations (i.e., make their standard deviations
smaller). If you like, you can assign a Global Standard Deviation to each observation type (see the
OPTIONS - NETWORK OPTIONS - DEFAULT OBS SDS dialog).

The important thing to remember is to be realistic. Don't assign a chord distance a standard deviation of
0.001 meters if you cannot achieve this in the field.

Point And Click Observation Creation

Instead of manually creating observations between your proposed stations, COLUMBUS can help you
quickly set up the observations (and their estimates of precision) using your mouse or keyboard.

COLUMBUS greatly simplifies Network Design layout. You simply provide the approximate coordinates for
your 2D or 3D network, then “point and click” to define the observation types that form each leg of the
network (or several legs at the same time).

File Wiew Data Metwork Resuts Tools Options ‘Window Help

Ded& cxa?FanbdlER B |lo B@8s A< > 24080

FORT LEWIS
AN
Setup or, modify the route for traversing, area calcs or design layout |'§|
The list on the lft contains the names of all applicable stations far the route context (14, 2d, 3d traverse, area
Galos or design layout] The right side list is the current selected route. Insert or delete stations in the right list
Available Stations ~
m Insert Before >> LA PLATA
102 22
103 19
12 Insert After >> FORT LEWIS
14 14
15 CARBON
18 27
19 Bemove << m
20 02
21 1
22 Femove All << CHANEY
23
27 LA PLATA
CARBON
HAM s
< | B
Existing Fioutes | Activate Foute
Add Route
Update Route
Delete Route:
Route Name; |
b ol
WHANEY
For Help, press F1 |30 Geodetic iew M 37-16-00.6 W 108-06-32.3 [Elip Hgt |WGS 84 |Degrees [Meters

Station coordinates can be entered either online through the DATA - STATIONS - GEODETIC grid, or
defined within a COLUMBUS compatible ASCII (Text) file (see Appendix A for an explanation of these
keywords). Once the stations are visible in the display, change the View to the applicable context (e.g., 2D
Geodetic, 3D Geodetic, 2D State Plane, etc.) depending on the type of network you plan to design.
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Using the right mouse button, point and click on successive stations to establish a route between station
pairs (or enter the VIEW - SETUP COGO/DESIGN ROUTE dialog to create a route). After selecting the
route, invoke the NETWORK - SETUP DESIGN LEG command or click on the SETUP DESIGN LEG
toolbar button. Inside the dialog, you can identify the observation types and their expected standard
deviations you plan to measure in the field along the route you just defined. Click on the OK button after
selecting the observation types and entering the desired standard deviations. COLUMBUS will
automatically create the necessary observation types. For Network Design, the value of each observation
is not important, only its expected precision as expressed by its standard deviation. COLUMBUS
automatically sets each observation value to one (1.0). Caution: Do not use this data in a network
adjustment.

Continue selecting legs and observations until your entire network has been defined. Save your design
layout to a COLUMBUS ASCII (Text) file using the FILE - SAVE or FILE - SAVE AS command. Tip: Use a
file naming convention that makes it easy for you to distinguish your network design project files
from your regular network adjustment project files.

1D Vertical Pre-Analysis Tips

To perform 1D Vertical Network Design in COLUMBUS, you use the 3D geodetic model. The main
differences are described below.

1. Use geodetic coordinates with latitude, longitude, and height set to zero for all stations. COLUMBUS
will display these stations on the screen in a spiral pattern so that they are not all on top of one another.

2. Select only Hgt Difference observations as the observation type.
3. Select at least one or more stations to be fixed in 3D. Select all remaining stations to be fixed in 2D.

4. You may be prompted with a message (depending on the Disable Same Coords setting in the
OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog) indicating that one or more
stations have the same coordinates. They all have the same coordinates (zeros) so just click YES to
continue processing.

Summary

PRE-ANALYSIS can be an invaluable tool for designing surveys that will meet or exceed the your reliability
requirements. However, the usefulness of Pre-Analysis is completely dependent on you. If you are
realistic, the results obtained will match those measured in the field.

For example, suppose your survey will consist of horizontal angles, zenith angles and slope (chord)
distances. If you indicate during pre-analysis that all horizontal angles will be measured to 5.0 seconds,
zenith angles will be measured to +10.0 seconds and all slope distances will be measured to £0.025
meters, your future field measurements must meet this expectation in order for the pre-analysis results to
be meaningful.

If your field measurements exceed this expectation (i.e., horizontal angles are measured with accuracy
better than 5.0 seconds, zenith angles are measured with accuracy better than £10.0 seconds and chord
distances are measured with accuracy better than £0.025 meters), your adjusted network will generally be
statistically better than what it was designed to be. However, this will also depend on the quality of the local
control stations you select, i.e., first order, second order, etc. On the other hand, if you are not able to meet
this expected precision, your actual survey will fall short of your design plans.
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With this in mind, it is probably better to be somewhat conservative when estimating the precision you
expect to achieve in the field during network design.
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Results Overview

The RESULTS views allows you to examine results from your 1D, 2D or 3D network adjustment or pre-
analysis. Refer to the NETWORK chapter of this manual for a discussion on performing network
adjustment or network pre-analysis.

Throughout this chapter, we will be referring to results from the 3D Geodetic adjustment of the
BIGBASIN.TXT network described in the NETWORK chapter. Where appropriate, we will mention how the
results views might differ for a 1D Vertical or 2D Geodetic adjustment.

The results from network adjustment or network pre-analysis are displayed within individual views. Several
views can be examined simultaneously. To write the results from a view to a report file, invoke the
REPORT command or click on the Report toolbar button. COLUMBUS will prompt you for the name of a
report file. You can either create a new report file or append to the bottom of an existing file. To print the
report directly, invoke the FILE - PRINT or FILE - PRINT PREVIEW command.

COLUMBUS - BIGBASIN. TXT

BT MestPage | Prew Pags | Twe Page Zoom Out Close

BIGBASIN. TXT: Adjusted Coordinate Results

COLUMBUS 3D Geodetic Network Adjustment Software

COLUMBUS: Full - Ver 3.7.2.57

Report File: C:ZColumbushSourceiWer 3 7 2 57\Release \PRHNZ206Z.TMP

Project: C:\Program Files‘\Best-Fit Computing‘COLUMBUS Demc 3.7%Sample P
rojects\Golden\BIGBASIN. TXT

DATE: 03/15/2008 TIME: 10:48:40

Major = £378137.0000 1/f = 298.25722356
11111 Meters
Angular Units: Degrees
adjusted Coordinates

Station
Latitude 8D Longitude D Ellip Hgt aD

101
W 37-07-43.243950 0.0411 W 107-53-30.04157 0.0659 3010.88476 0.1804

10z
N 37-06-14.53722 0.0348 w 107-55-16.13157 0.0478 2937.47535 L1454

103
N 37-05-06.02282 0.0374 W 107-54-13.14431 0.04Z25 2743.23827 L1718

1z
N 37-13-32.94183 L0204 W 107-55-57.357 64 0.0431 2072.08%11 .0zl

14
N 37-13-48.1%570 . 0130 W 107-58-40.18011 O0.0ZZ25 2191.4%517 .0z14

15
N 37-0B-Z6.45470 . 0188 w 108-01-2Z0.27810 0.0382 2303.01582 .0zzz

16

Page 1 |30 Geodetic view M 37-16-05.1  |w 108-01-22.5 [ElipHat  WGs 64 Degrees [Meters

You can also automatically generate all applicable reports desired by turning on report generation
flags in the OPTIONS - NETWORK OPTIONS - REPORT SETTINGS dialog. All selected reports that are
applicable to the network adjustment or pre-analysis (1D vertical, 2D geodetic, 3D State Plane, etc.) will be
written into the Network Processing Summary view. From here, you can PRINT, use PRINT - PREVIEW
or write the results to a report file by invoking the RESULTS - REPORT menu command or toolbar button.

Most report views contain multiple columns of data. You can sort the report view by any column (toggling
between ascending and descending order) by simply clicking on a column header. To sort by the absolute
value of a numeric column, change the VIEW - SORT BY ABSOLUTE VALUE menu item to a checked
state.

You can resize the width of any column by grabbing the applicable column separator with the mouse and
moving it left or right. Using this technique, you can hide the contents of a column by simply making that
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column very narrow. This will enhance your ability to look at only the data in which you are interested.

Any changes to a view column width is remembered by COLUMBUS the next time you display the view.
You can always set the column widths back to their default values by selecting the RESTORE DEFAULT
WIDTH command from the RESULTS menu or by clicking the Restore Default Width toolbar button. The
width, for all columns, is restored for the focused view.
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Network View

To bring up a graphical view of the adjusted network, invoke the ADJUSTED NETWORK VIEW menu item.
Only those stations and observations included in the adjustment or pre-analysis will be visible. Stations
that have been selected to be hidden, will not be shown.

' COLUMBUS - BIGBASIN_NET.TXT (=l=13
File Wiew Data MNetwork Results Tools Options  window Help

U ke 8 i o HEE R B WS AN 0 L S]] Lo i W

For Help, press Fi 130 Geodetic Wiew I 37-07-24.4 W 107-46-43.5 [ElipHot WS a4 Degrees Meters

From the Adjusted Network View you can access additional results:
+ To examine the adjusted coordinates for a station, double click on the station symbol.
« To examine the error ellipses for any adjusted station or between stations, double click within the
applicable error ellipse. For 1D Vertical networks, height error information can be viewed by

double clicking within the 1D height bars (they look like a capital letter °I' or a sideways 'H’).

+ To examine the adjusted observation between any two stations, double click on the line connecting
the station pair.
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Coordinates

Geodetic Coordinates

Select the COORDINATES - ADJUSTED GEODETIC COORDS command to display the adjusted
geodetic coordinates view following a geodetic, State Plane, or UTM adjustment or geodetic pre-analysis.

For each station, the adjusted coordinates and their estimated a posteriori covariance matrix (NEU matrix)
is displayed. Each station is presented in alphabetical order by default. Click on any column to sort the
view by that columns’ data.

To switch from viewing the covariance matrix to viewing individual coordinate component standard
deviations, invoke the SWITCH CONTEXT command or click on the Switch Context toolbar button. The
latitude, longitude and height standard deviations are the square root of the corresponding covariance
diagonal elements.

[S[ENE

COLUMBUS - BIGBASIN. TXT

File Wiew Data Metwork Results

DEH& = =

Tools Options  indow  Help
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For Help, press F1 |30 Geodetic view M 37-14-16.5 W 107-55-00.4 [Elip Hat WS 64 |Degrees [Meters

In the screen above, the adjusted latitude, longitude and height for Station 102 is highlighted.

The adjusted coordinates (latitude, longitude and height) are stored in a temporary area of the project. To
Keep these coordinates into the project where other modules have access to them, invoke the KEEP
command or the Keep toolbar button. You can Keep some or all of the adjusted station coordinates into the
project. For a 3D geodetic adjustment, you will be prompted for the height field you want to change when
keeping either orthometric height or ellipsoidal height.

Keeping coordinates into the project does not save them to disk. Once the coordinates have been Kept,
they can be stored to disk (for future loading) by returning to the FILE menu and invoking the SAVE or
SAVE AS option.
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Local NEE Coordinates

Select the COORDINATES - ADJUSTED LOCAL NEE COORDS command to display the adjusted local
NEE (or NE if a 2D adjustment) coordinates view following a Local NEE adjustment.

For each station, the adjusted coordinates and their estimated a posteriori covariance matrix (NEU matrix)
is displayed. Each station is presented in alphabetical order by default. Click on any column to sort the
view by that columns’ data.

To switch from viewing the covariance matrix to viewing individual coordinate component standard
deviations, invoke the SWITCH CONTEXT command or click on the Switch Context toolbar button. The
north, east and orthometric height standard deviations are the square root of the corresponding
covariance diagonal elements.

© COLUMBUS - NEE. TXT =)=

File Wiew Data Metwork Resuts Tools Options “Window Help

D& a2t ol Bl B|oBdB@BS A< >|] 4.4 4185 |

¥ NEE.TXT: Adjusted Coordinate Results
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In the screen above, the adjusted north, east and orthometric height for Station C is highlighted (from
sample project NEE. TXT).

The adjusted coordinates (north, east and orthometric height) are stored in a temporary area of the project.
To Keep these coordinates into the project where other modules have access to them, invoke the KEEP
command or the Keep toolbar button. You can Keep some or all of the adjusted station coordinates into the
project.

Keeping coordinates into the project does not save them to disk. Once the coordinates have been Kept,
they can be stored to disk (for future loading) by returning to the FILE menu and invoking the SAVE or
SAVE AS option.
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ECEF XYZ Coordinates

Select the COORDINATES - ADJUSTED XYZ COORDS command to display the adjusted ECEF XYZ
coordinates view following a 3D Geodetic of 3D ECEF XYZ adjustment.

For each station, the adjusted coordinates and their estimated a posteriori covariance matrix (XYZ matrix)
is displayed. Each station is presented in alphabetical order by default. Click on any column to sort the
view by that columns’ data.

To switch from viewing the covariance matrix to viewing individual XYZ component standard deviations,
invoke the SWITCH CONTEXT command or click on the Switch Context toolbar button. The X, Y and Z
standard deviations are the square root of the corresponding covariance diagonal elements.

! COLUMBUS - BIGBASIN_NET. TXT
File ‘iew Dats Metwork Results Tools Options Window Help

DEEH& 2 s s o HIHED B EES AR S]] 2

X HE
-1564904.93245 -4847446.01137  3530606.04570  0.0064545865  0.0167945999  0.0154008051 00052515127  -0.0073637650
-1567885,69262 -4848148.63954  3828389.81006  0.0043542862  0.0121207165  0.0090570148  0.0047863316  -0.0046079341
-1566751,56615 -4849599,60184  3826577,34070  0.0040942538  0,0177058427  0.0109057114 00061126988  -0.0059047613
-1566129,63391 -4839414,71329  3839632,11600  0.0014210045  0,0013849508  0.0002560201  -0,0007S06655  -0.0003125622
-1569590,93107 -4837997.01724  3839078.42194  0.0004895786  0,0004279587  0.0002133416  -0,0000356227  -0.0000764267
-1575525,22497 -4542563.50785  3531241,97523  0.0011549317 00009114415 00001820803  -0.0005045251  -0.0003039569
-1573159.85177 -4546576.28174  3527061.2507F  0.0018572367  0.0020716366  0.0008261010 00003950250  -0.000S370857
-1578655.93145 -4833535.53169  3541374.12894  0.0008726584  0.0006514636  0.0003365533 00000118695  -0.0000825770
-1578223,94197 -4§38050,73103  3835716,88995  0.0008847236  0,0006699573  0.0002729512  -0,0001385090  -0.0001378532
-1572057 66598 -4840475,25343  3839604,38311  0.0016613796  0,0013739380  0.0003539066  -0,0005708861  -0.0003736585
-1585365.97126 -4541185,37265  3828486,02697  0.0017178613  0,0011030230  0.0003682643  -0,0004310786
T 0.0 0.0 0,00 31050

“1560851 04854 “4B42631,62031 353661440542  0.00DN4E4EBZ  0,0D0G704016 00003635132  -0,0000311980

-1562756,77131  -4840303.20559 3539352,10500  0.0000000000  0,0000000000  0.0000000000 00000000000  0.0000000000
157361711801 -4851541.75793  3620427.44743  0.0000000000  0.0000000000  0.0000000000  0.0000000000  0.0000000000
FORTLEWIS ~ -1573401,96350  -4839794.60259 3842047,79549  0.0000000000  0.0000000000  0.0000000000  0.0000000000  0,0000000000
LAFLATA -1589666.24219  -4844055.32241  3621943,31508  0.0000000000  0,0000000000  0.0000000000  0.0000000000  0.0000000000
kLAPIATA
CHANET
For Help, press F1 3D Geodetic Wiew N 37-10-40.1 W 107-39-23.2 [ElipHot  [WGs 84 Degrees Meters |

In the screen above, the adjusted ECEF XYZ Station 23 is highlighted.

The adjusted coordinates (X, Y and Z) are stored in a temporary area of the project. To Keep these
coordinates into the project where other modules have access to them, invoke the KEEP command or the
Keep toolbar button. You can Keep some or all of the adjusted station coordinates into the project.

Keeping coordinates into the project does not save them to disk. Once the coordinates have been Kept,
they can be stored to disk (for future loading) by returning to the FILE menu and invoking the SAVE or
SAVE AS option.
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State Plane Coordinates

Select the COORDINATES - ADJUSTED STATE PLANE COORDS command to display the adjusted
coordinates in State Plane form (after a geodetic, State Plane or UTM adjustment) .

The State Plane zone is visible in the view title. If the correct zone is not shown, enter the OPTIONS -
PROJECTION ZONES - STATE PLANE ZONES list and select the correct zone. The coordinates will
immediately be re-calculated. If your zone is not shown in the list, set up a User Defined Zone using one of
the first four choices (see OPTIONS chapter of this manual for details). Modifying the State Plane zone
on the fly, as described above, is only possible after a geodetic or UTM adjustment.

- COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

D H& = = P EosHHEEEB|lo E®S AW S| 24088

BIGB!

——=h CAREOMN

: [0i=1[ES

Station Horkh East | FastSD |  ElipHgt | HotSD | Gaussian Rad... | Grid Scale - ... | Height Scale - ... | Combined Sca...
101 358797.7439 00411 FOLB9ZE740  0.0658 3010.6848 01806  6372294.603 1.0000206432  0.9995277270  0.9995483604  1-26-01.210
102 356143.5842 00348 6992042325  0.0476 2997.4753 (0.1484  6372276.983 1.0000259564  0.9995392351  0.9995651815  1-29-06.264
103 353979.5987  0.0374 7007043539 0.0425 2743.2383 01718 6372263.236 1.0000302317  0.9995696886  0.9995999073  1-26-27.648
12 360660.0447 00206 6985382301  0.0431 2072.0891 0.0281  £372364.420 1.0000013718  0.9996749377  0.9996753090  1-29-31571
14 370244,0083 00130 §94535,1433  0.0225 21914952 0.0214  6372367.462 10000005968 09996562123 09996555080  1-31-11.443
15 360435.7160 00160 §90325.2509  0.0381 2303.0155 0.0232  &372303.233 1.0000151064  0.9996357203  0.9996555201  1-32-49.643
16 355150.6200  0.0225 6936763314 0.0416 2239.6307 0.0511  6372269.622 1.0000262327  0.9996486583  0.9996788A11  1-31-22.807
19 3732517751 00186 6848660350  0.0291 2373.4513 0.0266  6372385.247 09999961756  0.9996276798  0.9996238571  1-35-14.091
20 366193.3487 00171 6865210302  0.0307 2252.6161 0.0243  6372339.629 1.0000078335  0.9996466258  0.9996544566  1-34-28.085
21 365664.9138 00203 693121,1592  0.0443 2500.7794 00318 6372337.695 1.0000084111  0.8996077108  0.8996161187  1-31-43.662
z2 357458.6154 00196 6804626952  0.0437 2026.9531 0.0297  6372282.209 1.0000243527  0.9996616985  0.9997050535  1-36-52.575
23 355368.8519 00210 &35377.6296  0.0508 20841025 0.0334  6372269.708 1.0000252061 09996730488  0.9997012457  1-34-49.100

3E7032.7576  0.0190 7044443155 0.0311 2007.4670 0.0309  6372346.323 1.0000055509  0.9996850714  0.9996906295  1-27-03.008
CARBON 370291.9390  0.0000 7020369152  0.0000 2372.9770 0.0000  6372369.040 1.0000001972  0.9996277532  0.9996279504  1-28-04.945
CHANEY 346901.9140  0.0000 £94555.1700  0.0000 2123.8600 0.0000  6372216.438 1.0000456114  0.9996668110  0.9997124072  1-30-55.658
FORT LEWIS 373907.6852 00000 6903074622  0.0000 2427.9990 0.0000  6372390.461 09999949146  0.9996191266  0.9996140431  1-32-59.140
LA FLATA 349417.5801 00000 6772910525  0.0000 1995.7290 0.0000  6372229.630 1.0000411458  0.9996963165  0.8997374498  1-35-05.637

o
LA PLATA
For Help, press F1 |30 Geodetic iew M 37-14-28.6 W 108-04-44.4 [ElipHgt  |[WGS 84 |Degrees [Meters

For each station, the adjusted grid north, grid east, and height are shown along with their standard
deviation. Also shown is the gaussian radius, grid scale factor, height scale factor, combined scale factor,
and the grid mapping angle.

The height scale factor and combined scale factor are based on the adjusted ellipsoidal height when the
adjustment is based on ellipsoidal height (only applicable for a 3D geodetic adjustment). Otherwise, they
are based on the estimated ellipsoidal height (the adjusted orthometric height + the approximate average
geoid height shown in the view title).

The height scale factor takes you from the surface (ground) to the ellipsoid. The grid scale factor takes you
from the ellipsoid to grid. The combined scale factor takes you from surface (ground) to grid in one
calculation (it is simply the grid scale factor * height scale factor).

The average gaussian radius, grid scale factor, height scale factor and combined scale factor are viewable
in their respective column label. This information can be useful when creating a custom projection for your
project.

The adjusted State Plane coordinates are stored in a temporary area of the project. To Keep these
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coordinates into the project where other modules have access to them, invoke the KEEP command or the
Keep toolbar button. You can Keep some or all of the adjusted station coordinates into the project.

Keeping coordinates into the project does not save them to disk. Once the coordinates have been Kept,
they can be stored to disk (for future loading) by returning to the FILE menu and invoking the SAVE or
SAVE AS option.
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UTM Coordinates

Select the COORDINATES - ADJUSTED UTM COORDS command to display the adjusted coordinates in
UTM form (after a geodetic, State Plane or UTM adjustment) .

The UTM Central Meridian is visible in the view title. If the correct value is not shown, enter the OPTIONS
- PROJECTION ZONES - UTM ZONE SETUP dialog and set up the correct value. The coordinates will
immediately be re-calculated. Modifying the UTM Central Meridian on the fly, as described above, is
only possible after a geodetic or State Plane adjustment.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

NeEa&@ s e HENER|loB@SARm =< >]] 24 JE v 8"

BIGB!

- UTM CM: W 105-00-00.00000

HNorth MNorth 5D East SD Ellip Hat Gaussian Radi... | Grid Scale - .. | Height Scale -... | Combined Sca... Map Angle
101 41130622030 00412 2431142179 0.0658  3010.8646 0.1805 6372294603 1.0004129..  0.9995277270  0.9999405284  1-44-47.012
102 4110420,1050 0.0345 2404118190 0.0478 29374753 0.1484  6372276.983 1.0004301..  0.9995392351  0.0999602354  1-45-47.565
103 4108245,0062 0.0374 2419020216 0.0425  2743.2383  0.1718  6372263.236 1.0004206..  0.9995636836  0.9999902040  1-45-08.718
12 4123954,3284 0.0208 2398118033 0.0431 20720891 0.0201  6372364.420 1.0004340...  0.9996749377  1.0001088150  1-46-30.342
14 +124599,2965 00130 2356128218 0.0225 21914952 0.0214  6372367.462 1.0004598..  0.9996562123 10001159094  1-48-09.641
15 4114757.2271 00169 2315489305 0.0381 23030156 0.0232  6372303.233 1.0004678..  0.9996357203  1.0001263941  1-49-33.156
16 4103453,739%6 0.0225 2346768434 0.0416 22386307 0.0511  6372269.622 1.0004659..  0.9996406503  1.0001144808  1-48-00.624
19 4127606,3048 00185  226150.9213  0.0291 23734513 0.0266  6372305.247 1.0005239..  0.9996276796  1.0001513679  1-52-13.232
20 4120536,1734 00171 2277720156 0.0307 22526161 0.0243  6372339.820 1.0005130...  0.9996486259  1.0001594531  1-51-18.052
21 4119995, 1401 0.0203 2343727600 0.0444  2500,7794  0.0318  6372337.695 1.000460Z..  0.9996077109  1.0000767910  1-45-35.277
22 41118264906 0.0198 2216681279 0.0437  2028.9531 0.0297  6372282.200 1.000SS44..  0.9996816985  1.0002359561  1-53-28.136
23 4109731.9690 0.0211 226575.5283 0.0508 2084.1026 0.0334 B372269.708 1.0005210... 0.9996730488 1.0001939518 1-51-23.764
27 41212678255 00190 2457072321 0.0311 20074670 0.0308  6372348.329 1.0003966..  0.9996850714  1.0000815974  1-44-00.367
CARBON 4124560,1735 00000 2433150030 0.0000 23729770 0.0000  6372369.040 1.0004117..  0.9996277532  1.0000393069  1-45-05.693
CHAMEY 4101197,1722 00000 2357163416 0.0000 21238600 0.0000  6372216,436 1.0004605..  0.9996668110  1.0001271819  1-47-22.759
FORT LEWIS 41282356075 00000 2315983042 0.0000 24279990 0.0000  6372390.461 1.0004675..  0.9996191266  1.0001054466  1-50-00.899
LA PLATA 41037964823 0.0000 2184582465 0.0000 19357230 0.0000  6372320.630 1.000S78..  0.9996083185  1.0002727501  1-54-28.527

i;LATA

CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-15-13.7 W 107-48-48.7 [ElipHgt |WGs 84 |Degrees [Meters

For each station, the adjusted grid north, grid east, and height are shown along with their standard
deviation. Also shown is the gaussian radius, grid scale factor, height scale factor, combined scale factor,
and the grid mapping angle.

The height scale factor and combined scale factor are based on the adjusted ellipsoidal height when the
adjustment is based on ellipsoidal height (only applicable for a 3D geodetic adjustment). Otherwise, they
are based on the estimated ellipsoidal height (the adjusted orthometric height + the approximate average
geoid height shown in the view title).

The height scale factor takes you from the surface (ground) to the ellipsoid. The grid scale factor takes you
from the ellipsoid to grid. The combined scale factor takes you from surface (ground) to grid in one
calculation (it is simply the grid scale factor * height scale factor).

The average gaussian radius, grid scale factor, height scale factor and combined scale factor are viewable
in their respective column label. This information can be useful when creating a custom projection for your
project.

The adjusted UTM coordinates are stored in a temporary area of the project. To Keep these coordinates
into the project where other modules have access to them, invoke the KEEP command or the Keep toolbar
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button. You can Keep some or all of the adjusted station coordinates into the project.

Keeping coordinates into the project does not save them to disk. Once the coordinates have been Kept,
they can be stored to disk (for future loading) by returning to the FILE menu and invoking the SAVE or
SAVE AS option.
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Coordinate Differences

Select the COORDINATES - COORD DIFFERENCES command to display the difference in coordinates
(north, east, 1D, 2D, 3D) between the adjusted station position and its current coordinate values in the
project. The adjusted coordinates for each station are stored in a temporary area of the project until you
perform a Keep. All coordinate differences are presented in the active linear units.

If the coordinates within the project are the same as the adjusted coordinates, each Coordinate Difference
will be zero (or very close to zero). This option is useful when you compute several adjustments, each time
altering the network slightly. If the results from the current adjustment are Kept into the project, these
results can be compared with the results from the next adjustment.

Be sure to invoke this option before Keeping the current adjusted coordinates into the project,
otherwise you will get all zeros.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

P&tz e HEHNNER|loB@SARm=]< >]] 24 JE v 8RR

——=h CAREOMN

=

Morth East 10 Diff 2D Diff
0.00000 0.00001 0.00000 0.00001 0.00001
-0.00001 0.00000 -0.00000 0.00001 0.00001
0.00001 0.00000 0.00000 0.00001 000001
-0.00002 -0.00001 -0,00000 0.00002 0.00002
0.00001 -0.00001 -0,00000 0.00001 000001
-0.00001 -0.00001 0.00000 0.00002 0.00002
-0,00001 -0,00000 -0,00000 0.00001 000001
0.00001 000000 0,00000 0.00001 000001
-0.00001 -0.00001 -0.00000 0.00001 0.00002
-0.00000 -0.00001 0.00000 0.00001 000001
0.00001 000001 -0,00000 0.00001 000001
-0.00000 000001 -0,00000 0.00001 000001
-0.00000 000001 -0,00000 0.00001 000001
0.00000 000000 -0,00000 0.00000 000000
0.00000 000000 0,00000 0.00000 000000
FORT LEWIS 0.00000 0.00000 0.00000 0.00000 0.00000
LA PLATA 0.00000 0.00000 -0.00000 0.00000 0.00000

‘/LA PLATA,

For Help, press F1 |30 Geodetic iew M 37-11-04.1 [W 107-54-45.5 [Elip Hgt  |WGS 84 |Degrees [Meters

CHAMNEY

In our example network BIGBASIN.TXT, the coordinates in the ASCIlI (Text) file are the adjusted
coordinates; therefore, all coordinate differences are close to zero.

If you wish to compute the coordinate differences between the adjusted coordinates and the approximate
coordinates (computed during adjustment), you must Keep the approximate coordinates into the project
before the adjustment finishes (see OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog for
instructions on how to view the approximate coordinates computed during adjustment).
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1D Height Difference Inverses

Select the COORDINATES - 1D HGT DIFFERENCE INVERSE command to view the difference in height
between each connected station pair in the adjusted network. You can also view all station pair
combinations by clicking on the Switch Context toolbar button. For 3D geodetic networks, the height
context (orthometric or ellipsoidal) is dependent on the 3D Geodetic Height setting in the OPTIONS -
GLOBAL SETTINGS dialog.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

D H&| 2

" BIGBASIN.TXT: Adjusted/Analyzed Network Topology

AT Station

P EolHHEEEB|o ERS AW S| 24088

Height Difference

101 102

102 103
102 16
103 16
103 CHANEY
12 14
12 21
14 21
15 20
15 2z
15 <]
16 21

-73.40941
-194.23707
-E97.54463
-503.60755
-619.37827

113,40606

428,69029

309,28423

-50,39952
-274.06256
-218.91300

261.14868
-155.52810

-303.90172
-120.83515
127.32814
-344.49519
-223.66304
436,69595
-471.82633
55.14955
-93,22407
-148,37362
100341751
64.62215
493.3124%
-300.88789
-181.48183
_AO.0R1 3R

16 23
16 LA PLATA
19 21
19 21
19 2z
20 22
21 102
21 2z
2z 23
2z LA PLATA
5 LA PLATA
27 101
27 1z
27 21
CARBON 1z
CARBON 14
CARRON 15

LA PLATA

Wl
CHANEY

For Help, press F1

|Degrees [Meters

|30 Geodetic iew M 37-15-46.5 W 107-44-21.2 [ElipHgt  [WGS 84

6-14
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2D Mean Bearing Inverses

Select the COORDINATES - 2D MEAN BEARING INVERSE command to view the Mean Bearing Inverse
between each connected station pair in the adjusted network. You can also view all station pair
combinations by clicking on the Switch Context toolbar button.

To compute the mean bearing inverse and mean horizontal distance, the inverse data from the AT station
to the TO station is computed and averaged with the inverse data from the TO station to the AT station.
The resulting distance is based on the mean height of each station pair.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

D H&| 2

BIGBASIN.TXT: Adjusted/Analyzed Network Topology

P N EE R BEWS AW [ S| 220 R

AT Station Fued Bearing Buwd Bearing Mean Bearing | Mean Horiz Dist. .

S 52-10-26,285

NE 52-08-16,094

S §2-09-21,191

5

101 10z S/ 43-54-01.582  NE 43-52-57.555 S 43-53-28.570 3779.5424
102 103 SE 36-12-55.705 MW 36-12-17.702  SE 36-12-36.703 2634.1970
10z 16 S/ 78-20-00,157  NE 78-17-45,792  SW 78-18-52.975 5618.4621
103 16 Ww 82-00-47.771  SE 82-03-40.063 MW 82-02-13.917 7127.5180
103 CHANEY Sw/ 39-30-35.238  NE 39-28-09.800 5w 39-29-22.519 9379,0484
12 14 WY/ 83-18-96,017  SE 83-20-24.525 MW 83-19-35,271 4042,5420

6726,8074

X § R 1 X
15 23 S/ 42-53-01,144  NE 42-51-03.605 5w 42-52-02.374 7069,7853
15 21 MW 4-32-73.652  SE 4-32-44.095 NW 4-32-33.673 10552, 4403
15 23 MW/ 89-52-50,168  SE 89-56-12,924 MW 89-54-31,546 8304,6885
16 CHANEY SE 7-36-15.472 MW 7-35-45.709  SE 7-36-02.090 8298,1372
16 LA PLATA S/ E5-11-27.325  NE 65-04-51.558 S 63-05-09.442 17364.4196
19 20 SE 14-46-58.692 MW 14-46-13.266  SE 14-46-35.954 7252.4756
12 21 SE 49-04-39.446  Mw/ 49-01-11,933  SE 49-02-55,690 11202.6648
12 2z S/ 13-59-30,146  NE 13-57-53.098  SW 13-58-41,622 16401.0227
20 2z S 33-10-12,119  NE 33-07-49.842 5w 33-09-00.981 106334981
21 102 SE 34-02-52,626 MW 34-00-17,720  SE 34-01-35,173 11320,1432
21 2z S/ 55-27-07,453  NE 55-22-03.281  SW 55-24-35.367 151017476
2z 5 SE 65-46-35,989 MW 68-44-37.557  SE £8-45-38.273 5334.5413 ~

‘/LA PLATA,

CHAMNEY

|30 Geodetic iew M 37-13-06.9 W 107-59-25.9 [Elip Hgt  [WGSs 84 |Degrees [Meters

For Help, press F1
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2D Geodetic Inverses

Select the COORDINATES - 2D GEODETIC INVERSE command to view the 2D Geodetic Inverse
between each connecting station pair in the adjusted network. You can also view all station pair
combinations by clicking on the Switch Context toolbar button.

The 2D geodetic inverse is computed on the ellipsoidal surface at an ellipsoidal height of zero.

The geodesic is the shortest distance along the ellipsoidal surface between two stations. The geo chord is
the shortest distance in 3D space between the two stations. It actually cuts through the ellipsoidal surface
and will always be less than or equal to the geodesic distance. Both distances are presented in the active
linear units. The geodesic azimuth is the azimuth along the curved geodesic distance.

- COLUMBUS - BIGBASIN. TXT

File Wiew Data Metwork Resuts Tools Options “Window Help

NeEa@c:a e HEOddE R |oB@8SAHws[< 5] 240

‘  BIGBASIN.TXT: Adju:

TO Station (Co... Fud Azimuth

Buwd Azimuth

Gendesic

Geo Chord

23 222-53-01.285
355-27-36.321
270-07-09.832
172-23-44,490

LA PLATA 249-11-27.413
185-13-01,282
130-55-20.383
153-59-30.211
213-10-12.247
145-57-07.186
235-27-07.564
111-13-20,913
199-54-39,935
231-58-35.075
1t

261-45-37,367
258-26-12.546
268-09-55.316
228-26-53.991
142-04-50.080
CHAREY 341-07-40.446

42-51-03.764
175-27-15.861
90-03-47.075
352-24-11,250
£9-04-51,661
345-13-46,654
310-58-47.905
13-57-53.175
33-07-49,985
325-59-42,120
55-22-03,442
291-15-22,348
159-53-28,129
51-55-21.945
= i)

112-33-45.485
81-41-00,773
76-24-47,103
86-06-51,355
45-22-15,454
322-05-51.157
161-05-48.402

F067.3542
10548.5133
6301,8803
6295,2935
17358.7630
7249,5408
11195.3590
16395, 3667
10629.9288
11315.3170
150964002
5332,8236
8643,6504
10051.9563
86211601

6467,7329
11403.0147
3553,6987
7498,9221
153069921
4051.8520
14178.9765

T067.3538
105485121
83018797
8295,2929
173587577
72495404
111583576
163953621
106239276
11315.3155
15095, 3967
£332,8234
86436497

11403.0132
35536987
7498,9217

15306, 9584
40515519

141789736

‘/LA PLATA,

CHAMNEY

For Help, press F1

|30 Geodetic iew M 37-06-34.2 W 107-52-16.3 [ElipHgt [WGS 84 |Degrees [Meters
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2D State Plane Inverses

Select the COORDINATES - 2D STATE PLANE INVERSE command to view the 2D State Plane Inverses
between each connecting station pair in the adjusted network (after a geodetic, State Plane or UTM
adjustment). You can also view all station pair combinations by clicking on the Switch Context toolbar
button.

The State Plane zone is visible in the view title. If the correct zone is not shown, enter the OPTIONS -
PROJECTION ZONES - STATE PLANE ZONES list and select the correct zone. The inverses will
immediately be re-calculated. If your zone is not shown in the list, set up a User Defined Zone using one of
the first four choices (see OPTIONS chapter of this manual for details). Modifying the State Plane zone
on the fly, as described above, is only possible after a geodetic or UTM adjustment.

- COLUMBUS - BIGBASIN.TXT

File Wiew Data Metwork Resuts Tools Options “Window Help

TeEa@t:car e HENER|oB@SARum =< > 242 v 8"

e P

Morth | Morth SO | East | East5D|  ElipHot | HgtSD | Gaussien Rad... | Grid Scale - ... | Height Scale - ... | Combined Sca...
387977439 0.0411 701892.6740  0.0658 3010.6548 0,1806 6372294603 1.0000206432 09995277270  0,999548360%
61455642 0.0345  699204.2325  0.0478 20374753 01454 6372276583 1.00DOZSSSE4  D0,9995392351 05995651515
353979.5557  0.0574  TDO704.3530  0.0425 Z743.2383 0.1715 6372263235 1.0000302317  D0,9995698556  0.9955986073
S69660.0447  0.0206  698535.2301 0,043 20720891 0.0281 6372384420 1.0000013715  0,9996749377 09996763000
3702440053  0.0130 694538.1433  0.0225 21914952 00214 6372367462 1.0000005965 09996562123  0,9996568089
3604357169 0.0169 690325.2509 0.0381 2303.0156 00232 6372303233 1.0000151064 09996387203  0,3996566201
3E150.8290  0.0225 693676.3314  0.0416 2239.6307 00511 6372269622 1.0000282327  0,9996486583  0,9996768811
3732517751  0.0186 664866.0350 0.0791 23734513 0.0266 6372395247 D.9999961755 09996275798  0,9996236571
3661053457 0.0171 656521.0302  0.0307 22526181 0.0243 6372330528 L.OODOOTESES  D.9996486255 05096544566
36SeE40155  0.0203  693121.1552  0.0943 Z500.7754  0.0315 6372337605 L.OODOOS4I11  D,9996077105 05986181167

¥ BIGBASIN.TXT: State Plane Inverse Results - Zone: COLORADO,S,0503,L2
AT Station T Station (Co... Grid Az Gendstic Az Map Angle Grid Dist | Ellipsoidal Dist | Ground Dist
CHaMEW| 101 102 225-22-03.520 223-54-01.785 1-258-01.210 0.524 37FF.BETZ2 37T 37795427
FORT LA 102 103 145-16-10.077  143-47-04.114 1-29-06.284  -0.321 26330966  2633.0227 26341971
La pLaTl| 102 16 253-49-07.634  256-20-00.219 -28-06, 1,131 5616,3381 56161859 56184628
103 16 273-27-41.311  277-59-12.186 1477 71249476 71247395 7127.5194
£. 9375, 5 9375,4699 9379
14 40411932 042
1z 21 0925 67244208 67243071
14 21 197-15-55.644 195-44-43.977 0.225 47742180 477419687 47759577
15 20 326-32-46.313  324-59-55.918 0752 69009999 6900.8108  6903.2734 E
15 22 253-12-11,110  251-39-19.538 1,920 10302.0939  10301.8754  10305.3710
15 23 224-75-51,887  222-53-01.288 0956 70675174  7067.3542  7069.7674
16 21 356-58-50.384  355-27-36.321 0166 105487042 10S48.5133  10552,4452
16 23 271-35-34,453  270-07-09.832 1,724 &302.1146  &301.3803 53046905
16 CHANEY 173-55-07.152  172-23-44.480 -0.235 42055986 &205.2035  &206.1395
16 LA PLATA 250-42-53.763  249-11-27.413 3452 17353.3838  173SE.76I0 173844411
19 20 166-98-15.062  165-13-01.282 0312 7249.8546  7249.8408 72524772
12 21 132-30-33.046  130-55-20.383 -35-14, 41426 111964134 111983890 112026706
12 22 195-34-45.000  193-59-30.211 -35-14, 0,697 163955266  16395.3667  16401.0408
20 22 214-94-41,425  213-10-12.247 -34-28, 1092  10630.0982  10629.9288 106335031
21 102 147-25-49.651  145-57-07.186 -31-43, 41,197 113155084 113153170 113201492 &
éLA PLATA l
CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-16-26.9 W 108-00-47.4 [Elip Hgt  [WGS 84 |Degrees [Meters

The results for each State Plane inverse include the grid azimuth, geodetic azimuth, mapping angle, (t-T)
correction, grid distance, ellipsoidal distance, and the ground distance.

The grid azimuth = geodetic azimuth - mapping angle + (t-T). (t-T) is usually very small (a few angular
seconds or less).

The grid distance is the distance along the 2D surface of the projected grid.

The ellipsoidal distance is the distance on the ellipsoidal surface (ellipsoidal height = 0). It is also called the
geodesic.

The ground distance is the distance between the AT and TO station - calculated based on the average
adjusted ellipsoidal height for each paired station (only applicable for 3D geodetic adjustment). Otherwise,
it is based on the estimated ellipsoidal height (the adjusted orthometric height + the approximate average
geoid height shown in the view title).
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2D UTM Inverses

Select the COORDINATES - 2D UTM INVERSE command to view the 2D UTM Inverses between each
connecting station pair in the adjusted network. (after a geodetic, State Plane or UTM adjustment). You can
also view all station pair combinations by clicking on the Switch Context toolbar button.

The UTM Central Meridian is visible in the view title. If the correct value is not shown, enter the OPTIONS
- PROJECTION ZONES - UTM ZONE SETUP dialog and set up the correct value. The inverses will
immediately be re-calculated. Modifying the UTM Central Meridian on the fly, as described above, is
only possible after a geodetic or State Plane adjustment.

- COLUMBUS - BIGBASIN. TXT

File Wiew Data Metwork Resuts Tools Options “Window Help
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05-00-00.00000

mMorth | Morth SO | East | Eastsp | Ellip Hat | Hgt SO | Gaussian Radi... | Grid Scale - ... | Height Scale -... | Combined Sca. .

4113082,2030 0.0412 2431142179 00655 3010.8548 01806 6372204803 10004129,  0.9995277270  0,999940525d
4110420.1030 0.0348 2404118190 0.0478  2037.4753 04484 6372276983 1.0004301 0.9395392351  0.9999692354
4108248.0062 0.0374 241902.0216 0.0425 2743.2383  0.1718 6372263.236 0004206 0.99956596886 0.999990204C
4123954,3284 0.0206 2398118033 0.0431 20720891 0.0261 6372364420 10004340,  0.9996749377  1.000108915C
41245492085 0.0130  235812,8218 00225 21914952 0.0214 6372367462 10004596,  0.9996562123  1,0001153094
4114757.2271 0.0168  231549.9305 00381  2303.0156 0.0232  6372303.233 10004676,  0.9996387203  1.0001263941
4109453,7396 0.0225  234876.8434 2239.6307 £372269.622 10004659, 09996485583 1.0001144808
R BIGBASIN. TXT: UTM Inverse Results - UTM CM: W 105-00-00.00000
AT Station TO Station (Co... Grid Az Geodetic Az Map Angle | (4T ... Grid Dist | Elipsoidal Dist | Ground Dist
101 225-38-47.067  223-54-01.785 1-44-47.012 -1, 3779.3719  3777.7793  3779.5427
102 145-32-60.249  143-47-04.114 1-45-47.565 1. 2634.1429  2633.0227  2634.1971
260-05-47.143  256-20-00.219 1-45-47.565 -0, 56187021 S616.1859  S618.4628
279-44-19.703  277-59-12.186 1-45-06.718 3 71278975 71247395 T127.5194
= 1- ) 9379,6001 93754698 9379.0518
1~ 4042,9992  4041,1932  4042.5423
1- 337 I3 6
iz
< B
= 15 22 253-28-50.673  251-39-18.538 1-49-33.156  -2.021  10307.2420 103016754 103053710
15 z3 224-42-30.996  222-53-01.2688 1-49-33.156  -3.447 70708190  7067.3542 70687874
16 21 357-15-44.049  355-27-36.321 1-48-00.624 7,104 105534461  10S48.5133 109524452
16 23 271-55-10.647  270-07-09.832 1-48-00.624 0,191 6305.9764  G301,8603  6304.6908
16 CHAMEY 174-11-39.559  172-23-44.490 1-48-00624  -5.555  5299.1363  5295.2935  8298.1395
16 L& PLATA 250-53-24.152  245-11-27.413 1-43-00624  -3.886 173675025 17ISB.7E30 173644411
19 20 167-05-09.605  165-13-01.262 152-13.232 4908 7253.5094  7240.6408  7252.4772
19 21 132-47-28.372  130-55-20.363 15213232 5,243 1120394684  11198.3890 112026705 v
éLA PLATA,
CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-16-26.8 W 108-05-18.7 [ElipHgt |WGS 84 |Degrees [Meters

The results for each UTM inverse include the grid azimuth, geodetic azimuth, mapping angle, (t-T)
correction, grid distance, ellipsoidal distance, and the ground distance.

The grid azimuth = geodetic azimuth - mapping angle + (t-T). (t-T) is usually very small (a few angular
seconds or less).

The grid distance is the distance along the 2D surface of the projected grid.

The ellipsoidal distance is the distance on the ellipsoidal surface (ellipsoidal height = 0). It is also called the
geodesic.

The ground distance is the distance between the AT and TO station - calculated based on the average
adjusted ellipsoidal height for each paired station (only applicable for 3D geodetic adjustment). Otherwise,
it is based on the estimated ellipsoidal height (the adjusted orthometric height + the approximate average
geoid height shown in the view title).
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3D Local NEU Inverses

Select the COORDINATES - 3D LOCAL NEU INVERSE command to view the 3D Local Horizon NEU
Inverse between each connected station pair in the adjusted network. You can also view all station pair
combinations by clicking on the Switch Context toolbar button.

The 3D Local Horizon NEU inverse is based on a tangent plane surface with its origin at the AT station.
This tangent plane forms a Local NEU (North, East and Up) Horizon and is perpendicular to the ellipsoidal
normal (which closely approximates the direction of gravity). For a more complete description of this
inverse type, please see the TOOLS - COORDINATE GEOMETRY section of this manual.

The chord (slope) distance between the two stations is expressed by the following:

chord (slope) distance = «/delta north2 + delta east2 + delta up2

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

TeEa@t:car e HENER|loB@SARum =< >]] 24 2L v 8 W

SIN.TXT: Adjustedf/Anal;

Delts North Delta East Delta Up

101 102 2723.31773  -2620.74743 7452954
102 103 -2125.23980 1556.32197 -194.76164
102 16 -1136.08551 -5502. 08847 -700,31555
103 16 990.28503  -7058.10477 507568380

03 36 &
12 14 470.75502  -4015.07676 118.12687
12 21 -4125.46077 531352541 42514282
14 21 -4596,65801 -1296.06038 30749184
15 20 565473637 -3959.64954 5414014
15 2z -3243.35227 976144611 -262,37630
15 23 -5180,20554  -4810.99024 -222,83403 L
16 21 1051954745 -835.27841 252.39593
16 23 17.30573  -&304.56934 -160.92620
16 CHANEY -8225.08531 1096, 08654 -121.16303
16 LA PLATA -6168.65092  -16231,34200 -327.51477
19 20 -7012.34726 185051063 -124,96634 2-
19 21 -7338.22145 8464,79239 117.48756
19 22 -15913,98548  -3965,35576 -365.63645
20 22 -B900.61954 -5517.75585 25253960 103
21 102 -9379.84450 633821309 426.63698
21 22 -8563.81557  -12438.12503 -439.70058
22 >3 -1931.06276 4977 7379 52.97n8R o

iy
ZA PLATA
CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-12-57.7  [W 108-04-10.2 [Elip Hgt  [WGS 84 |Degrees [Meters
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3D Satellite XYZ Inverses

Select the COORDINATES - 3D SATELLITE XYZ INVERSE command to view the GPS type delta X, delta
Y, delta Z Inverse between each connected station pair in the adjusted network. You can also view all
station pair combinations by clicking on the Switch Context toolbar button.

The 3D Satellite XYZ inverse (Earth Centered Earth Fixed delta X, Y, Z vector) is analogous to a baseline
measured using GPS techniques if the adjustment was performed on the WGS 84 or NAD 83 ellipsoid.
Since these are vectors in 3D space, the magnitude of each vector between the AT and TO station is the
same in either direction. Only the sign (z) will differ if the AT and TO stations are reversed.

- COLUMBUS - BIGBASIN.TXT
File Wiew Data Metwork Resuts Tools Options Window Help

D H& = = P EolHHEEEB|o ERS AW S| 24088

*BIGBASIN.TXT: Adjusted/Analyzed Network Topology

Delta % Delta ¥ Delta 7
101 102 -2960.7602 -702.6282 22162386
102 103 11341045 -1550.9623 -1812,4694
102 16 -5274.1592 1572,3578 -1328,5503
103 16 -6408,2636 31233201 483.9191
103 CHANEY -6865,5299 -1842.1561 -6149,8933
1z 14 -3761,2972 1417.6961 446,3039
1z 21 -5928,0521 -1060.5401 -3027,7349
14 21 -2166.7549 -2478.2362 -3474.0388
15 20 -2695.7170 4512.7768 4475.0147
15 2z -8837.7463 1378.1352 -2755,9483

15 23 -5487,6496 -1316.8429 -4263,9698 =

62

16 L& PLATA -16506.3904 1720.9533 5117.9447 02-
19 =) 471.9895 -4515.1993 -5657.1390
19 21 6638,2455 69397217 -5769,7458
19 22 -6670,0398 -7649.8410 -12888,1020 103
20 B -7142,0293 -3134.6416 -7230,9630
21 102 4171,9934 -7673.38651 -7214,5730
21 22 -13308,2853 710.1192 -7118,3561 3
zA PLATA
CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-09-24.7 W 107-44-41.4 [ElipHgt WG 84 |Degrees [Meters
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3D Astro Geodetic Inverses

Select the COORDINATES - 3D ASTRO GEODETIC INVERSE command to view the 3D Astro Geodetic
Inverse between each connected station pair in the adjusted network. You can also view all station pair
combinations by clicking on the Switch Context toolbar button.

The 3D Astro Geodetic inverse computes results as they would be observed in the field (mark-to-mark) on
the geoid (for adjustments based on orthometric height). If the adjustment is based on ellipsoidal height
and deflections of the vertical are known at each adjusted station, the inverse results are corrected to
Astronomic by using the provided deflection data.

NOTE: For 3D adjustments based on orthometric height, disable the usage of deflection of the vertical
corrections from within the OPTIONS - NETWORK OPTIONS - NETWORK SETTINGS dialog (prior to
adjustment). These corrections should only be applied when using conventional measurements in a
project based on ellipsoidal height.

The forward azimuth and zenith angle are computed in relation to a plane tangent to the Earth's surface at
the AT station. Likewise, the backward azimuth and zenith angle are computed in relation to a plane
tangent to the Earth's surface at the TO station. The chord distance represents the straight-line distance
between the two stations. This is analogous to a slope distance measurement between the stations at
monument level (mark-to-mark).

- COLUMBUS - BIGBASIN. TXT

File Wiew Data Metwork Resuts Tools Options “Window Help
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Fuud Azimuth Buvd Azimuth Fud Zenith Bwd Zenith Chord
202-53-01.144 42-51-03.605  91-48-19.263  85-15-29.533 7073,1755
3S5-27-36,558  175-27-17.250  B8-37-58,195  91-27-42.204 10555.6749
270-07-09.822 O0-03-47.076  91-06-386.779  B5-57-51.853 B306.1464
172-23-44.742  352-24-11.513  90-50-01.430  89-14-25.252 8298.5465
249-11-27.331 69-04-51.558  91-04-46.501  §9-04-30,949 17367.0948
165-13-01.358  345-13-46.734  90-59-13.857 7253,4834
130-55-20.554  310-58-49.333  ©9-23-56.906 11203,3927
193-59-30.146 13-57-53,098  91-16-37.730 16404,6539

5 119 2 91-15-10,081
145-57-08.536  325-59-44.196  57-50-18.966 11328.5677

235-27-08.457 55-22-03.281  91-51-20.903 15108.1271
111-13-21.011  291-15-22.443  89-25-53.843  90-36-58.504 5334,8269
LAPLATA 199-54-39.852 19-53-28.039  90-3%-23.965  §9-25-16.263 B646,8457
LA PLATA 231-58-34,345 51-55-21.808  90-53-26.029  B9-11-59.178 10056.2188
195-45-54.562 15-44-57.419  83-23-57.608  96-40-33.871 8682,7350
292-36-13.092  112-33-95.583  89-27-30,335  90-36-04.680 6470,1226
261-45-38.787 B1-41-02.648  87-34-28.910  92-31-38.809 114177006
258-26-13.702 75-24-47.038  94-51-14.387  85-10-40.768 3TEF.6465
268-09-57,372 68-05-51.395  91-25-12.904  B88-38-52.038 7503.7966
228-26-56,171 48-22-13.292  90-19-43.321  B§9-48-25.262 15312.7629

For Help, press F1 |30 Geodetic iew M 37-04-03.5 W 108-14-41.5 [ElipHgt |[WGS 84 |Degrees [Meters

CHAMNEY
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Observations

Observations

Select the OBSERVATIONS - ADJUSTED OBSERVATIONS command to view the Adjusted Observations
in the adjusted network. Each observation is displayed in alphabetical order according to its AT and TO
station names.

For each observation, its measured value, a priori standard deviation, corrected value, corrected value
standard deviation, adjusted value, adjusted value standard deviation, residual, residual standard
deviation, standardized residual, residual a priori standard deviation ratio, and redundancy are displayed.

2D Networks: Bearing observations are corrected to true azimuths if the Rotate Bearings switch is
enabled in the OPTIONS module. Chord distances are reduced (corrected) to horizontal
distances if the zenith angle is provided. Otherwise, the chord distance observations are
assumed to be horizontal distances.

3D Networks: Corrected observations apply to terrestrial type observations. They are due to bearing
rotations, mark-to-mark reductions, deflection of the vertical corrections, refraction
corrections, or scaling corrections. When a GPS network is adjusted with scale and
rotation enabled, corrections are made to the GPS observations during the actual
adjustment. These corrections are combined into the Adjusted Observation result,
not the Corrected Observation resulit.

COLUMBUS - BIGBASIN. TXT [BEET

File Wiew Data Metwork Resuts Tools Options Window Help

B IR

Dissble | AT Station | 70 Station | BS sta... | obs wum | obs Type Field Obs | StanDev | Corrected Obs | StanDev | adjusted Obs | Stan Dev Resid | Residsd | StanR ~
[m] 101 102 27 1 Hor Ang  208-09-01.000  5.0000  208-09-01.621  5.0000 208-09-05.753 42312 413150 5.5375 0.7
O 101 102 27 2 Zenith 91-07-31.000  8,0000 91-07-36.548  B.0000  91-07-45.889 7.4139 *10.04..  8.3286 1z
] 101 102 27 3 Chard 378026000 0,0250 3780,26000  0.0250  3780.25544 00235 -0.0046 00257 0.1
] 102 101 21 4 Hor &ng 77-53-23.000  5.0000 775323046  5.0000  77-53-15.278 32046 -7.FEET4  6.1885 12
D 102 101 21 L) Zenith B88-54-22.000 5.0000 B88-54-17.719 5.0000 B88-54-15 404 74139 -2.31478 8.3286 -0z
] 102 101 21 5 chord 3780.30000  0.0250 3780.30000  0.0250  3780.25544 00235 00446 00257 17
] 102 103 101 7 Hor Ang 99-54-17.000  5.0000 99-54-16,639  5.0000  99-54-05.737 3.5818 -9.90163  5.9781 1€
] 102 103 101 3 Zenith 94-13-30,000  5,0000 94-13-38.346  &.0000  94-13-44.458 9.8627  6.11293  5.2018 1.1
D 102 103 101 9 Chord 0.0250 2641.38000 0.0250 0.0312 -0.0314 0.0155 -2.C
O 6 000 5.0000  214-27 & 5,0000 z 99 3,4372 *-11.3..,
] 102 16 101 11 Zenith 97-06-08.000 8,000 97-06-07.160  8,0000 53842 *12.26..  9.7643 1z
] 102 16 101 12 Chard SE61.62000  0,0250 566162000  0.0250  S861.63490 00232 00149 0.0260 0.8
] 103 16 CHANEY 13 Hor &ng 56-28-32.000  5.0000 S8-26-32.103  5.0000  58-28-38.990 0.9347 488724 6.9060 0.7
] 102 16 CHANEY 14 Zenith 94-04-12.000  .0000 94-04-16.236  8.0000  94-04-24.898 49545 BEE07Z  9.9892 0.8
] 103 16 CHAMEY 15 Chard 714526000 0,0250 714526000  0.0250  7145.28857 00295  0.02686  0.0186 1
] 103 CHAMEY 16 16 HorAng  301-31-21.000  5.0000  301-31-20,897  5.0000 301-31-23.010 0.9347 211276 6.9060 0.2
< >
K// L
LA PLATA
CHAMEY
For Help, press F1 |30 Geodetic view M 37-13-12.9 W 108-03-30.4 [Elip Hot  |Was 64 |Degrees [Meters

If the Standardized Residual exceeds the Standardized Residual Rejection Constant, the Standardized
Residual value is tagged with an asterisk.

If the Residual/APriori Standard Deviation ratio exceeds the Residual/Apriori Standard Deviation Rejection
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Constant, the Residual/Apriori Standard Deviation value is tagged with an asterisk.

If the Residual is greater than the Observation type Residual Rejection Constant, the Residual is tagged
with an asterisk.

The observation shown above is a possible outlier because it has failed the Residual test.

The redundancy number for each adjusted observation is yet another statistic that may help the user
isolate problem areas in the network.

For each adjusted observation in the network, a redundancy number is calculated. The redundancy
number ranges from 0 to 1. Observation redundancy numbers are a measure of how close the variance of
the residual is to the variance of the observation.

If the redundancy number is close to 1, then the variance of the residual is close to the variance of the
observation and the variance of the adjusted observation is close to zero. If the redundancy number is
close to zero, then the variance of the residual is close to zero, and the variance of the adjusted
observation is close to the variance of the observation.

Intuitively it is expected that the variance of the residuals and the variance of the observations are close.
When this is the case, the noise in the residuals equals that of the observations, and the adjusted
observations are determined with high precision. The case where redundancy is close to one is preferred.
and it is said that the gain on the adjustment is high. If the redundancy is close to zero, one expects the
noise in the residuals to be small.

For a more detailed explanation of the use of the redundancy number, see the latest book by Dr. Alfred
Leick (other books by Dr. Leick are listed in Appendix D).

To disable an observation, place a check mark in its Disable check box. The observation will be
tagged as not usable within COLUMBUS (for COGO traversing or new adjustments) until the
Disable flag is removed.
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Outlier Observations

Select the OBSERVATIONS - OUTLIER OBSERVATIONS command to view any detected possible outlier
observations.

You do not have to search through every observation looking for possible outliers, because this option only
displays the flagged observations. When invoked, all observation are scanned to see if any exceed one of
the three outlier tests. For more information regarding each test, please see the Outlier Rejection
Constants topic in the OPTIONS chapter.

Outliers can be sorted by four methods. If you sort by one of the options other than the AT - TO station
name combination, the outliers will be arranged in descending order (from the largest offenders to the
smallest offenders). Please see the Outlier Sorting discussion in the OPTIONS chapter of this manual for a
more detailed explanation. This is the ’old’ way or sorting in COLUMBUS. A better way is to simply sort
any column you wish, by clicking on the desried column header.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help
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For our BIGBASIN.TXT network adjustment, there are three possible outliers. The outlier view is identical
in appearance and navigation to the Adjusted Observations view. You can disable an observation by
placing a check mark in the observation’s Disable column. Disabled observations will not be used in
subsequent adjustments.

Deciding what to do with outliers is beyond the scope of this manual. However, many papers have been
written about detecting outliers using a variety of techniques.

One of the downsides of a least squares adjustment is its accommodating properties. During the
adjustment, all observations are looked at simultaneously and an attempt is made to best fit all
observations to the network as a whole. In some cases, this can result in bad observations causing
otherwise good observations to look bad. In other words, the good observations are adjusted more
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than they should in order to make the bad observations fit the network better. One of the many challenges
facing the outlier detection theorists is minimizing this problem.

With that in mind, the Standardized Residual test has been recognized as one of the better indicators
for removing possible outlier observations. A commonly accepted methodology is to perform your
adjustment repeatedly until all observations flagged by this test have been removed. However, only one
observation should be removed after each adjustment. The removal of the largest offender could, and
often does, result in smaller offenders going away during subsequent adjustments (therefore, they need
not be removed). Continue the steps of adjusting, removing the largest offender, adjusting, removing the
largest offender - until no more outliers are identified by the Standardized Residual test.

For networks with low redundancy, you may not be able to remove all outlier observations, before reaching
a situation in which the degrees of freedom (redundancy) becomes zero.
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No Check Observations

Select the OBSERVATIONS - NO CHECK OBSERVATIONS command to view any detected No Check
observations. If none are present, this command is disabled. No Check (sometimes called Fly-Lined,
Stubbed-Out, or Sideshot) observations are those that were not adjusted. They have residuals of zero. An
observation with a residual of zero could be an indication of poor network structure or some other
inconsistency.

A common reason for No Check observations appearing in networks are Sideshots. Sideshot stations are
connected to the network by limited observation data. If there are no redundant measurements into the
station, the station is not adjusted. lts computed position has been calculated from the connecting station
using the limited observations measured. These observations receive no adjustment, since there is no
redundancy.

When performing RTK GPS surveys, it is common to end up with dozens of points that are radially
laid out from one known station. If these points are not tied in (using RTK or some other
measurement method) from another known station, these points will receive no adjustment and
hence will be flagged as No Check observations.

For our BIGBASIN.TXT network adjustment, there are no No Check observations. The No Check
Observations view is identical in appearance and navigation to the Adjusted Observations view. The
observation number in the fifth column of the view can be matched to the observation number in the Select
Network Observations list.

If you encounter any No Check observations within your network, check each of the stations connected to
these observations. Are the stations Sideshots (i.e., flylined)? Or have you given these observations such
a large weight (small standard deviations) that no adjustment is applied to these observations?
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GPS Local NEU Residuals

Select the OBSERVATIONS - GPS LOCAL NEU RESIDUALS command to view the adjusted GPS
residuals in a Local NEU (North, East, Up) Horizon system. This command is only applicable to 3D
networks containing GPS observations.

- COLUMBUS - BIGBASIN. TXT
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The Local Horizon NEU residuals help in the detection of receiver centering and height measurement
errors over the AT or TO stations. To compute the Local Horizon NEU residual for each baseline, the GPS
XYZ residuals are transformed to Local Horizon NEU residuals based on the mean geodetic position for
each AT and TO station pair (i.e., at the midpoint of the GPS vector).

The Delta North and East components represent the error in northing and easting of the baseline between
the AT and TO stations. The Up component represents the error in the vertical component of the baseline
between the two stations.
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Residual Distribution

Select the OBSERVATIONS - RESIDUAL DISTRIBUTION command to view the distribution of
Standardized Residuals for all observations collectively and for each observation type.

The standardized residual for an observation is simply:

the adjusted observation residual
the residual standard deviation

This is a unitless quantity that allows both angular and linear observations to be compared directly.

Probability theory suggests that random errors taken from large samples will tend to be normally
distributed about their mean. Graphically, this can be represented by a bell-shaped curve, where the
majority of the standardized residuals are expected to be clustered about the midpoint. COLUMBUS
presents the histogram, as well as the numerical results from the Chi-squared “Goodness of Fit” test.

COLUMBUS looks at all the standardized residuals and groups them into classes about the theoretical
mean (zero). Each class spans the range of 0.5 standard deviations. There are seven classes on each
side of the mean, for a total of 14. Any standardized residual outside the leftmost or rightmost class is
tabulated as out of range.

! COLUMBUS - BIGBASIN_NET. TXT
File ‘iew Dats Metwork Results Tools Options Window Help

DEEH& K202 - o HEEDR|lcEBERS AN S| 0 2 0=« BiK

¥ BIGBASIN_NET.TXT: Residual Distribution Results =09

Chi Square Test- Confidence 55.000 126 Residuals, 0 Out Of Range
0.00 <3262 < 21.02 Fails ALLOBS
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The figure above represents the histogram of standardized residuals for our 3D Geodetic network,
BIGBASIN.TXT. As more observations are added to the network, the distribution will generally approach
normality (unless there is a problem in the network). The x-axis of the diagram contains two sets of values:

CNT: The number of actual standardized residuals within each class. Standardized residuals falling
greater than 3.5 standard deviations from the mean are not depicted. However, the number out of
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range are tabulated in the upper right corner of the screen.

STD: The number of standard deviations from the theoretical mean (zero) for each class. Each class
represents one-half standard deviation.

The central vertical line of the histogram represents the theoretical mean of the standardized residuals for
all observations (zero). Since the x-axis represents the number of standard deviations from this value, the
observations with the smallest standardized residuals will fall near this vertical line, while observations with
larger standardized residuals will be farther away. Therefore, the closer the histogram approximates the
bell-shaped curve, the closer the standardized residuals approach normality.

The Chi-squared Goodness of Fit test is a quantitative measure as to the fit of the histogram to the normal
distribution. In the figure above, the Chi-square test fails at the 95 percent confidence level. We have found
the Chi-square test to be very sensitive (with 14 interval classes). Therefore, the graphical representation
of the residual distribution should be considered in combination with the numerical Chi square test results
before concluding the residuals are or are not normally distributed. Even if the test fails (misses by some
small amount), the residuals may be considered normally distributed if they form a bell-shaped curve.

You may also notice a hashed region in the vertical histogram bars for some observation types. This
indicates that the bar would normally be higher than what can be displayed on the screen.

For our example network BIGBASIN.TXT, the Chi-square test has failed, yet the distribution of residuals
appear to be normally distributed. If we were to add more measurements to this network, we might expect
the distribution to approach better normality.

To view each residual distribution histogram, click on the Previous or Next arrow toolbar button. If you
display the distribution for the chord distance observations, you will notice that many are to the left of the
graph center (negative standardized residuals). This could be an indicator of some sort of systematic
error in the measured chord distances. For example, the rod person may not be holding (or setting up)
the prism at the correct position. Thus most distances were measured too long, resulting in a negative
residual after adjustment. A negative residual will yield a negative standardized residual.
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Confidence Regions

Height Confidence Intervals

Select the CONFIDENCE REGIONS - HGT CONFIDENCE INTERVALS command to view Height
Confidence Interval results at each station and between connect station pairs.

The Height Confidence Interval is an estimate of the precision of the adjusted height (orthometric or
ellipsoidal, depending on the network adjustment context), at each station and the relative precision of the
height between connected stations.

COLUMBUS - BIGBASIN. TXT [BEES
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The station height confidence interval is computed from the a posteriori covariance matrix for each station.
To compute the relative height confidence interval between connected stations, the a posteriori covariance
matrix for the AT station, the TO station and the a posteriori covariance matrix which correlates the two
stations are used. Since the height confidence interval is a one-dimensional result, the 1D expansion factor
is used to scale the height confidence interval to the chosen confidence level (in this case, 95%).

To toggle between the station height confidence intervals and the relative connected stations height
confidence intervals, invoke the SWITCH CONTEXT command or click on the Switch Context toolbar
button.
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Distance Errors

Select the CONFIDENCE REGIONS - DISTANCE ERRORS command to view the distance errors
between connected station pairs or all station pairs.

The Distance Error is an estimate of the precision of the adjusted chord (slope) distance between two
stations in the network. It can be computed between connected stations or between all station
combinations in the network.

The distance error is computed from the a posteriori covariance matrix for the AT station, the TO station,
and the a posteriori covariance matrix which correlates the two stations. Because the distance error is a
one-dimensional statistical result, the 1D expansion factor is used to scale the results to the chosen
confidence level (in this case, 95%).

Connected Stations

In the screen below, the distance error from Station 16 to Station 21 is highlighted. The standard deviation
has been scaled to the 95 percent confidence level by the expansion factor 1.95937 (shown in the
Standard Deviation column). The distance represents the adjusted chord distance between the two
stations. At the 95 percent confidence level, we expect the true chord distance between these stations to
be within the interval 10555.6749 + 0.0474 Meters.

- COLUMBUS - BIGBASIN. TXT
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The PPM and ratio are two separate ways of expressing the precision of the chord distance. PPM is
computed from:

scaled Stan Dev 1 00, 000.0

Distance
The ratio is equal to the:
Distance or 1, 000, 000.0
scaled Stan Dev PPM

As you lower the confidence level from 95 percent to 68 percent (to approximately one sigma), the 1D
expansion factor will decrease to 1.0. This will result in the scaled standard deviation decreasing;
therefore, the PPM and ratio will appear more optimistic. Raising the confidence level will have the
opposite effect.

The results are alphabetically arranged according to the AT and TO station names. Only those station
combinations with connecting observations are displayable.

All Possible Pairs

To view/report all station pair combinations, invoke the SWITCH CONTEXT command or click on the
Switch Context toolbar button until the words, “All Possible Pairs” appears in the "TO Station" column.
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In the screen above, the distance error from Station 102 to Station LA PLATA is highlighted. The standard
deviation has been scaled to the 95 percent confidence level by the expansion factor 1.95937 (shown in
the Standard Deviation column). The distance represents the adjusted chord distance between the two

6-32 Copyright 1998-2009 Best-Fit Computing, Inc.



stations. At the 95 percent confidence level we expect the true chord distance between these stations to be
within the interval 22952.0277 +0.0846 Meters.

WARNING: For medium to large networks, the number of combinations can grow very large. In fact, the
number of possible combinations can be computed from the number of stations (n) in the network, i.e.,

nx(n—-1)
2

Copyright 1998-2009 Best-Fit Computing, Inc. 6-33



Error Circles

Error Circles are another statistic for evaluating your survey. The statistics below are based on the method
used by NGS (National Geodetic Survey). They are closely related to error ellipses; in fact, error circles are
partially derived from error ellipses, but they are circles with fixed radius. Their computation is rigorous and
follows the theory outlined in the standard literature.

Select the CONFIDENCE REGIONS - ERROR CIRCLES command from the RESULTS menu to view the
error circles at each adjusted station and between station pairs.

As with any confidence result offered in COLUMBUS (height errors, distance errors, error circles, error
ellipses, error ellipsoids, and ALTA requirements), choose the method that matches the required standards
for the survey. For example, one client may demand only Distance Errors, while another may want to see
Distance Errors, Error Circles, Error Ellipsoids, and ALTA results.

Chi Square Distribution and Fisher Distribution ('F’ Test)

You can examine statistical results using the Chi Sqr test or the 'F' Test (Fisher Distribution) for Error
Circles. Select the Toggle Chi Square <--> Fisher Test command from the RESULTS menu to toggle the
context of the result types you are currently viewing. For example, when viewing error circles, you can
toggle between viewing the error circles scaled using the Chi Square Distribution or the Fisher Distribution
('F' Distribution).

Note: The Fisher Distribution is better for modeling networks with small degrees of freedom than the Chi
Square test.

Chi Square Distribution

The Chi Square Distribution is used in sampling statistics to determine the range in which the variance of a
population can be expected to occur. It is a function of the:

1. Specified level of probability

2. The computed variance of the sample set

3. The degrees of freedom in the sample

Fisher Distribution

The Fisher Distribution ('F' Distribution) is used when comparing the computed variances from two sample
sets. It represents the variance ratios for varying degrees of freedom. The 'F' Distribution is used to model

the statistical results for samples containing small degrees of freedom.

Note: As the number of degrees of freedom in a survey approaches infinity, the results from the Fisher'
distribution and Chi Square distribution approach the same value.

Stations

This views below allows you to see the error circles for each adjusted station (absolute), the error circles
between connected station pairs (relative) and the error circles between all station pairs (relative). The
absolute error circle is a measure of the precision between the fixed stations and the adjusted stations.
The relative error circle is a measure of the precision between two adjusted stations.
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The expansion factor is a value that expands the error circle to a size commensurate with the confidence
level. For example, if the confidence level is set to 95% (set in the OPTIONS - GLOBAL SETTINGS
dialog), the error circle is expanded by the 95% expansion factor.
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The following are reported for both absolute and relative error circles:
+ Confidence level
+ AT and TO station names
* Radius or error circle at one sigma (for 2D, it is 39.35 percent)
«  The Chi Square Multiplier or the “F” Multiplier, depending on context
* Radius at two sigma (approximately 95 percent)
For relative error circles only:
« Distance (the chord distance between the adjusted stations)

« PPM (the relative error circle expressed in parts per million; error circle radius / Distance x
1000000.0.)

+ Ratio (PPM expressed in ratio form)

The results are in alphabetical order by station name. Click on the Normal Distribution Curve toolbar
symbol or select the TOGGLE CHI SQR<--> FISHER option from the Results menu to change the
multiplier. For the °'F’ test, the multiplier is the same for all results. The Chi Square multiplier will vary from
one result to another.
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Connected Stations

To view/report the connected station pair combinations, select the SWITCH CONTEXT command from the
Results menu or click on the Switch Context toolbar button until the words, “Connected Pairs” appears in
the view.
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All Possible Pairs

To view/report all station pair combinations,
Switch Context toolbar button until the words,

OLUMBUS - BIGBASIN.TXT

File Wiew Data Metwork Results Tools Options “Window Help

select the SWITCH CONTEXT command or click on the
“All Possible Pairs” appears in the "TO Station" Column.
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WARNING: For large networks, the number of combinations can grow very large. In fact, the number of
possible combinations can be computed from the number of stations (n) in the network, i.e.,

nx(n-1)

2
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Error Ellipses

Select the CONFIDENCE REGIONS - ERROR ELLIPSES command from the RESULTS menu to view the
error ellipses at each adjusted station and between station pairs.

The error ellipse is an estimate of the precision of the adjusted 2D coordinates (latitude and longitude in
this example) at each station, and the relative precision of the 2D coordinates between stations. Error
ellipses can be computed for each adjusted station, between connected stations and between all station
combinations.

The station error ellipses are computed from the a posteriori covariance matrix for each station. To
compute the relative error ellipse between stations, the a posteriori covariance matrix for the AT station,
the TO station and the a posteriori covariance matrix which correlates the two stations are used. Because
the error ellipse is a two-dimensional statistical result, the 2D expansion factor is used to scale the semi-
major and semi-minor axes to the chosen confidence level (in this case, 95%). The 1D expansion factor is
used to scale the height component (not relevant to 2D geodetic network adjustments).

Chi Square Distribution and Fisher Distribution ('F’ Test)

You can now examine statistical results using the Chi Sqr test or the 'F' Test (Fisher Distribution) for Error
Ellipses. Select the Toggle Chi Square <--> Fisher Test command from the RESULTS menu to toggle the
context of the result types you are currently viewing. For example, when viewing error ellipses, you can
toggle between viewing the error ellipses scaled using the Chi Square Distribution or the Fisher
Distribution ('F' Distribution).

Note: The Fisher Distribution is better for modeling networks with small degrees of freedom than the Chi
Sqr test.

Chi Square Distribution

The Chi Square Distribution is used in sampling statistics to determine the range in which the variance of a
population can be expected to occur. It is a function of the:

1. Specified level of probability

2. The computed variance of the sample set

3. The degrees of freedom in the sample

Fisher Distribution

The Fisher Distribution ('F' Distribution) is used when comparing the computed variances from two sample
sets. It represents the variance ratios for varying degrees of freedom. The 'F' Distribution is used to model

the statistical results for samples containing small degrees of freedom.

Note: As the number of degrees of freedom in a survey approaches infinity, the results from the 'F'
distribution and Chi Square distribution approach the same value.

Stations

In the screen below, the 2D error ellipse at Station 103 is highlighted. The semi-major and semi-minor axes
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have been scaled to the 95 percent confidence region using the 2D expansion factor. The semi-major and
semi-minor axes form a local elliptical region around the adjusted station coordinates (latitude and
longitude). We expect (with 95% confidence) the true latitude and longitude of Station 103 to fall within this
region.

- COLUMBUS - BIGBASIN. TXT

File Wiew Data MNetwork Results Tools Options  Window Help
PeEa&@c:ar e HEHNER|loB@SARm =< >]] 24 JE v 8"

‘  BIGBASIN.TXT: Adjusted/Analyzed Network Topolo

AT Station TO Station Semi-Major ... Semi-Minor | Azimuth | Height ...

101 A 0.1720 0.0809 1133 0.3539
102 [ 0.1183 0.0826 1042 0.2908
12 HA 10,0351 1098 0.0551
14 A 0.0552 0.0314 9.5 0.0419
15 A 0.0973 0.0290 1083 0.0455
16 A 0.1020 0.0550 921 0.002
19 [ 0.0713 0.0455 895 0.0521
20 HA 0.0761 0.0403 998 0.0476
21 [ 0.1124 0.0402 1060 0.0623
22 A 0.1083 0,043 1014 0.0563
23 A 0.1276 0.0430 1036 0.0654
27 A 0.0763 10,0451 1003 0.0608
CARBOR A 0.0000 0.0000 0.0 0.0000
CHANEY [ 0.0000 0.0000 0.0 0.0000
FORT LEWIS HA 0.0000 10,0000 0.0 0.0000
LA PLATA, [ 0.0000 10,0000 0.0 0.0000
< L3
A PLATA
CHAMNEY
For Help, press F1 |30 Geodetic iew M 37-13-02.4 W 107-58-40.4 [Elip Hgt  [WGS 84 |Degrees [Meters

As you lower the confidence level from 95 percent to 68 percent (to approximately one sigma), the 2D
expansion factor will decrease. This will result in the semi-major and semi-minor axes to appear more
optimistic. Raising the confidence level will have the opposite effect.

The results are in alphabetical order by station name. The semi-major and semi-minor axes are
determined by COLUMBUS. The semi-major axes is simply the larger of the two. The azimuth is the
orientation from due north to the semi-major axis.
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Connected Stations

To view or report the connected station pair combinations, select the SWITCH CONTEXT command or
click on the Switch Context toolbar button until the words, “Connected Pairs” appears in the view.

* COLUMBUS - BIGBASIN.TXT [BEE]

File Wiew Data Metwork Results Tools Options “Window Help

PeEa&@c:ar e HEHNER|loB@SARm =< >]] 24 JE v 8"

TO Station {Connect... | Semi-Major ... Semi-Minor | Azimuth | Height ... Distance Ratio
0.1124 0.0714 766 0.2921  11328.5677 1:100825
0.1433 0.0509 106.0 0.0762  15109.1271 1:105445
0.1467 0.0407 103.3 0.0651 5334,8269 1:36366
LA PLATA 0.1089 0.0443 101.4 0.0583 B646,8457 1:79432
LA PLATA 0.1276 0.0430 103.6 0.0654  100S6.2138 1:78795
0.1755 0.0773 1122 0.3510 8682,7350 1:49476
0.1217 0.0447 108.6 0.0665 6470.1226 1:53175
0.0457 106.5 0.0736  11417.7006 1:93501

00351 109.9 0.0551

96,5

0.0455 1S 5
0.0608 4D69,7221 18,8934 1:52928
0.0455  14185.0385 69019 1:144887
0.0583  17613.3748 61805  1:161300
0.0654  12503.9421 10,2067 1:97974
FORT LEWIS X . 0.0412 S603,5692 9.8566  1:101455
FORT LEWIS X 0.0455  13477.4860 7.2643 11137660
FORT LEWIS X . 0.0521 5483.1727 13,0021 1:76911
FORT LEWIS . . 0.0475 6598,4270 88481 1:113019
LA PLATA X 0.0455  17076.3294 57333 1174418

For Help, press F1 |30 Geodetic iew M 37-15-45.7 W 108-08-35.8 [ElipHgt |WGS 84 |Degrees [Meters

CHAMNEY

In the screen above, the relative error ellipse from Station CARBON to Station 14 is highlighted. The semi-
major and semi-minor axes have been scaled to the 95 percent confidence region using the 2D expansion
factor (i.e., 2.44788 visible in the "Major (2D exp..." column heading). The chord distance is the adjusted
chord distance between the two stations. The error ellipse (formed by the semi-major and semi-minor)
represents the expected error in 2D (latitude and longitude in this network) between the two adjusted
stations.

The PPM and ratio are two ways of expressing the 2D precision between each station. PPM is computed
from the:

scaled semi-major axis
chord distance

x 1,000, 000.0

The ratio is equal to the:

chord distance o 1, 000, 000
scaled semi-major axis PPM

As you lower the confidence level from 95 percent to 68 percent (to approximately one sigma), the 2D
expansion factor will decrease. This will result in the semi-major and semi-minor axes to decrease;
therefore, the PPM and ratio will appear more optimistic. Raising the confidence level will have the
opposite effect.
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All Possible Pairs

To view/report all station pair combinations, select the SWITCH CONTEXT command or click on the
Switch Context toolbar button until the words, “All Possible Pairs” appears in the dialog box.

WARNING: For large networks, the number of combinations can grow very large. In fact, the number of
possible combinations can be computed from the number of stations (n) in the network, i.e.,

nx(n—-1)
2
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Error Ellipsoids

Select the CONFIDENCE REGIONS - ERROR ELLIPSOIDS command to view the error ellipsoids at each
adjusted station and between station pairs.

The error ellipsoid is an estimate of the precision of the adjusted 3D coordinate (latitude, longitude and
height in this example) at each station, and the relative precision of the 3D coordinates between stations.
Error ellipsoids can be computed for each adjusted station, between connected stations and between all
station combinations.

The station error ellipsoids are computed from the a posteriori covariance matrix for each station. To
compute the relative error ellipsoid between stations, the a posteriori covariance matrix for the AT station,
the TO station and the a posteriori covariance matrix which correlates the two stations are used. Because
the error ellipsoid is a three-dimensional statistical result, the 3D expansion factor is used to scale the
ellipsoidal axes to the chosen confidence level (in this case 95%).

* COLUMBUS - BIGBASIN.TXT [®EE
File Wiews Data MNetwork Resuls Tools Options ‘window Help

D H& = = P EolHHEEEB|o ERS AW S| 24088

¥ BIGBASIN.TXT: Error Ellipsoid Results
AT Station Zuns M., | Semi-Mi... | Semi-Maj Az

0.0599 131.5
0.0942 97.5

FORT LEWIS
LA PLATA 0.0000

For Help, press F1 |30 Geodetic iew M 37-12-48.7 W 108-03-30.4 [Elip Hgt  |WGS 84 |Degrees [Meters

CHAMNEY

Stations

In the screen above, the error ellipsoid at Station 103 is highlighted. The semi-major, semi-medium and
semi-minor axes have been scaled to the 95 percent confidence region using the 3D expansion factor. The
semi-major, semi-medium and semi-minor axes form a local ellipsoidal region around the adjusted station
(latitude, longitude and height coordinate). We expect (with 95% confidence) the true latitude, longitude
and height of Station 103 to fall within this region.

As you lower the confidence level from 95 percent to 68 percent (to approximately one sigma), the 3D
expansion factor will decrease. This will result in the semi-major, semi-medium and semi-minor axes to
appear more optimistic. Raising the confidence level will have the opposite effect.
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The results are in alphabetical order by station name. The semi-major, semi-medium and semi-minor axes
are determined by COLUMBUS. The semi-major axes is simply the largest of the three. The azimuth for all
semi-axes are their orientation from due north. The zenith angles represent an angle as measured from
the zenith.

* COLUMBUS - BIGBASIN.TXT [®EE
File Wiews Data MNetwork Resuls Tools Options ‘window Help

TeEa@t:car e HENER|loB@SARum =< >]] 24 2L v 8 W

——=h CAREOMN

=

¥ BIGBASIN.TXT: Error, Ellipsoid Results

AT Station TG Station (Co... M., | Semi-Mi... | Semi-Maj Az Distance Ratio
0.0441 101.2 K X R . 16404,6539 11116545
0.0429 102.1 . A L 10635.853% 1:73321
0.0810 3.4 X X 11328.5677 1:27098

0.0492 107.1 . . . . 3 15109.1271 1191665
0.0385 103.8 . . A X . 5334,6269 131719
0.0446 101.4 3 E . A . B646,5457 1:69558
0.0403 104.5 3 8 8 5 . 100562183 1168660
0.0827 140.1 . g A 3 8652,7350 1:17215
0.0434 0.6 X . . 6470.1226 1:45572
0.0489 108.9 X g E 11417.7006 1:80987
00339 R . 5 X 3 3T67 6965 1:27333

0,0 ] 94,3 N 7.0 78.0 1:118756
01125 X 0.0247 . X X K X 15312.7629 7.3437 1136170
0.0897 3 0.0457 E . K A X 3 4069.7221  22.0495 1:45352
01125 3 0.0247 . 3 X 8 . . 14185.0385 79276 1126142
0.1243 0.0446 E E X A 17613.3745 7.0578 11141687
0.1465 0.0403 X X X . 125039421  11.7135 1:85372
FORT LEWIS 0.0632 X 0.0343 . . X . f X 56035692 11.2762 1:98683
FORT LEWIS 01125 X 0.0247 . 3 X X . . 134774860 83438  1:119850
FORT LEWIS 0.0834 X 0.0478 E 3 X X R 5483.1727 15,2070 165759
FORT LEWIS 00859 § 0.0416 A i . . . 8598.4270 101042 198963

For Help, press F1 |30 Geodetic iew M 37-12-45.7 W 107-57-45.4 [ElipHgt [WGS 84 |Degrees [Meters

CHAMNEY

Connected Stations

To view or report the connected station pair combinations, invoke the SWITCH CONTEXT command or
click on the Switch Context toolbar button until the words, “Connected Pairs” appears in the view.

In the screen above, the relative error ellipsoid from Station CARBON to Station 14 is highlighted. The
semi-major, semi-medium and semi-minor axes have been scaled to the 95 percent confidence region
using the 3D expansion factor (i.e., 2.79532, shown in the Major column). The chord distance is the
adjusted chord distance between the two stations. The error ellipsoid (formed by the axes) represents the
expected error in 3D (latitude, longitude and height) between the two adjusted stations.

The PPM and ratio are two ways of expressing the 3D precision between each station. PPM is computed
from the:

scaled semi-major axis
chord distance

x 1,000, 000.0

The ratio is equal to the:

chord distance or 1, 000, 000
scaled semi-major axis PPM

As you lower the confidence level from 95 percent to 68 percent (to approximately one sigma), the 3D
expansion factor will decrease. This will result in the semi-major, semi-medium and semi-minor axes to
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decrease; therefore, the PPM and ratio will appear more optimistic. Raising the confidence level will have
the opposite effect.

All Possible Pairs

To view/report all station pair combinations, invoke the SWITCH CONTEXT command or click on the
Switch Context toolbar button until the words, “All Possible Pairs” appears in the dialog box.

WARNING: For large networks, the number of combinations can grow very large. In fact, the number of
possible combinations can be computed from the number of stations (n) in the network, i.e.,

nx(n—-1)
2

6-44 Copyright 1998-2009 Best-Fit Computing, Inc.



ALTA Positional Uncertainty

Select the CONFIDENCE REGIONS - ALTA POSITIONAL UNCERTAINTY command to view ALTA test
results between connected station pairs or all station pairs.

ALTA Positional Uncertainty testing is usually based on a minimally constrained (free) network adjustment.
Any errors in observations are due to your field work and not due to other control station errors.

The ALTA results in this section are based on a minimally constrained (free) adjustment holding
station LA PLATA fixed in 3D. The linear units are shown in U.S. Feet.

COLUMBUS supports two different ALTA/ACSM positional uncertainty tests. The first test (and the most
commonly accepted) is based on the semi-major axis of the relative error ellipse between station pairs.
The second, less commonly used test is based on the distance error between station pairs. See the Error
Ellipse and Distance Error based tests earlier in this chapter for more details. Unlike the Distance Error and
Error Ellipse tests mentioned earlier, the ALTA test is based on the horizontal distance between station
pairs and not the chord (slope) distance.

From within this view, there are four different combination of results:

1. Connected station positional uncertainty based on the semi-major axis of the relative error ellipse.
2. All station pair positional uncertainty based on the semi-major axis of the relative error ellipse.

3. Connected station positional uncertainty based on the distance error.

4. All station pair positional uncertainty based on the distance error.

To toggle between the four different sets of results, invoke the SWITCH CONTEXT command or the
equivalent toolbar button.

Within the view, the second column heading from the left indicates either connected pair results or all
possible pair results. The fourth column indicates whether the results are based on the semi-major axis of
the relative error ellipse or the distance standard deviation (distance error).

For each test type, the relative error ellipse or distance error is compared against an allowable tolerance
threshold. If the relative error ellipse or distance error (depending on the context of 1 - 4 above) is greater
than the threshold (ratio of error / threshold > 1.0), the test fails between that station pair. The allowable
tolerance threshold is based on a fixed constant + a PPM (parts per million component). Currently the
ALTA/ASCM allowable tolerance is 0.070 U.S. feet + 50 ppm. For a distance of 250 U.S. feet, that results
in an allowable tolerance of 0.070 U.S. feet + (250 * 50 / 1000000.0) or 0.0825 U.S. feet.

ALTA/ACSM testing can be performed at any confidence level between roughly 1.0 and 99.999 percent.
The most commonly acceptable setting is 95%. This value can be changed in the OPTIONS - GLOBAL
SETTINGS dialog. As you increase this percentage, more results may fail the test. Within the view, failed
tests are shown in a different color in the ratio column.

To quickly view a report style format, invoke the FILE - PRINT PREVIEW command. The report is always
based on the current combination (1 - 4). Any failed tests are always shown at the top of the test report, but
not the view.

The ALTA/ACSM test is based on the horizontal distance between station pairs. The distance shown in the
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view and reports is the mean horizontal distance between each station pair. The mean horizontal distance
is obtained by calculating the mean of the horizontal distance from the AT station to the TO station plus the
horizontal distance from the TO station to the AT station. For most small projects, the horizontal distance
from the AT station to the TO station and from the TO station to the AT station are essentially the same.

Like all Network Adjustment results, you can automatically create these reports at adjustment time by
making the applicable report settings within the OPTIONS - NETWORK OPTIONS - REPORT SETTINGS
dialog.

To write all results (for the current test context 1 - 4) to a report file, invoke the REPORT command or click
on the Report toolbar button. COLUMBUS will prompt you for the name of a report file. You can create a
new report file or append to an existing file.

WARNING: For medium to large networks, the number of all pair combinations can grow very large. In
fact, the number of possible combinations can be computed from the number of stations (n) in the network:

nx(n—-1)
2
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Connected Stations (relative error ellipse based)

In the screen below, the ALTA/ACSM ratio for the station pair 102 and 103 is 0.5582. The ratio is less than
or equal to 1.0 and therefore passes the testing criteria. These ALTA results are based on a minimally
constrained (free) adjustment holding station LA PLATA fixed in 3D. The linear units are shown in U.S.

Feet.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

TeEa@t:car e HENER|loB@SARum =< >]] 24 2L v 8 W

.'._L BIGBASIN.TXT: Adjusted/Analyzed Network Topology

Allowed (0.0700 -+ 50 PPM)
1 01,6900
103 16 23364.1856 03134 1.2392 0.2529
103 CHANEY 307711208 0.4708 1.6086 0.2927
12 14 13262 5628 0,3381 0,7331 0.4612
12 21 22069.5352 0,3569 11735 0.35041
14 21 15669,1010 0,3545 0,8535 0.4154
15 20 226452752 0.3356 1.2024 0.2625
15 22 33810.2208 0.3522 1.7605 0.2000 =
15 23 231948328 0.3737 1.2297 0.3038
16 21 34620,7923 0.3147 1.8010 0.1747
16 23 272462916 0.3779 1,4323 0.2638
16 CHANEY 27224,8344 0.4174 14312 0.2917
16 LAPLATA EA369,8647 0.5204 29185 0.1095
19 20 23794, 1544 0.2447 1.2597 0.1542
19 21 36753.7647 0.3815 1.9077 0.2000
19 22 53809.0071 0.3925 2.7605 0.1422
20 22 34886.8306 0.3903 18143 0.2151
21 102 37139.5140 0.3023 1.9270 0.1569 &
/ L
LA PLATA
CHANEY
For Help, press F1 |30 Geodetic iew M 37-10-02.1 W 107-45-39.8 [Elip Hgt  [WGS 84

The results are alphabetically arranged according to the AT and TO station names. Only those station

combinations with connecting observations are displayable.
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All Possible Pairs (relative error ellipse based)

In the screen below, the ALTA/ACSM ratio for the station pair 15 and 16 is 0.3325. The ratio is less than or
equal to 1.0 and therefore passes the testing criteria. These ALTA results are based on a minimally
constrained (free) adjustment holding station LA PLATA fixed in 3D. The linear units are shown in U.S.
Feet.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

Do Hacsa? ke dENEE|o B @Sl s[< 5|1 27058 v 8|8
: BIGBASIN.TXT: AdjustedfAnalyzed Network Topology

AT Station TO Station (Al Possible P... | Mean Hori... | Semi-Major (20 ... | Allowed (0.0700 + 50 PPM) | Semi-Major | Allowed ratio -~
14 CARBON 24611.0370 0,5229 1.3006 0.2453
14 CHANEY 766055551 0.5289 3.9003 0.1356
14 FORT LEWIS 183679231 0.1581 0.9984 0.1599
14 LA PLATA 597431161 0,4072 45072 0.0903

S 5 3 ( 0959 S
15 19 45719.3661 0.3545 2,3560 0.1505
15 20 22645,2752 0,5356 1.2024 0.2525
15 21 195194412 0.5743 1,040 0.3578
15 22 338102208 0.3522 1.7605 0.2000
15 23 23194.8328 0.3737 1.2297 0.3038
15 27 51145.8412 03798 26273 0.1445
15 CARBON 50238.0163 0.3537 25819 0.1370 U
15 CHANEY 46534,9519 0.4681 2,3967 0.1953
15 FORT LEWIS 44215,3780 0.3225 2,2308 0.1414
15 LAPLATA S6011.7111 0,3503 25706 0.1220
16 19 £6069.9253 0.4169 33735 0.1236
16 20 43183.6633 0.4158 2.2292 0.1865
16 21 34620,7923 0.3147 1.8010 0.1747
16 22 44021, 4286 0.3641 2,271 0.1603
16 23 272462916 0.3779 1,4323 0.2638 &

/ L
LA PLATA
CHANEY
For Help, press F1 |30 Geodetic iew M 37-12-53.8 W 108-12-26.8 [ElipHgt  |WGS 84 |Degrees U Foot

The results are alphabetically arranged according to the AT and TO station names.
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Connected Stations (distance error based)

In the screen below, the ALTA/ACSM ratio for the station pair 102 and 103 is 0.3146. The ratio is less than
or equal to 1.0 and therefore passes the testing criteria. These ALTA results are based on a minimally
constrained (free) adjustment holding station LA PLATA fixed in 3D. The linear units are shown in U.S.
Feet.

© COLUMBUS - BIGBASIN.TXT [2)=)x]

File Wiew Data Network Resuls Tools Options ‘“Window Help
Do Hacsa? ke dENEE|o B @Sl s[< 5|1 27058 v 8|8
A-'_LBIGBASIN.TIT: Adjusted/Analyzed Network Topology

AT Station Mean Hori.., | StanDev (1D e... | Allowed (0.0700 + S0PPM) | Stan Dev { Allowed ratio
101 19 73305,27592 03928 37353 0.1052
101 20 £5986.9809 0.4109 28693 0.1432
101 21 36603,8675 03241 1.9002 0.1708
101 22 70471,3789 0.365% 35936 0.1017
101 23 55345,9992 03575 28373 0.1260
101 27 28295,7931 0.1571 1.4848 0.1058
101 CARBON 37729.1823 02046 1.9565 0.1046
101 CHANEY 458725108 0.2065 23636 0.0874
101 FORT LEWIS 624933281 0.3537 3.1947

101 LA PLATA & 43906

EX 2039 2.2923

102 14 46747,1057 0.2303 2.5074 =
102 15 323680452 0.3023 1.6384
102 16 18455,2656 01185 0.9917
102 19 73264, 2500 0.2830 37332
102 20 53111.2352 0.3135 2.7256
102 21 37139.5140 0.1579 1.9270
102 22 616613611 0.3019 3.1531
102 23 454469377 0.3110 2.3423 &

/ L

LA PLATA

CHANEY
For Help, press F1 |30 Geodetic iew M 37-13-02.0 W 108-02-19.5 [Elip Hgt  [WGS 84 |Degrees U Foot

The results are alphabetically arranged according to the AT and TO station names. Only those station
combinations with connecting observations are displayable.
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All Possible Pairs (distance error based)

In the screen below, the ALTA/ACSM ratio for the station pair 15 and 16 is 0.2101. The ratio is less than or
equal to 1.0 and therefore passes the testing criteria. These ALTA results are based on a minimally
constrained (free) adjustment holding station LA PLATA fixed in 3D. The linear units are shown in U.S.

Feet.

- COLUMBUS - BIGBASIN. TXT
File Wiew Data Metwork Resuts Tools Options Window Help
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: BIGBASIN.TXT: AdjustedfAnalyzed Network Topology

Stan Dev (1D e...

Alloved (0.0700 + 50 PPM)

Stan Dev { Allowed ratio

Mean Hori...

14 20 29479,5505
14 21 15669.1010
14 22 62406.2414
14 23 57277.2828
14 27 341760967
14 CARBON 24611.0370
14 CHANEY 766055551
14 FORT LEWIS 183679231
14 LA PLATA 1
| F15 & 9
15 12 457193661
15 20 226482752
15 21 19519,4412
15 22 338102208
15 23 23194, 8325
15 27 511458412
15 CARBON S0238.0163
15 CHANEY 46534,9519
15 FORT LEWIS 442153760

15 LA PLATA 56011,7111

01673
0.1016
0.180%
0.1425
0.2780
02434
016559
01036

0.1916
0.2144
0.1058
0.2387
01557
0.2287
0.1565
0.2214
01134
0.1755

1.5440
0.8535
3.1903
29339
1.7788
1,3006
3.9003
09884

0.1084
0.1190
0.0566
0.0486
0.1563
0.1872
0.0425
0.1048

3

ZA PLATA
CHANE

For Help, press F1

M 37-10-055 [w 107-48-59.0 [ElipHgt |WGS 84

The results are alphabetically arranged according to the AT and TO station names.
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Create Inverse Text File

After performing a network adjustment or pre-analysis, you can save the contents of the final binary
inverse file into a readable ASCII (Text) file for further review.

The final inverse file contains most of the statistical raw data from which many of the statistical results are
derived. Some advanced users occasionally want to perform additional statistical analyses not supported
by COLUMBUS. These users can extract the inverse data from this file and compute additional statistics
as needed.

For 2D and 3D networks, the resulting file format consists of one 3 x 3 matrix for each row in the file. Each
row represents the inverse data for each station pair. Therefore, each line in the file consists of the
following fields:

At Station Name, To Station Name, nn, ne, nu, en, ee, eu, un, ue, uu

Where:

nn = At station north and To station north covariance element.

ne = At station north and To station east covariance element.

nu = At station north and To station up covariance element.

en = At station east and To station north covariance element.

ee = At station east and To station east covariance element.

eu = At station east and To station up covariance element.

un = At station up and To station north covariance element.

ue = At station up and To station east covariance element.

uu = At station up and To station up covariance element.

When the At and To station name are the same, the covariance elements are for that station alone. These
data are found on the diagonal 3 x 3 band of the inverse matrix. In this scenario, the 3 x 3 matrix will always
be symmetrical.

After selecting the file to write the ASCII (Text) inverse data into, COLUMBUS will ask you if you want to
scale the raw data by the A Posteriori Variance factor. If you select Yes, COLUMBUS will scale each
inverse element by the A Posteriori Variance factor before writing it to the file. The scaler will also be
written on the first line of the resulting file. It will be 1.0 if you elect not to scale.

For 1D networks, only one variance element exists for each station pair. For 2D networks, the up

components will always be zero. For 2D and 3D networks, the final inverse file can get quite large
for networks containing hundreds of stations.
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Best Free Solutions

In the ADJUSTMENT (FREE - ELIMINATE OUTLIERS) section of the NETWORK ADJUSTMENT chapter,
an example is given of the usage of the automated outlier detection removal tool in COLUMBUS. To
demonstrate the detection of outliers using the BIGBASIN.TXT data set, we changed the Standardized
Residual Outlier Rejection constant (found in the OPTIONS - NETWORK OPTIONS - OUTLIER
REJECTION CONSTANTS tabbed dialog) to 2.5. We did this to force the creation of some outliers.

After running the tool to identify and remove outliers, we brought up the BEST FREE SOLUTIONS view.
The results are shown below. As you can see, COLUMBUS removed one outlier observation at a time (in
the case of GPS, the entire baseline was removed if an individual component was found to be an outlier),
then resolved the network to find any additional outliers. The largest outlier was removed after each
adjustment until no additional outliers were found.

COLUMBUS - BIGBASIN. TXT [mEET
File Wiews Data Metwork Results  Tools  Options  window  Help

DEd@& B cat BanEHBENER| o B8 ARHwS[< >|] 240485 B8

Fimed In 23D
Float Coord Parms 4

Ho Check Observations
Stan Res Rejections

( Manual = 2.500 )
Dirsction Parms
Scale Parms
Rotation Parms N
Rotation Parms E
Rotation Parms Up
TOTAL PARMS 1

Resid~SD Rejections
Residual Rejections

TOTAL OUTLIER OBS

CARBON

N ooo oo

Iterations
Convergence Criteria 0.0010000 7
Zenith Angle Refraction  0.00000
Rotate Bearings Ho
DEGREES OF FREEDOH 52 Use Full Covariance Tes

mooocoo  @e

A-POSTERIORI VARIANCE (and STAN DEV) FACTOR (by cbserwation type)

Obs Type Count. Sum of Sgquared Redundancy A-Post A-Post
Weighted Residuals (D.F.) Varisnce StanDev
Hor ing E] 3.449 7.106 0.485 697
Zenith 11 3,201 7.980 0.401 633
Chord 8 1.683 0
GPS Obs 72 6.711 a.
TOTALS 100 15.044 i}
ADJUSTHMENT COMPLETE = 0 Seconds
Solution Humber 13
Total Processing Time 12 =ec= Aposteriori Yariance | Gbs Mum Removed | Obs Type AT Station
COMPLETE SOLUTION FOUND - ALL Outlierd) Ll 105,109,105 DROYDE cHanEY -
See Results | Best Free Solutions comfly 0.82295 112,113,114 DH,DY,DZ FORT LEWIS 14
To Save The Final Solution, Invoke thely 0 73390 4 Har 102 101
5 0.66732 61,62,63 DR,Dv,0Z 20 22
NOTE: Outlier cbservations have been o4 0.61415 a7 He 16 102
To restore them, enter the Network | 7 0.55544 48 ) 16 CHANEY
5 050089 97,98,99 O,D,bZ CARBON 27
k/ a 0.46261 39 o 16 102
10 0.41218 118,119,120 Dx,D¥,DZ FORT LEWIS 19
LA FLATA 0.36729 55,56,57 19
124,125, 12 LA FLATA
=] NA
For Help, press F1 |30 Geodetic view M 37-06-53.4 W 107-47-43.2 [ElipHat  |WGs 64 |Degrees [Meters

The highlighted row in the screen above represents the final combination, that when solved, resulted in no
outliers. The rows above it show the observations that were detected as outliers and then removed before
running the next adjustment.

After successfully removing all outlier observation, COLUMBUS allows you to immediately examine all the
applicable network adjustment results for the last solution (with all outliers removed).

You can than save the final network configuration with the NETWORK - SAVE NETWORK command or
you can proceed to do a constrained adjustment by closing the current adjustment, selecting additional
fixed stations and then invoking the NETWORK - ADJUSTMENT command. As long as you do not re-enter
the NETWORK - OBSERVATIONS dialog, change a selection, then select OK - the observations that have
been removed will NOT be included during a new adjustment.

To view the observations that were removed during the automated outlier detection process, enter the
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NETWORK - OBSERVATIONS dialog and scroll down to see which observations are now un-selected.
Selected and unselected observations.

COLUMBUS - BIGBASIN. TXT

File Wiew Data MNetwork Results Tools Options Window Help
D& & & = [Ee  HEERER|oB@sAHws|< S]] 240
* BIGBASIN.TXT

FORT LEWIS
Select Network Observations 3]
Obs Yalue Obs S | Obs Descriptic A | Ok
LCancel
Delta = 1865.78100 00303833 Help
Delta™r -2328.36600 00255617

Delta 2 -2767.71300 01.0205141

Select A
CHAHEY ASILAIE00  0.0805501
CHANEY 597832800 0.0813327 Eckcitoe
CHANEY 1031457100 00308839

FORT LE Delkax 2511.71200 00224633
FORT LE Delka'r -3202 24800 078157
-2969.44400 00224633

Fi a
FORT LE..

DeltaX -5294.00500 00278855
FORT LE Delta’¥ 1258.38900 0.0201395
< il | >

Disabled Observations Are Not Displayed In This List
LA PLATA

For Help, press F1 |30 Geodetic iew M 37-16-02.2  |W 107-55-58.2 [ElipHgt  |WGS 84 |Degrees [Meters

CHAMNEY
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Best Constrained Combinations

After performing a network adjustment using the ADJUSTMENT (FIXED - ALL CASES) option from the
NETWORK ADJUSTMENT chapter, the standard adjustment summary window is displayed. To bring up a
list of the top solutions (best 20,000 max) invoke the BEST CONSTRAINED COMBOS command from the
RESULTS menu.

How Solutions Are Ranked

As COLUMBUS processes each new combination, it keeps track of the top 20,000 (max) solutions for two
independent tests: the A Posterior Variance Factor test and the Residual Distribution Test. When
processing is complete, these solutions can be displayed and printed. You can then pick which of these
solutions to use as your final constrained adjustment. Or you might take a closer look at the top 10
solutions by solving them individually and looking at several other statistical indicators presented by
COLUMBUS after the traditional network adjustment process.

_gl|

File Wiew Data Metwork Resuts Tools Options Window Help

DFHE@ s o HEEEE |+ BERSARM[< > J .00 o @K

Field Observations & Priori Variance 1 000%
Coord Observations A4 Posteriori Variance B R2941

TOTAL OBSERVATIONS
i BIGBASIN. TXT: B

Ranking | Combo Num | Aposteriori Yariance | Residual istribution Test | <21.02 | 10 Fixed | 2D Fixed | 3D Fixed
: 1.13643 12,65 Pass
Fixzsd In 2D 1.13647 12,65 Pass
Fized In 3D 1.14629 3260 Fai
Float Coord Parms 1.14921 3268 Fal
1.14968 1425 Pass
Direction Parms 1.14972 14,25 Pass
[Scale Parms 1.19327 34,25 Fail
Rotation Parms N 1.19563 23,80 Fail
Rotation Parms E 1.20256 27,48 Fal Cancel
Rotation Parms Up 1.20876 23.91 Fal
TOTAL PARHS 3 1.21089 17.27 Pass Help
1.22609 18,04 Pass
1.22815 36,72 Fa
DEGREES OF FREEDOM a9 1.25736 2410 Fal
1.27033 20,74 Pass
1.29971 24,67 Fal Select Hone
1.30026 z4.41 Fal
Pass

Hum Stations
Fized In 1D

Select 4l

A-POSTERIORI VARIANCE (and

Obs Type Count Sun 133493 gt

Teigh L3a1e2 1527 Pae Selection Type

1.35058 16,73 Pass
1.35650 18,10 Pass i Lo Fiied
1.36534 14.97 Pass FORT LEWIS 2D Fired

1.35944 15,78 Pass i PLATA, 3D Fired

590.018 2.575

ADJUSTHENT COMPLETE = 0 Seconds
Solution FNumber 700 aof 700
Total Processing Time: 700 secs

A4ll Combinations Solved. See Results Menu For Best Combinations

For Help, press F1 |30 Geodetic view M 37-06-36.7 W 108-01-54.6 [ElipHat |WGs 64 |Degrees [Meters

CHAMNEY

The A Posteriori Variance Factor ranking is always performed. The closer the A Posteriori Variance
Factor is to 1.0, the better the ranking for a given solution. This test does not require a final inverse on
each solution, which results in faster processing times for larger networks.

The Residual Distribution Test is optional. It will give you a numeric indicator as to how evenly the
Standardized Residuals (for all observations) are distributed about their mean. Since this test requires
additional statistical information found within the final inverse for each solution, it will lengthen processing
times for large networks when enabled.

For each solution displayed in the screen above, the number of stations that were held fixed in 1D, 2D and
3D is shown. To determine exactly which stations were fixed in 1D, 2D or 3D for a solution, highlight that
solution in the view and select from the COMBINATION DETAILS command or click the Combination
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Details toolbar button. This will bring up a dialog showing all the station names in the network and
highlighting the ones which were the control stations for this solution.

For this example, we show the top-ranked solution. Station Carbon was fixed in 3D. Station Chaney and
station 103 were fixed in 1D. To quickly see what stations were fixed for the top 20,000 (max) solutions,
you can also go to the Print Preview option from the FILE menu and preview a complete report for all the
solutions.
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Tools

The TOOLS module offers additional computational options for inversing, traversing, coordinate
transformations, coordinate exporting and more. Within this module, data in the current project can be
accessed and manipulated in a variety of ways.

For most of the topics in this chapter, we use our BIGBASIN.TXT network described in the GETTING
STARTED chapter.

Most report contain multiple columns of data. You can sort the report by any column (toggling between
ascending and descending order) by simply clicking on a column header. To sort by the absolute value of a
numeric column, change the VIEW - SORT BY ABSOLUTE VALUE menu item to a checked state.

You can resize the width of any column by grabbing the applicable column separator with the mouse and
moving it left or right. Using this technique, you can hide the contents of a column by simply making that
column very narrow. This will enhance your ability to look at only the data in which you are interested.

For most tools, all project data (stations and observations) must be entered (or loaded) into COLUMBUS.
There are a variety of ways to get your data into COLUMBUS. Consult the FILE MANAGEMENT and
DATA chapters of this manual for more information.

To write the results from any tool to a report file, click on the REPORT button and COLUMBUS will prompt
you for the name of a report file. You can create a new report file or appended to an existing file.

Before continuing, please review the General Discussion section of Chapter 3 - Views.
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Coordinate Geometry

The Coordinate Geometry tools allow you to compute inverses and traverses between two or more
stations. A traverse can begin and end at different stations, or form a loop that closes upon itself. This
feature is very useful when looking for observation blunders.

If the main project graphical view is active, the inverse and traverse results are based on the station
coordinates for the project. If the network adjustment graphical view is active, the inverse and traverse
results are based on the current adjusted station coordinates.

COLUMBUS currently can performs six inverse types between stations:

Height Difference: Height inverse.

2D Mean Bearing: 2D mean bearing inverse.

2D Geodetic: 2D geodetic inverse on the ellipsoidal surface.

3D Local NEU: 3D local horizon plane north, east and up inverse.
3D ECEF XYZ: 3D ECEF (earth centered earth fixed) XYZ inverse.
3D Astro Geodetic: 3D astro geodetic inverse.

COLUMBUS supports nine traversing types between two or more stations:

1D Vertical: 1D vertical traverse.

2D Geodetic: 2D geodetic traverse at a fixed height using latitude and longitude.
3D Geodetic: 3D geodetic traverse using latitude, longitude and height.

2D State Plane: 2D State Plane traverse using NE at a fixed orthometric height.
3D State Plane: 3D State Plane traverse using NEE.

2D UTM: 2D UTM traverse using NE at a fixed orthometric height.

3D UTM: 3D UTM traverse using NEE.

2D Local Horizon NE: 2D Local Horizon Plane traverse using NE at a fixed orthometric height.
3D Local Horizon NEE: 3D Local Horizon Plane traverse using NEE.

When performing 3D geodetic inverses or 3D geodetic traverse computations, you can use either the
orthometric height field or the ellipsoidal height field to control the vertical. To compute 3D geodetic
inverses and 3D geodetic traverses based on orthometric height, enter the OPTIONS - GLOBAL
SETTINGS dialog and set the 3D Geodetic Height to Orthometric Height. To use Ellipsoidal height within
your computations, set this option to Ellipsoidal Height.

3D State Plane, 3D UTM, and 3D Local Horizon Plane traverses are based on the orthometric height
(elevation) value entered for the known starting station.

1D vertical results in this chapter were computed from the station and observation data contained in the
VERTICAL.TXT sample file shipped with COLUMBUS. To duplicate our results, open this file and set the
OPTIONS - UNITS option to meters.

Most other results in this chapter were computed from the station and observation data contained in the
BIGBASIN.TXT file. To duplicate our results, open this file and set the OPTIONS - GLOBAL SETTINGS -
3D Geodetic Height option to Ellipsoidal Height. Set the OPTIONS - UNITS - Linear Units to Meters.

For 2D/3D State Plane, 2D/3D UTM and 2D/3D Plane traverses, the demo files STATEPLANE_TRAV.TXT,
UTM_TRAV.TXT and NEE_TRAV.TXT were used (respectively).
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Computing an Inverse Between Stations

To compute an inverse between two or more stations, you must first define the inverse route. Using the
right mouse button, click on the desired stations in succession. As each new station is selected, a line will
be drawn from the previous selected station to the current selected station. If no lines are visible, check the
COGO color setting in the OPTIONS - COLORS dialog. As each station is selected, the station symbol
color should change as well.

OLUMBUS - BIGBASIN.TXT !I E‘

File Wiew Data Metwork Resuts Tools Options Window Help

DEFH@& 2z BanHHEE Bl BE8SAHum < >|] 400858
= BIGBASIN. TXT

The list on the left contains the names of all applicable stations for the route context [1d. 2d. 3d taverse. aiea
calos or design layout] The right side list is the current selected route. Insert or delete stations in the right list

Station Route Se;uence

Available Stalions ~

Insert Before >>
Irisert After >»

Femove <<
Remove All <<

13
FORT LEWIS
14

12
CARBOM

FORT LEWIS
L& PLATA

< |

E isting Routes | Activate Foute
Add Route

Update Route

Delete Route

[

|~

Route Name: |

oK Help

Cancel

@ CHANEY

|30 Geodetic wiew M 37-15-56.2 W 108-07-06.7 [Ortho Hat [wis 64 [Degress [Meters

For Help, press F1

You can also define the inverse route using the VIEW - SETUP COGO/DESIGN ROUTE dialog. See the
Views chapter for more information on using this method of route creation and route editing.

After selecting a route, enter the TOOLS - COGO submenu and choose from any of the enabled inverse
menu commands to compute the results. The menu options available are dependent on the active view.
For example, you cannot perform a 3D Astro Geodetic Inverse if the 1D Vertical view is active.

Each of the inverse options can also be accessed using the applicable toolbar button.

The next several sections describe the results for each inverse option.
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Height Difference Inverse
The Height Difference Inverse can be computed when either the 1D Vertical or 3D Geodetic view is active.

For the 1D Vertical view, the Height type station data is used. This station type is commonly used when
constructing 1D vertical (levelling) networks.

For the 3D Geodetic view, the geodetic height component (i.e., orthometric or ellipsoidal height) is used.
The height component used for each station (orthometric or ellipsoidal) is dependent on the OPTIONS -
GLOBAL SETTINGS - 3D Geodetic Height setting.

__ COLUMBUS - VERTICAL. TXT
File Wiew Data Metwork Resuts Tools Options Window Help

DNFH& T xQ?HaamH MR EloBE@SAHu < >|] 4008588
* VERTICAL.TXT

Height Inverse (Vertical Used: Ortho Hgt)

AtStation | ToStation | Oitho Hgt Diff |
EBOB GABE -0.44850

Fepart | Cose | Hel |

For Help, press F1 1D Wertical View |Ortho Hat NAD 83 |Degrees [Meters

This dialog box above shows the results for a height difference inverse between station BOB and station
GABE. The linear results are in meters. The height difference is shown as an ellipsoidal height difference
due to the 3D Geodetic Height setting within the OPTIONS - GLOBAL SETTINGS dialog.

The height difference is displayed in the order in which the route was defined.
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2D Mean Bearing Inverse

The 2D Mean Bearing Inverse can be computed when either the 2D Geodetic or 3D Geodetic view is
active.

File Wiew Data Metwork Resuts Tools Options ‘Window Help

Ded& cxa? FanbdHdEER|lo B@8sARus|[< > 240880

2D Geodetic Mean Bearing Inverse (Vertical Used: Ellip Hgt)

AtGtation | ToStation | Fusd Beating | Bwd Bearing | Mean Bearing | _Mean Horiz Dist |
FORT LEWIS ~ CAREON SE 74-24-53.946  Nw 74-20-03.645  SE 74-22-34736 1227874435
CARBON 20 SW 734403288  NE 73-37-45.523 5w 734054405 1605382148
20 FORTLEWIS  NE 24-3407.984 5w 243535719  NE 24-34-51.852 6596 63623

Feport | Close | Help

WN Ev

For Help, press F1 |30 Geodetic iew M 37-15-53.5 W 107-57-25.2 [ElipHgt  [WGSs 84 |Degrees [Meters

LA PLATA

This inverse is similar to the 3D Local NEU inverse in its basic concept (see the diagram for 3D Local NEU
inverse). However, the Up component is dropped, leaving the Local North and East (forward and
backward) to compute the mean bearing and mean horizontal distance.

Nl (local fwd north? + local fwd east?) = forward horizontal distance

J (local bwd north* + local bwd east?*) = backward horizontal distance

The mean of the above is the mean horizontal distance.

As paired stations occur further apart or as the elevation difference increase, so too will the difference
between the forward and backward horizontal distance. Each is based on a different tangent plane
orientation. Both tangent planes are perpendicular to the ellipsoidal normal, which closely approximates
the direction of gravity. The forward horizontal distance is computed using the height at the AT station. The
backward horizontal distance is computed using the height at the TO station.

The distance is presented in the active linear units. The mean bearing is based on the average of the
forward and backward bearings between the two stations.

In this example, the ellipsoidal height was used for the vertical portion of the computation for each geodetic
station. To use orthometric height, select Orthometric Height in the OPTIONS - GLOBAL SETTINGS - 3D
Geodetic Height selection. The results are displayed in the order the route was defined.

Copyright 1998-2009 Best-Fit Computing, Inc. 7-7



If the View mode is set to 2D geodetic, the 2D Height (average height) set up in the OPTIONS - GLOBAL
SETTINGS dialog will be used for each station.

The results shown above show the mean bearing inverse between stations FORT LEWIS, CARBON, 20
then back to FORT LEWIS.
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2D Geodetic Inverse

The 2D Geodetic Inverse can be computed when either the 2D Geodetic or 3D Geodetic view is active.
The geodetic inverse is computed as if the stations were located directly on the ellipsoid surface, at an
ellipsoidal height of zero. The data used at each station are latitude and longitude.

_ COLUMBUS - BIGBASIN.TXT =3 E3
File view Data MNetwork Results Tools Options Window Help

D &2 s P EFonDEHERR|lo RS AW S| 440488

 BIGBASIN.TXT

-

2D Geodetic Inverse {Vertical Used: Ellipsoid)

AlStstion | ToStation | FwdAzimuth | Bved Sziruth | Geodesic | Geo chord [
CARBON FORT LEWIS 2953960058 105-3453.968 1227413684 1227413475

FORT LEWIS 13 261-34-36.185 B81-32-22 987 5480 84089 5480 84073
19 22 193-59-30.211 136753175 16395 36667 16395 36213
22 L& PLATA 199-54-39.938 19-53-28.128 8643.65041 0643, 64974
L& PLATA CHANEY 96-39-24.376  276-46-26.532 1744568530 1744567987

CHANEY CARBON 16-13-22.089 196-16-10.074 2455694445 2455632920

Repot | Cioss | Help

For Help, press F1 |30 Geodetic iew M 37-16-03.6 W 107-55-31.0 [ElipHgt |WGSs 84 |Degrees [Meters

The results above show the geodetic inverse between stations CARBON, FORT LEWIS, 19, 22, LA
PLATA, CHANEY, then back to CARBON.

The figure below depicts the 2D geodetic inverse. The 2D geodetic inverse results in a chord distance and
a geodesic distance. Because the computations are based at an ellipsoidal height of zero, the chord
distance actually cuts through the ellipsoidal surface. The geodesic distance is the shortest distance
between the two stations as measured along the curved ellipsoidal surface.

The geodesic distance can be computed to within 0.001 meters for stations up to 20,000 km apart. The
geodetic chord distance accuracy is only limited by the accuracy of the AT and TO station coordinates. It is
simply a vector in space.
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3D Local NEU Inverse

The 3D Geodetic Local Horizon NEU (North, East, Up) Inverse can be computed when the 3D Geodetic
view is active. This inverse is based on a tangent plane surface, which forms a Local Horizon NEU (North,
East and Up) mathematical system. The tangent plane is perpendicular to the ellipsoidal normal and
closely approximates the direction of gravity. The figure at the end of this section depicts this inverse type.

Below are the results for an inverse between stations CARBON, FORT LEWIS, 15, 101, 27, then back to
CARBON.

=E

File Wiew Data Metwork Resuts Tools Options ‘Window Help

Ded& cxa? FanbdHdEER|lo B@8sARus|[< > 240880

3D Geodetic Local NEU Inverse (Vertical Used: Ellip Hgt)

AtStation | ToStaton | DelaNanh | Dela East | Dielta Up |

FORT LEWIS 331521761 1182278284 43.21812
FORT LEWIS 1 -13471.34389 382.26424 -139.26345
15 101 132679488 1161266685 E97.17729
1m 27 830014415 234070156 -1009.26210
27 CARBON 319836179 249007233 364.22068

22
Ui PLATA Repat | Close | Help
\%HANEY
For Help, press F1 |30 Geodetic iew M 37-15-56.3 W 107-53-44.1 [ElipHgt |WGSs 84 |Degrees [Meters

The chord distance between two stations is equal to:

J(fwd delta north? + fwd delta east® + fwd delta up®)

If you were to compute the inverse in the reverse order you would notice that the magnitude of the forward
and backward vectors (dN, dE, dUP) are the same; however, the orientation of these vectors is different.
This is due to the ellipsoidal nature of the Earth's surface. Within a limited distance, the orientation will be
similar, as would occur on a flat surface. As your stations are moved farther apart, the orientation changes
markedly.

The data used at each station includes latitude, longitude and height (orthometric or ellipsoidal). All vector
components are presented in the active linear units.

In this example, the ellipsoidal height was used as the vertical portion of the computation. To use
orthometric height, enable the Orthometric Height option by changing the 3D Geodetic Height setting in the
OPTIONS - GLOBAL SETTINGS dialog. The results are displayed in the order in which the route was
defined.
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3D ECEF XYZ Inverse

The 3D ECEF Inverse can be computed when the 3D Geodetic view is active. This inverse (Earth
Centered Earth Fixed delta X, Y and Z vector) is analogous to a baseline measured using differential GPS
positioning. Since these are vectors in 3D space, the magnitude of each vector component between the AT
and TO station is the same in either direction. Only the sign () will differ if the AT and TO stations are
reversed. The data used at each station includes latitude, longitude and height. All vector components are
presented in the active linear units.

Below are the results for an inverse between stations CARBON, FORT LEWIS, 14, 21, 12, then back to
CARBON.

_ COLUMBUS - BIGBASIN.TXT =3 E3|
File view Data MNetwork Results Tools Options Window Help

NFH& I xQ?HaaHHMRE E|lo BE@S A < >|] 440588
* BIGBASIN. TXT

AtStaion | ToStation | Delta | Delta | Delta Z |
FORT LEWIS  -10845.1219 5608 E0300 2665.69043
FORT LEWIS 1 351103244 320241466 295937358
14 21 -2166.75431 247823518 347403883
21 1z 5320.05207 1060.54014 3027.73491
12 CARBON 337286250 -668.49230 743.98693

Repat | Clse | Help

LA PLATA

NC/HANEY

For Help, press F1 |30 Geodetic iew M 37-16-02.0 W 107-52-57.0 [ElipHgt |WGs 84 |Degrees [Meters

In this example, the ellipsoidal height was used as the vertical portion of the computation. To use
orthometric height, enable the Orthometric Height option by changing the 3D Geodetic Height setting in the
OPTIONS - GLOBAL SETTINGS dialog. The results are displayed in the order in which the route was
defined.
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3D Astro Geodetic Inverse

The 3D Astro Geodetic Inverse can be computed when the 3D Geodetic view is active. This inverse
computes results as they would be observed in the field (mark to mark) on the geoid (Earth’s surface),
provided the deflections of the vertical are known at each station. In other words, the geodetic inverse
observations are computed then corrected to Astronomic observations. The data used at each station
includes latitude, longitude, height and the deflections of the vertical (if available).

Below are the results for an inverse between stations LA PLATA, CHANEY, CARBON, FORT LEWIS, 20,
22, then back to LA PLATA.

- [=]x]

File Wiew Data Metwork Resuts Tools Options ‘Window Help

Ded& cxa? FanbdHdEER|lo B@8sARus|[< > 240880

3D Astro Geodetic Inverse (Vertical Used: Ellip Hat)

AtStation | ToStaion | FwdAgmuth|  FwdZenih | Chord | BwdAzimuth | Bwd Zenith |
L& FLATA CHANEY 963924410  BIZ738.238 1745223344 2764526675 904145543
CHANEY CARBON 161322192 833154373 2456667267 1951612321 904117.4687
FORTLEwWIS 2053952808  O94800.767 1227887331 1053500.054 9041842568
FORTLEwIS 20 2043535719 9112.26.766 659042703 24-34-07.984  865211.781
20 22 2131042119 911510081 1063585302 330749.842 895034295
1935439852 50-33.22965 854684557 135328038 832515283

22 LA PLATA

& CHANEY

For Help, press F1 |30 Geodetic iew M 37-15-12.6 W 107-48-52.6 [ElipHgt |WGS 84 |Degrees [Meters

The Astro Geodetic inverse is based upon a three-dimensional geometry. The figure shown at the end of
this section depicts Astro Geodetic measurements. The forward azimuth and zenith angles are computed
in relation to a plane tangent to the Earth's surface at the AT station. Likewise, backward azimuth and
zenith angles are computed in relation to a plane tangent to the Earth's surface at the TO station. The
chord represents the straight-line distance between the two stations. This is analogous to a slope distance
measurement between the stations at monument level (mark-to-mark). Notice that a chord distance is
measured in 3D space. It is not influenced by deflections of the vertical or geoidal height separations (i.e.,
the difference between orthometric height and ellipsoidal height).

COLUMBUS allows you to enter deflections of the vertical for geodetic stations in the DATA -STATIONS -
GEODETIC grid. This value is the angular difference (in seconds of latitude and longitude) between a
normal (perpendicular) vector to the ellipsoid and a normal (perpendicular) vector to the geoid (the
direction of gravity). Traditional surveying instruments measure angles in reference to the local
gravitational field (perpendicular to the geoid). The value of the deflection varies with your location on the
Earth's surface.

Copyright 1998-2009 Best-Fit Computing, Inc. 7-15



If deflection angles are entered as zero, the computations are performed as though the normal to the
ellipsoid and the local gravitational field (perpendicular to the geoid) are the same. In other words, no
correction is applied and the Geodetic results are equivalent to Astronomic results. In general, the zenith
angle receives the greatest correction when deflections of the vertical are known.

In this example, the ellipsoidal height was used as the vertical portion of the computation. To use
orthometric height, enable the Orthometric Height option by changing the 3D Geodetic Height setting in the
OPTIONS - GLOBAL SETTINGS dialog. The results are displayed in the order in which the route was
defined.

7-16 Copyright 1998-2009 Best-Fit Computing, Inc.



-
g juiod e jse3q

plosdi||3 0} SjewIoN

uonoali[ [euone)ARIS)
g 1e uonoajaQ .

.

. .

’ .

’ 7

.
.
.
’

V le uonosyeq plosH

| ‘
0y
.

.

piosdi||3

wbieH ploss

ooelNg yues

Y N
V JUlod Je }1Sep\

g 1UI0d Je YLON

V JUI0d JE YHON

V 1UI0d 1B 1JUSWINJISU| YIIM 8SJaARI] 108lI(] PUB 8SJ8AU| 218P0S95)-041SY

7-17

Copyright 1998-2009 Best-Fit Computing, Inc.



Computing A Traverse Or Loop Closure

The traverse tools allow you to compute an on-the-fly open or closed (loop) traverse using station and
observation data from the current project. By selecting the route (ordering of the stations for the traverse),
you can quickly compute the position of all stations along the traverse.

The traverse methods available in COLUMBUS include 1D, 2D and 3D variations: For 3D traverses, you
must provide instrument and target heights to compute accurate forward positions (unless of
course your observations are already mark to mark).

1D Vertical traverses are commonly performed from differential levelling observations.

2D Geodetic, 2D State Plane, 2D UTM and 2D Local Horizon Plane traverses are computed at an average
project height.

3D Geodetic, 3D State Plane, 3D UTM and 3D Local Horizon Plane traverses are used when you intend to
compute forward ellipsoidal or orthometric heights at each station.

COLUMBUS allows you to use any number of redundant observations when computing forward positions.
After selecting your route, then invoking one of the traverse options, COLUMBUS will present you with a
list containing all the applicable observations for the traverse. You can de-select individual observations or
simply use all of them in the traverse computation. When redundant observations are used, COLUMBUS
uses the same least squares weighting strategy used in network adjustments to weight each observation.

Suppose you created a route that starts at station A, then goes to station B, and ends at station C (open
traverse). You then compute the 3D geodetic traverse to determine the positions of station B and C (where
station A is your known station). If you then performed a network adjustment using these three stations,
holding station A fixed in 3D, you would get the same results as those from the traverse computation. In
this scenario, your network is minimally constrained and open ended, resulting in the same coordinates
(assuming you use exactly the same observations).

To compute a traverse containing multiple stations, you first define the traverse route. You can either define
the route by successive right mouse clicks on the desired stations or you can use the route creation and
editing tool found in the VIEW - SETUP COGO/DESIGN ROUTE dialog.

When using the mouse, as each station is selected, a line will be drawn from the previous selected station
to the current selected station. If no lines are visible, check the COGO color setting in the OPTIONS -
COLORS dialog. As each station is selected, the station symbol color will also change.

Example:

For the example that follows, we computed a 3D Geodetic Traverse starting at station A (backsight to
station F), and continuing through station B, C, D, E, then back to station F. There are measured
observations between all station pairs. Between some station pairs, there are more observations than
necessary to compute the forward position (there is redundancy). Here is what you would do to compute
this traverse:

1. Prepare a data file (or add the station and observation data using the Data Management Grids)
similar to the demo file GEO_TRAV.TXT (or simply use this project file as given). Load the project
into COLUMBUS and change the view to 3D Geodetic. Also study demo files NEE_TRAV.TXT,
STATEPLANE_TRAV.TXT or UTM_TRAV.TXT to compute a Local NEE, State Plane, or UTM
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traverse respectively.
2. Define the route by first right clicking on station F followed by station A, B, C, D, E, then F again.

3. Invoke the TOOLS - COGO - 3D GEODETIC TRAVERSE command or the toolbar button (with tip
entitted Compute 1D, 2D, or 3D Traverse).

If the traverse has a valid starting horizontal angle or starting direction set pointing into (or back at)
the first station, you would be prompted with a dialog asking you if the first station selected should
be treated as a backsight only. The dialog explains the rest.

For this hypothetical example, a valid starting horizontal angle is one that either backsights
or foresights station F. The other end of the angle must point to station B. The angle is
measured from station A.

A valid starting direction set (or partial set) is one that is measured at station A and points
to station F. There must also be a second direction that is measured at station A and points
to station B. Furthermore, both directions must have the same direction set number.

_/COLUMBUS - GEO_TRAV.TXT - (= [%]

File View Dats Mebwork Resuks Tools Options Window Help

T H@ 2ea?Fe K EEEE | o ESAHms< 5] 400 8K

©  GEO_TRAV.TXT M=
Select Traverse Observations X
Ok I
Cancel

Help

Select &l
Select Mane

<

3

Disabled Observations Are Not Displayed In This List

For Help, press F1 |30 Geodstic View [N 45-0023.5  |W 116-00-30.1 [ElipHgt |MAD 83 |Degress |Meters

4. You are then presented with a list of all applicable observations for the entire traverse. Select or
deselect any observations you want/don't want, then press Ok to begin the traverse computation.
Since some station pairs have redundant observations between them, a weighted average of
these observations will be used for these legs of the traverse. The weight applied is identical to
that used in a 3D Geodetic Network Adjustment. The estimated errors of these observations
(standard deviations) will be used to weight these legs.

The initial station F and final station F are the same point on the ground. For the purposes of using
unique names for every leg of the traverse, the second reference to station F (i.e., the end of the
traverse) will be called "F (001)". This is only a temporary work station that is destroyed when
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exiting the results dialog.

5. The traverse results are then displayed in the results dialog. For this example, station "F (001)"
would appear last, since it is the last station in the traverse.

6. To keep the newly computed positions, invoke the Keep button. The station names appear in a list
ordered by the route of the traverse. If you choose to keep the coordinate for station "F (001)", it
will actually be kept into station F as expected. The main graphical view is immediately updated to
reflect any new coordinates Kept to memory.
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1D Vertical Traverse

The 1D VERTICAL TRAVERSE tool facilitates the computation of a vertical traverse. Valid observations
include height difference and local delta Up observation types. This option is available when the 1D
Vertical view is active. For the 1D Vertical view, Height type station data are used.

M

File Wiew Data Metwork Resuts Tools Options ‘Window Help

Ded& cxa? FaandHdEE R|lo B8 ARus|< > 2480k

 VERTICAL.TXT M =3

Height Traverse
A Stal | To Stat | ObsSetType | CunentHgt| ComputedHgt|  Closue |
GABE F