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Typography

We will be using the following typography to distinguish items in the text:

[Enter] Brackets indicate keys on the keyboard.

flexibility Italics are used to highlight words for more emphasis.

"Lot 2" Numbers or text that you enter or will see on the screen.

System Requirements
This version of TPC Desktop requires Windows 11/10/8.1/8 or later. We recommend you
have 2 GB of RAM 32-bit OS) 4 GB RAM (64-bit OS) and 200 MB of free hard disk space in
which to install the program. An internet connection is required for program validation.
Important Licensing Information

Our License Agreement allows you to use TPC on only one computer at a time unless you
purchase additional licenses.
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Using the Learning Guide

Using the Geodetic Learning Guide

Welcome to this TPC Desktop Learning Guide. It's designed to help you learn how to do
everyday tasks with Traverse PC Desktop.

The Learning Guide is divided into chapters highlighting function areas within the program like
Importing Data from a Data Collector and Using ASCII Files. Within each chapter you'll find step-
by-step instructions on how to do the most common tasks like adding a line to a legend or adding
angled text to a drawing. We've also included useful hints to help you work more efficiently in
TPC and references to the on-line Help so you can continue to learn after you have used the
Learning Guide.

All of the topics in this Learning Guide are available in the Professional Edition of Traverse PC
Desktop. The ones that are limited to specific Editions are clearly labeled, usually at the start of
the chapter. Some specific functions are limited to specific Editions and are clearly labeled as
such when the function is discussed in the text.

» This chapter demonstrates

Each chapter starts with a list of the things demonstrated in the chapter. This list corresponds
with the individual tasks in the chapter.

» Available in some Edition

Each chapter has an indication like this at the start if it applies to Editions other than the Premium
or Professional Edition.

»We provide the starting file

Most chapters start by having you open one of the tutorial files provided with the Learning Guide.
Just open the file and jump right in.

» One page per task

Most of the tasks fit on a single page. Review all the tasks in a chapter first, and then work
through the tasks that are of interest to you. When you add up all the tasks in all the chapters
there are literally hundreds of lessons in the Learning Guide.

» Follow the steps
Most tasks include steps for you to follow. Each task starts with step 1.

» Menu commands only

For the most part, the Learning Guide will include something like, choose File | Save. The bold
typeface indicates text you’ll see on the screen. In this case, you would left-click the File menu to
open it, then left-click the Save command to execute it. “Choose” means to left-click on a specific
item.
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Using the Learning Guide

As you become familiar with Traverse PC Desktop you can also use the short-cut keys and tool
bars.

»Windows Styles

Depending on your version of Windows and what visual styles you have selected, your dialogs

and screens may look different than what is shown in this Learning Guide. We include styles
common in Windows 10, 8.1, 8 in this learning guide.

Windows 8 / Windows 10 Style

Rotate (True Bearing, Geo Dist, Feet) = =
‘s
[ Pratected Paints
Ratation Paint v >
From | MO°O0'00VE + Enter the Degrees of

ratation or the From

To |NO®OO0O0"E 5| and Ta directions and Compute
the Degrees will be

Degrees | 0°00°00" computed for you.
Close
Windows 11 Style
Rotate (Grid Bearing, Grid Dist, Feet) ? X
What &
Ratation Point (PR [ Protected Points

B Drawings
From MO'0000"E 5
. Enter the Degrees of rotation or the
To NO°ODODO'E 5 From and To directions and the
— Degrees will be computed for you.

Degrees 0'00'00"

Compute | Close
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Introducing Geodetics

Introducing Geodetics

» This chapter demonstrates:

» Using the CRS (Coordinate Reference System) in TPC
» Entering grid data

» Entering geodetic data

» Computing geodetic positions

Overview

In this chapter we’ll look at a survey in the east half of a Lambert State Plane projection. We'll talk
about grid positions, geodetic positions, and State Plane projections to relate the two. The
drawings in the sample survey will help clarify the terminology TPC uses.

In this learning guide, we will sometimes refer to a grid position as a grid coordinate or
rectangular coordinate. We will also talk about a Cartesian grid or State Plane grid when referring
to X,Y coordinates. These conventions all emphasize the X,Y coordinate as being fundamentally
different from a geodetic position having a latitude and longitude.

&To learn more about this topic
See Geodetic Surveys

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetics.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.
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Introducing Geodetics

How TPC Uses the State Plane Grid
Let's start by looking at a drawing.

1. From the Drawings Manager, choose State Plane Lambert Grid.

In this drawing, we are working east of the central meridian on a Lambert State Plane projection.
TPC uses a Coordinate Reference System (CRS) to relate geodetic positions (latitude and
longitude) with grid coordinates (northing and easting). In this survey, we selected the North
Washington State Plane projection as our survey’s CRS.

Drawing View - State Plane Lambert Grid 11.0" x8.5 (Traverse PC PDF) =N R <
Edit View Tools COGO Draw Insert | =B 3 100 FIAN (z B+ B2 U+ @& [ T, T=, = 5@, o
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» Convergence and Scale Factor

The Arc of Latitude shown on the drawing represents a True East-West geodetic line. It differs
from the Line of Sight in that it has constant latitude.

The Line of Sight line shown on the drawing represents a straight or grid line. It differs from the
Arc of Latitude in that it has constant grid northing.

The directions of the two lines at any point on the State Plane grid are related by the convergence
angle, sometimes called the theta or mapping angle.

Distances along the two lines are related by the grid factor, sometimes called the scale factor.
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Introducing Geodetics

Entering Grid Data

Let's take a look at the straight line (grid line) by itself.

1. From the Drawings Manager, choose Grid E-W Line. You should see the following drawing.

POINT Y
420118.000
420118.000
420118.000
420118.000
420118.000
420118.000

Wl =

N BT 25'47" W 5280.68'

LATITUDE
48°05'49°N
48°08'51°N
48°05'54°N
48°05'56°N
48°05'58°N
48°06'01°N

M BT 24'50" W 5280.68"

This example is in Eastern Washington
where convergence is positive.

LONGITUDE CONVERGE GRID FACTOR

1M717'03"W
17 1820"W
17 193a™w
117°20'56"W
117°22'14"W
172331

M 872352 W 5280 68"

2°38'33"
2°37°a5"
273637
2°35'39°
2734427
2733447

0.999942320
0.999942316
0.999942312
0.999942308
0.999942305
0.999942301

M &7°22'54" W 5280 68"

0 2904’

N B7°21'56" W 5280 68"

“r

Geo Dist (at project elevation 1500.00 PLSS)

On a State Plane grid, a Westerly line of constant grid
bearing draws straight (the latitude changes)

True Bearing (mean course convergence PLSS)

Grid lines appear as straight lines when drafted.

Look at the Point table and notice that the Y (northing) value is constant while the LATITUDE,
CONVERGENCE and GRID FACTOR change as the line moves from east to west.

Notations near the bottom of the drawing indicate that annotations in the drawing are grid

distance and direction.
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Introducing Geodetics

2. In the Traverses Manager, double click the E-W Grid Bearing traverse.

=" Traverse View - E-W Grid Bearing E@
This traverse was ¢ EdR View Tools COGO 1D+ REMBT O oSN L
T Point Type | Grid Bearing Grid Dist Northing Easting Elevation Latitude Longitude Converge

enerated by enterin
g y, g i 120118.000 [2507410.000 [0.00  [48°0548.881°N [117°1702.704"W [2°38'33"
a due west g”d 2 $90°0000"W 80.00  P20118.000 2502130.000 0.00 48°05'61.276"N  117°1920.409°W 23735
bearing and 80 chains 3 SY0°CO00'W 80.00  [20118.000 2496850.000 0.00 4B°0553 657°N  117°1938.16"W  2°3637"

id dist f h 4 SO0°0000"W 80.00  P20118.000 2491570.000 0.00 45°05'56.023°N  117°20'65 824" W 2°35'39"
grid distance for eac 5 S90°0000"W 80.00  [20118.000 2486290.000 0.00 4B°0558.374"N  117°2213.535"W  2°3442"
point. 6 SO0°0000"W 80.00  20118.000 2481010.000 0.00 45°0600.710°N  117°2331 248" W  2°3344"
3. Choose View | Fs-1

Format View to

display the Traverse View Format
dialog. Then left-click the
Advanced tab.

Notice we've told TPC that we are
entering a grid distances and
bearings. Given this information, all
Direct and Inverse computations will
be on the grid.

The Units just tells TPC that distances
are in chains, even though the survey
is in feet.

» Note

F

Format Decimals Advanced

[C) Display Slope Distance Stations
B Compute Latitude/Longitude
|_J Check Curve Segments

Units |Chains Factor=66.00000000 v
Feet-Meters | Intemational Survey Foot
Distance |Grid Dist (grid or local Catesian coordinates)

Direction |Grid Bearing (grid or local Cartesian coordinates) v

» If you thought switching between grid and geodetic computations was going to be hard, think
again. In TPC, you just select the distance and direction types you want to use. That's how

easy geodetics are to use in TPC.

» You make the same selections in COGO and drawings so you always know what kind of data

you are working with.
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Introducing Geodetics

Entering Geodetic Data
Let's take a look at a line of constant latitude.

1. From the Drawings Manager, choose Constant Latitude Line. You should see the following
drawing.

This example is in Eastern Washington
where convergence is positive.

POINT Y LATITUDE LONGITUDE CONVERGE GRID FACTOR

101 420118126 48°0549°N 117°17'03"W 2°38'33" 0999942320 0 2808
102 419875.682 48°05'49°N 117°18'20"W 2737357 0.999942320
103 419634730 48°0549°N 117°19'38"W 2°36'37°  0.999942320
104 419395240  48°0549°N 117°20'56"W 2°35'39"  0.999942320
105 419157.221 48°05'49°N 117°22'14"W 2734427 0.999942320
106 418920678  48°0549°N 117°23'31"W 23344 0.999942320
samEA" W 5% 2156"W o
a70450" W se7 s W, o SETSMW g ot A
S 8772547 W AP S8TaAsy W A — 57473 AN 5274.60
PP Ll LW So7AET 5274.77
AP 5774.04 5274.8

On a State Plane grid, a Westerly line of constant latitude
drifts south (the bearing changes)

Grid Dist (inverse grid coordinates)

Grid Bearing (inverse grid coordinates)

This drawing shows the E-W Constant Latitude traverse, in which we entered the same Latitude
for each point. This line of constant latitude is actually drawn as an arc with a very large radius.
Because of our position on the State Plane grid, this line drifts south as we move west. The
bearing labels reflect this drift.

Finally, look at the point table and notice that the LATITUDE and GRID FACTOR values remains
constant while the others change as the line moves from east to west.
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Introducing Geodetics

Entering Geodetic Distance and Direction
Let's take a look now at a line generated from geodetic distance and direction.

1. From the Drawings Manager, choose True E-W Line. You should see the following drawing:

This example is in Eastern Washington
where convergence is positive.
POINT Y LATITUDE LONGITUDE CONVERGE GRID FACTOR
201 420117.984 48"05'49"N M717'03"W 2°38'33" 0.999942320
202 419875.330 48°05'49"N 1718 20"W 2°37'35"  0.999942320
203 419634153 48°05'49"N M7 193a"wW 2°36'a7" 0.999942320
204 419394 459 48°05'49"N 117°20'56"W 2°35'39" 0.999942320
205 419156.244  4B°05MO'N  117°2214"W 2°34'41"  0.999942320
206 418819.511 48°05'48"N 117°23'32"W 2°33'43"  0.999942320
I 5279.96' o
- 280.03 o = —0f
, 5279.96 o - 0 NS0 0000 W
. 5280.03 o> - —OF N G0"0000" W
; 5279.96 o 07 N 00000 W
o ST 000 W —0® M G0°00°00" W

On a State Plane grid, a TRUE West line

drifts south (the bearing changes)

Geo Dist (at project elevation 1500.00 PLSS)

True Bearing (mean course convergence PLSS) 0 2901"

Notice the information circled in the drawing above. The line is the same as the constant latitude
line we looked at before, but the drawing settings have been changed to plot geodetic distance
and direction as opposed to grid distance and direction.

In this example, we've selected the PLSS options (geodetic distance at the project elevation and
true bearing based on mean course convergence).

Geodetic Learning Guide 11
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Introducing Geodetics

2. In the Traverses Manager, double click the E-W True Bearing traverse.

[E=1 N X3

=" Traverse View - E-W True Bearing

. @ T, 7, PR =N
This traverse was generated by | " Vo T o0 (EFl @D R B 8T 7 208 @0
entering a due west geodetic Point Type True Bearing Geo Dist Elevation ' Lat\tl:llde Longit"ude Con'\rer:::}e
bearing (True Bearing) and 80 201 1500.00  48°0548 881°N 171702704 W 2°3833

rng (1rue Bearing 202 N300000"W 8000 500000 48°0548 881N 171820 480W 2°3735"
chains geodetic distance (Geo 203 S90°00°00"W an 00 1500 00 48 0548 881°N 11?“193825?W 2 3637

T N s 5000 00w

205 MN30°0000"W 80 00 1500 00 48 0548 881"N 11?“2213 810 "W 2 3441
206 S90°00°00"W  80.00 1500.00  48°05'48.881"N  117°23°31.586"W 2°3343"

Dist) for each point.

» Note

Position the cursor over any
bearing or distance and look at the status bar. In this example we’ve highlighted the bearing, and
TPC displays Mean course convergence in the status bar, indicating the details of the bearing type.

OP=203 F5=204 Mean course convergence

3. Choose View | Format View to
display the Traverse View Format

. . i Ad ed
dialog. Then left-click the Advanced =~ "™ Deemas fvene
tab. |_| Display Slope Distance Stations

@ Compute Latitude /Longitude
[] Check Curve Segments

Units |Chains Factor=66.00000000 v

Notice that this traverse uses geodetic
distance and bearings, forcing all
computations to be on the ellipsoid.

The Units tells TPC we are entering
chains even thought the survey is in
feet.

» Note

Here is a peek at the distance options. In
addition to the grid option, there are four
ground and three geodetic options.

12 Geodetic Learning Guide

Feet-Meters |U.S. Survey Foot ~
Distance |Geo Dist (at project elevation 1500.00 PLSS)

Direction | True Bearing (mean course convergence PLSS) -

Traverse View Format - E-W True Bearing

Format Decimals Advanced

(] Display Slope Distance Stations
B Compute Lattude/Longitude
(") Check Curve Segments

Units |Chains Factor=66.00000000 v
Feet-Meters | 1J.S. Survey Foot v

Distance v
Directi Grid Dist (grid or local Cartesian coordinates)
rection Ground Dist (Factor 1.000000000) enter value
Ground Dist (Combined factor 1.000000000)
Ground Dist (at project elevation 1500.00)
| Ground Dist (Mean course elevation)
| Geo Dist (Elipsoid Surface

project elevation 1500.00 PLSS)
Geo Dist (Mean course elevation)




Introducing Geodetics

Geodetic Computations

This is a good time to talk about geodetic computations. You can find this information in the
Geodetic help topics inside the program.

» CRS Conversions

TPC uses the survey’s CRS (Coordinate Reference System) to relate a geodetic position with a
grid coordinate. Given a geodetic position, TPC can compute a grid coordinate and visa versa.

CRS conversions also produce a convergence angle and grid factor for each point being
converted, regardless of whether you start with a geodetic position or grid coordinate.

For those of you familiar with State Plane computations, TPC does not do State Plane Direct and
Reverse computations carrying State Plane coordinates forward in the process. Instead, it does
true geodetic (ellipsoid) computations, resulting in a new geodetic position from which a grid
coordinate can be computed using the CRS.

» Direct Geodetic Computations

When a new geodetic position is computed from an existing geodetic position, it's called a Direct
computation. TPC computes a geodesic (true geodetic line). See Latitudinal Arcs on next page.

The distance forward is the geodetic distance based on a great circle passing through the center
of the ellipsoid and some height above or below the ellipsoid surface if desired. As a rule, it is
slightly longer than a straight line between the equivalent grid points.

»Inverse Geodetic Computations

When two geodetic positions are known, TPC Inverses the geodesic between them. The
geodesic has a length, a mean bearing, and a unique bearing at each end. In the Traverse View
and elsewhere, TPC displays the length and mean bearing.

» Thaddeus Vincety’s 1975 Equations

When you select any of the geodetic distance options, TPC uses the equations from Thaddeus
Vincenty in his 'Direct and Inverse Solutions of Geodesics on the Ellipsoid with application of
nested equations'. Published in 1975, these are the classic, iterative solutions for computing a
geodesic foresight (Direct) and inversing the geodesic distance and end point directions (Inverse)
between two geodetic positions.

» Geodetic Distances

Geodetic distances are derived from geodetic positions (latitude / longitude), as opposed to
coordinate distances which are derived from grid (plane) coordinates (northings / eastings).
Geodetic distances (geodesics) are always an arc distance at some height relative to the ellipsoid
surface. As such, there are only three options for the elevation at which they are computed: 1) the
mean course elevation 2) the project elevation or 3) on the ellipsoid surface itself.

Any geodetic point can be related back to Cartesian coordinates through the CRS.

Geodetic Learning Guide 13



Introducing Geodetics

» Geodetic Directions

All geodetic computations assume true bearings/azimuths. When you choose a geodetic distance
option, TPC checks to make sure you have selected a corresponding geodetic direction.

» Geodetic Areas
TPC can also compute geodetic area instead of grid area. The difference between the two results
from the grid factor, the elevation factor, and convergence of the lines.

Area types are tied to distance types. If you select a grid distance, you will also get a grid area. If
you select a geodetic distance, you will get a geodetic area.

» Latitudinal Arcs

TPC includes options to compute on latitudinal arcs per the Public Lands Survey System. These
are Rhumb lines, not geodesics.

Some of you may be more comfortable with the terms great circle (passes through the center of
the ellipsoid) and small circle (an arc of latitude with the equator being the only one that passes
through the center of the ellipsoid).

TPC knows the difference between a geodesic (shortest distance between two geodetic
positions) and an arc of latitude.

For PLSS computations involving latitudinal arcs, TPC includes a [x] Latitude Arc option. You will
see this option in some of the COGO dialogs.

14 Geodetic Learning Guide



Selecting a CRS

Selecting a Coordinate Reference System
(CRS)

» This chapter demonstrates:
» Selecting a CRS for a Survey
» Selecting an ellipse

Overview
The CRS determines how grid coordinates in your survey are related to geodetic positions.

A survey can have one Coordinate Reference System (CRS) that relates it's geodetic and
rectangular (Cartesian) coordinates. The CRS defines the ellipsoid used in the geodetic Direct
and Inverse computations. TPC computes geodetic distances by inversing between two geodetic
positions on the ellipsoid surface and applying the appropriate elevation factor (converting
between the ellipsoid surface and the ground elevation). Since the CRS relates the coordinates of
a point to its geodetic position, TPC can compute both the coordinate distance and a geodetic
distance between any two survey points.

The transformation between grid coordinates and geodetic positions generates a scale factor and
convergence angle for each survey point. These can be reported along with the other point data
like coordinates, latitude, and longitude. They are also used to compute mean bearings of
geodetic lines.

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetic.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.

You can select a CRS when you start a new survey or anytime afterwards.

Geodetic Learning Guide 15
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Selecting a CRS

Selecting a CRS For a Survey

When you start a new survey, TPC needs to know what CRS you are using before it can convert
between geodetic and grid positions. [ S o

1. From the desktop menu choose File | D Do e Colteaten Saacks
N ew Survey. Survey Surveyor Coordinate Reference System Project Factors
Filename
2. After naming your file, click the | il Jl
Coordinate Reference System tab. TPC s Srowes Ocfoud Fokder ) rowen | Proviem
displays the CRS dialog. Hashingen Hoth -
1 Feet <=> Meters © Intemational Foot () US Survey Foot Blipse
3. Select the Name of the CRS you want ' .
to use then select a Zone and Datum. Model - None
4. Click the Ellipse button to display the B "
- . iy s insta
Ellipse dialog.
Czsugge;l?!\“lfuslégrixaws United States (CONUS), Alaska and US teritories in the Caribbean
5. Change the ellipse values to match Hodzontal Datum: NAD 3
your published values. ity bl
Units: Intemational Survey Foot
TPC sets the CRS for the new survey. | e 133SI e Lt 47000000
Any conversions between geodetic Fao g, 00000 Metes Fan N 0 e

positions and grid coordinates will now be
based on the CRS.
» Changing the CRS

1. From the desktop menu choose Tools
| Survey Information.

OK Cancel

2. Choose Coordinate Reference System. TPC displays the CRS dialog.

w

Select the Name of the CRS you want to use then select a Zone and Datum.

4. Click the Ellipse button to display the Ellipse dialog and select ellipse values to match your
published values.

TPC resets the CRS for the current survey without doing any coordinate conversions. Any
conversions between geodetic positions and grid coordinates will now be based on the new CRS.

» Recomputing Dependent Positions

When you make changes to the CRS, you change the relationship between geodetic positions
and grid coordinates. As a result, a grid coordinate that was computed from a geodetic position
may compute a different coordinate after the change to the CRS. TPC handles this automatically
for you by telling each survey point to recomputed its dependent position the next time it is
needed.

If you entered the geodetic position for a point, that point has geodetic preference. The next time
TPC needs a grid coordinate for that point, it will recomputed the grid coordinate from the
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Selecting a CRS

geodetic position so they have the correct relationship per the CRS changes.

» Editing Predefined CRS Data

TPC stores CRS data in a file called TpcZone.dat found in the program folder. This is a self-
documented text file. With a little evaluation, you will find it easy to add your own zones to the

existing datums in the file.

» Low Distortion Zones

Some states like Oregon and Wisconsin are adopting smaller zones designed to reduce distortion
of grid computations within the zone. TPC is adding these as they become available. Look for
your state or county zones in the latest release of TPC.

» For more help on CRS settings, press F1 from this dialog.

Selecting an Ellipse

1. From the CRS dialog, left-click the Ellipse button.

2. This dialog lets you select a pre-define
ellipse or add your own ellipse.

3. NAD27 uses the Clark 1866 ellipse and
NAD83 uses the Geodetic Reference \
System 1980 ellipse.

Mame GRS 80

Semi-Major

| Semi-Minor

» Creating a New Ellipse

1. Your CRS may specify a particular
ellipse to use. If it is not in the list, add
it with the New button.

2. You will need the Semi-Major, Semi-

1
1
H
f
{
{
1

Reciprocal Flattening
Flattening

Eccentricity Squared

New
6378137.0000000000000
Delete
6356752 3141000000760
298.257222039427
0.00335281068812
0K

0006634 3800230
Cancel

Minor, Reciprocal Flattening and Flattening values for the ellipse you are creating. You
should be able to find them in your state publications or surveying texts.

3. The Semi-Major and Semi-Minor values are always in meters.

» User Ellipse File

1. TPC stores any changes you make to the ellipse list in a file called UserEllipses.dat found the

ProgramData folder.

» For more help on Ellipse settings, press F1 from the Ellipse dialog.
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Project Factors and Preferences

» This chapter demonstrates:
» Understanding project preferences
» Using project factors for distance
» Using project factors for direction

User Definitions Site Calibration Setbacks
Survey Surveyor Coordinate Reference System Project Factors

Mapping Angle 2°30'30" Compute from location

Combined Factor 1000000000

Compute from location

Location
Point vls Compute Average Clear
Y 0.000 Latitude 46°4829.870"N
| X 0.000 Longitude 127°2326.383"'W
Z 1500.00 > Height 1500.00
Zfactor 8255 Grid factor  1.000200538
Fest Convergence -4 525¢
Preferences

Distance |Geo Dist (at project elevation 1500.00 PLSS)

Direction | True Bearing {mean course convergence PLSS)

Overview

TPC allows you to choose the level at which you wish to apply geodetics to your survey. This is
where the Project Factors come into play.

Distances and directions can be based on the Project Factors you enter here.

For instance, all distances can be computed at a project elevation. This is how computations are
done on the PLSS (Public Lands Survey System). Or you can assume a Combined Factor for the
project to relate all grid and ground distances in the survey.

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetics.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.
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Project Preferences

The Distance and Direction preferences you select here become the default for the survey. Any
time you start a new traverse or drawing or open a COGO dialog, TPC sets the Distance and
Direction options to these defaults. In each situation, you can accept the defaults or select a
different Distance or Direction type as needed.

1. From the TPC Desktop, choose Tools | Survey Information and left-click the Project Factors
tab.

» Setting the Project Elevation
2. Enter 1500.00 for the Elevation.

3. Anywhere you can select a distance type, you will have the option of selecting either a ground
or geodetic distance at this project elevation as one of the options. Don’t worry about the
elevation scale factor, TPC computes it based on this elevation and uses it when appropriate.

» Setting the Project Mapping Angle
1. Enter 2°30°30” for the Mapping Angle (entered as 2.3030).]
2. Click OK to close the dialog.
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Using Project Factors for Distance

Project Factors and Preferences

» Ground distance can be computed using the Combined Factor or Elevation.
» Geodetic distance can be computed using the Elevation.

»Drawing View

Let’s start by looking at drawing
settings.

1. In the Drawings Manager, double
click the True E-W Line drawing to
open it in the Drawing View.

2. Choose Tools | Drawing Settings in
the Drawing View and left click the
Miscellaneous tab.

3. Expand the Distance list and choose
Geo Dist (at project elevation 1500.00
PLSS).

You just told TPC to label the drawing
so that all distances are geodetic
ground distance at the project elevation
of 1500 feet. This is the Elevation you
entered in the Project Factors dialog.

4. Find the text shown here in the
bottom half of the drawing and place
your cursor over it. The tooltip shows
the drawing variable
$SDISTANCETYPE.

5. If you enter the $DISTANCETYPE
variable anywhere in a drawing as a
text object, TPC will display the
distance type selected for line labels
and lot areas.

» Traverse View

True BeariniGeo Dist (Mean course elevation)

Drawing Settings - Plan

Crows Feet Dimensions Dynamic Offset Interior Angle
Miscellaneous Leaders Clear Background Object Li
(] Plot Resections Bearings

[_] Bxira Spaces Throughout
(8 Extra Spaces (N.S.EW)
() Use 00" vs 0" for
[_Jinsert Ofor 0°to §°
|_JPeriods (N. S.E. W)

|_J Apply To Tables

[ Plot Backsights

[T Draw Outside Border
B Compute Area

@ Distance Units
() Apply Units To Scale
[C) Overside Traverse Settings

Edtt Settings

Spacing
Between Words 1 [ Label Offset 0.02in |5

Read Line Labels Left to Right iTDp Only (default)

Scale 2900.84 R/In Rotation (°00'00"

Units | Feet Factor=1.00000000 |

LY [Geo Dist (ot project elevation 1500.00 PLSS) [~]
__ |Gnd Dist (grid or local Cartesian coordinates)
Direction | Groynd Dist (Factor 1.000000000) enter value
Ground Dist (Combined factor 1.000000000)
Ground Dist (at project elevation 1500.00)
Ground Dist (Mean course elevation)

Cancel

Text*, 0 Layer

SDISTAMCETYPE

Insert: Y=412063.270 X=24835677.700 Z=0.00
Arial 0.15

0

1. In the Traverses Manager double click E-W True Bearing to open the Traverse View.
2. Choose View | Format View in the Traverse View and left-click the Advanced tab.
3. Pull down the Distance list and choose Geo Dist (at project elevation 1500.00 PLSS).

The distances in the Traverse View will now match the line labels in the drawing because they

are both based on the same distance type.
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Using Project Factors for Direction
» True Bearing/Azimuth can be computed using the Mapping Angle.

»Drawing View Drawing Settings - Plan

1. Inthe DraW|.ngs Manager, doublt_a pllck the e o Dynamic Offset Sk c)
True E-W Line drawing to open it in the it o s floe Eackeyn v
Drawing View.

] Plot Resections B_eanngs
2. Choose Tools | Drawing Settings and left () Plot Backsights (0 Extra Spaces Throug
click the Miscellaneous tab. () Draw Outside Border @ Extra Spaces (N.SE

. s @ Compute Area () Use 00° vs 0°for
3. Expand the Direction list and choose True @ Distance Unts (O Insert 0for 0°to &°
Bearing (at project mapping angle (@ Aooky Links To Scale (D) Periods (N.S.E. W)
2°30°30”). () Overide Traverse Settings  pqz Settings (] Apply To Tables
You just told TPC to label the drawing using Spacing
the mapping angle you entered in the Project Between Words 1 [+ Label Offset 0.02in |5

Factors dialog. _ T —

Read Line Labels Left to Right | Top Only {default)

4. Find the text shown here in the bottom half
of the drawing and place your cursor over
it. The tooltip shows the drawing variable Units |Feet Factor=1.00000000 |
$DIRECTIONTYPE.

5. Enter the $DIRECTIONTYPE variable
anywhere in a drawing as a text object and
TPC will display the direction type selected
for line labels.

Scale 2900.84 A/n  Retation 0°0000"

Distance |Geo Dist (at project elevation 1500.00 PLSS) ~ |

[ True Bearing {mean course convergence PLSS) [~

Grid Beann 'nd or Iocal Cantes:an coordunates

True Beanng lmappmg angle 0° ODGO ') enter value
\eww ey 11ue Bearng (project mapping angle 2°30'30")

Text®, O Layer

SDIRECTIONTYPE

Insert: ¥=412833.188 X=2483677.710 Z=0.00
Arial 0.15

1/

> Traverse View

1. In the Traverses Manager double click E-W True Bearing to open the Traverse View.
2. Choose View | Format View and left-click the Advanced tab.

3. Pull down the Direction list and choose True Bearing (project mapping angle 2°30°30”).

The directions in the Traverse View will now match the line labels in the drawing because they
are both based on the same direction type.
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Survey Distance and Direction

Depending on the Edition you have, TPC can use different Distance and Direction types.
Geodetic types are not available in the Personal Edition.

Distance Types

» Grid distance (direct inverse between grid coordinates)

This is the distance computed by inversing between grid coordinates. This is a planar
computation of X/Y coordinate pairs using simple Cartesian trigonometry.

» The Traverse View status bar doesn’t display additional information for this type.

» Ground distance (Combined Factor = 0.9999865)

This option applies the combined factor you enter in the Project Factors dialog. The combined
factor includes both a scale factor and an elevation factor. It is appropriate when the area covered
by the survey is small and there is not much elevation change within the survey.

grid distance = ground distance x (project combined factor)
» The Traverse View status bar displays "Combined Factor = 0.9999865".

» Ground distance (at project elevation = 1,500’)

This option combines a project elevation factor and a mean course scale factor. The project
elevation factor is computed internally based on the project elevation you enter in the Survey
Factors dialog. If the elevation change within the survey is not great, this can be a simple and
acceptable way of relating grid and ground distances.

The mean course scale factor is the average of the scale factors computed for each end point of
the course. The mean scale factor of a short course will be very nearly the scale factor of either
end. For a long course, the mean may vary more significantly from the scale factors at each end.

grid distance = ground distance x (project elevation factor) x (mean course scale factor)
» The Traverse View status bar displays "Project Elevation = 1,500".

» Ground distance (mean course elevation)

The option computes a mean scale factor and mean elevation factor for each course. It
disregards any combined factor or elevation you may have entered in the Project Factors and
uses the geodetic position and elevation of each end point of the course to compute the
respective factors. This is most rigorous computation for ground distance.

grid distance = ground distance x (mean course elevation factor) x (mean course scale factor)

» The Traverse View status bar displays “Mean Course Elevation”
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Project Factors and Preferences

» Ground distance (Manual Factor = 1.0000000123)

You may choose to enter your own distance factor manually. If you have a special situation where
the distances you are entering or reporting do not match the survey, you can enter a manual
factor that will be used in place of any of the other methods listed here.

To enter a manual factor, type the factor directly into the Distance list. TPC will realize a manual
factor is being entered and will re-display the list with your factor.

grid distance = ground distance x (manual factor)

» The Traverse View status bar displays "Manual Factor = 1.0000000123"

» Geodetic Distance (at ellipsoid surface)

Geodetic distance (at ellipsoid surface) = ground distance measured at ellipsoid surface
» The Traverse View status bar displays “Ellipsoid Surface”

» Geodetic distance (at project elevation = 1,500’)

Geodetic distance (at ellipsoid surface) = ground distance measured at project elevation x
(project elevation factor)

» The Traverse View status bar displays “Elevation = 1,500

» Geodetic distance (mean course elevation)

Geodetic distance (at ellipsoid surface) = ground distance measured at mean course elevation x
(mean course elevation factor)

» The Traverse View status bar displays “Mean course elevation”

Direction Types

» Grid Bearing (Inverse grid coordinates)

This is the direction computed by inversing between grid coordinates. This is a planar
computation of X/Y coordinate pairs using simple Cartesian trigonometry.

» The Traverse View status bar does not display additional information about this direction type.

» True Bearing (mean course convergence PLSS)

The option computes a mean direction for each course. It computes the beginning and ending
direction of the geodesic or latitudinal arc for the course and then averages them to determine the
mean direction.

» The Traverse View status bar displays “Mean course convergence”
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» True Bearing (mapping angle x°xx'xx") enter value

You may choose to manually enter your own mapping angle. If you have a special situation in
which the mapping angle is specified for a particular traverse or drawing, enter it here.

To specify the angle, enter the mapping angle directly into the Direction list field. TPC will re-
display the list with your mapping angle. Remember to enter angles as DD.MMSS, so 2°30°30”

would be entered as 2.3030.
» The Traverse View status bar displays "Mapping angle = x°xx'xx

» True Bearing (project mapping angle x°xx'xx"’)
This direction type uses the project mapping angle.

The Traverse View status bar displays "Project mapping angle = x°xx'xx" ".
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»This chapter demonstrates:

» Working with geodetic positions in the Point Manager
» Understanding geodetic positions in the Traverse View

» Importing and exporting geodetic positions

Latitude and Longitude

Latitude and Longitude

Points

4 Y= Tasks r": TFEVEI'SE;/Y £ Points T : Drawings

Tools ~ | coGo -2 @R ES, TR L F N, =

Name Latitude Longitude  Converge  Grid Factor Status
1 48°05°48.881"N  117°1702.704"W  2°38'33" 0999942320 E

2 48°05'51.276"N  117°18'20.409"W  2°37°35" 0.999942316 E

3 48°05'53.657"N  117°1938.116"W  2°36'37" 0999942312 E

4 48°05'66.023"N  117°20'65.824"W  2°35'39" 0999942308 E

5 48°05'68.374"N  1M17°2213.635"W  2°34'42" 0999942305 E

6 48°06'00.710"N  117°2331.248"W  2°3344" 0999942301 E

7 48°06'03.120"N  117°2331.235"W  2°3344" 0999942298 E
100 48°05'48.881"N  1M17°1702.704"W  2°38'33" 0999942320 E

101 48°05'48.882"N  1M7*1702.691"W  2°38'33" 0999942320 E G
102 48°05'48.882"N  117°18'20.396"W  2°37'35" 0999942320 E G
103 48°05'48.882°N  117°1938.103"W  2°36'37" 0999942320 E G
104 48°05'48.882"N  117°20'55.812"W  2°35'39" 0999942320 E G

31 105 48°05'48.882"N  117°2213.523"W  2°34'42" 0999942320 E G

106 48°05'48.882"N  117°2331.235"W  2°3344" 0999942320 E G
107 48°05'48.882"N  117°23'31.248"W  2°3344" 0.999942320

anA AQOALAQ QQ4A"M 4470470 TRA™MA 2030°237" N G400A 39N

Overview

TPC Desktop Premium and Professional Editions include tools that allow you to use a Coordinate
Reference Systems. You'll find the basic tools you need to relate your survey to published
geodetic positions and report the latitude and longitude for points in your survey.

& To learn more about this topic
See Latitude & Longitude Formats.

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetics.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.
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Latitude and Longitude
Working with Geodetic Positions in the Point Manager

The Point Manager can display geodetic Points x
information about points just like it displays | ¢ /¥ Tesks | % Traveises” I Points | - - Drawings b
coordinates. Tools - | coco - e, B EL TR LE LB,
MName Latitude Longitude  Converge  Grid Factor Status
1. In the Point Manager, choose Tools | 1 4870548 881N 17°1T02.704"W  2°3833" 0.999942320 E
View | Format View to display the 2 48°0551 276"N  117°1820 409°W  2°3T35" 0999942316 E
: : 3 45°0553 657'N  M719381M16"W  2°3637" 0999942312 E
Point Manager Format dialog. 4 48°0556.023'N  117°20'55 824"W  2°3539" 0999942308 E
2. Change the Display Sequence to PyxwsJ 5 48°05'58 374N 1172213 538"W  2°3442" 0999942305 E
6 48°0600 T10°N  117°2331 248"W  2°3344" 0999942301 E
and choose OK. 7 45°0603 120'N  117°2331235"W  2°3344" 0999942298 E
3. TPC now displays the geodetic 1 | wossmeern [ 1iriramrw || osmwuzn | € [o
information about the points. 102 48°0548.862'N 117°1820396'W  2°3735" 0999942320 E |G
. ) 103 48°0548.882'N 117°1938103'W  2°3637" 0999942320 E |G
» Geodetic vs. Grid Precedence 104 4B°0548BEZ'N 1172055 812'W  2°3539° 0999942320 E |G
. . 2105 48°054B8EZ'N 1M7T°2213523W  2°3442° 0999942320 E |G
1. Notice that the Status column includes  * 45 sposupeeen 1r2rItzsEwW 23 0999942320 E |G
the letter G. This indicates that these 107 4B°0548 882N 117°2331.248"W  2°3344" 0999942320
points Were Created by entering Or anA AQPNEAQ QQ4"KL AATIATND TNA"MM 297927 N 00aaA922mn

computing their geodetic (marked with a (G)) positions. As a result, the geodetic position
takes precedence over the grid coordinates.

2. When you enter or compute a point in TPC, you establish either its grid coordinates or its
geodetic position. As a result, TPC uses the CRS to generate the grid or geodetic equivalent.
If you then were to change some parameter in the CRS, TPC would need to recompute the
grid or geodetic equivalent values.

3. The geodetic or grid precedence just determines which one to hold and which one to
recompute in the event of such a change.

» Editing Geodetic Positions

1. To edit any latitude or longitude, highlight the value. Then press [space] to edit the existing
value or enter an entirely new value.

» Adding Geodetic Points to the Survey

1. To add a new point to the survey, double click any blank line in the Point Manager or choose
Tools | Insert Point. TPC will create a new point which you can now edit.

» Protecting Geodetic Positions

1. To protect a point’s position, highlight the point and choose Tools | Modify Points | Protect On.
If the geodetic position has precedence, that’'s what will be protected. If not, the grid
coordinates will be protected.

Protecting points ensures they cannot be modified without explicit steps to do so.
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Understanding Geodetic Positions in the Traverse View
1. In the Traverses Manager, double-click the E-W True Bearing traverse to display its Traverse

View.

2. In |tS Traverse V|eW, =" Traverse View - E-W True Bearing [o][=][=]
choose View | Display Edit View Tools C0GO :[= [ 4 2 &Dg BT 7 P, AR =N
Raw Data. Your Traverse Point Type True Bearing Geo Dist Elevation Latitude Longitude Converge
View should look like this. T N N N NN /X 7R TR 171 702.704°W R

" 202 S90°0000"W  80.00

3. Notice that this traverse 203 S90°0000"W 80.00

starts with a geodetic 204 S90°0000"W  80.00
" . 205 S90°0000"W  80.00

posmorj for p.ollnt 201. The o0 e

geodetic positions of

points 201 through 206 p—

are computed from the
true bearings and geodetic distances entered in the traverse. Each of the points in this
traverse will have geodetic position preference instead of grid coordinate preference.

» Entering Latitude and Longitude
1. The Latitude for point 201 was entered as 48.0548881N or just 48.0548881.

2. The Longitude for point 201 was entered as 117.1702704W. An upper-case or lower-case ‘W’
tells TPC to go west 117.1702704 degrees. It can be entered either before or after the
longitude value. You can also enter -117.1702704. The negative value indicates a west
longitude.

» Checking the Distance and Direction

Type Format Decimals Advanced  Format Forts

1 . In the Traverse V|eW Choose View I Format [] Display Slopé Distance .Stations
Compute LatitudeLongitude

View to display the Traverse View Format [ check Curve Segmerts
dialog. Left click the Advanced tab.

Units [Fest Factor=1.00000000 V]

The Distance and Direction types direct TPC to Feet-Meters
compute this traverse geodetically. Distance [Geo Dist a project slevation 4300 00 PLSS) <]
Direction [True Bearing {mean course convergence FLSS) |

» A Word About Raw Data

The bearings and distances entered for this
traverse are raw data. In a traverse, the raw
data values don’t change.

Selecting geodetic distance and direction types
causes TPC to treat the raw data as geodetic oK Cancel
data. Selecting grid Distance and Direction
types causes TPC to treat them as grid data. Either way, the raw data values remain constant.
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Importing and Exporting Geodetic Positions
Many data collector files include geodetic positions. As a rule, TPC supports them.

TPC also supports geodetic positions through the generic ASCII coordinate file type which we will
look at here.

» To Import Geodetic Positions |~/ moor s
1. From the TPC Desktop choose Fomal P:¥xZD\ il Hevant
File I Import' If prompted to save { E\Eﬁa:le;ormal from header [overwnite format) LZ'a:h-:'“:j:fLDng‘lude : :tln::ute
astin
the survey choose No. { Numberofines toski 0 |2 ¥ Thati
. ! . Z Elevation
2. From the Type list, choose FElEEEE , D Descipiion
ASCII | Modty Imparted Assign Missing 1 % Longiude
) ' ‘when an imported point matches an existing point: Nest Label ] Latitude
. . i N . A\ new line
3. Left click the small ellipse box to | Geste s newlingored)psin 2 Unknown
the right of the list to display the Optons
ASCII dla|Og 8 Add points to raverse 8 Details [ Include Notes
[ Create Drawing of Import [_] Reference Points in Descriptions
4. Change the Import, Format f|e|d [ Translate invalid elevations to zero
to P, T,G,D\ and choose OK. Carvert Caordinales
. () Convert {:}
5. Browse to the file you want and =
ChOOSG Import. Extension "ASC Save Recal {Tl Cancel

We've selected an arbitrary format
which includes latitude and longitude. You will want to enter a format that matches the data you
are importing. You can use the Preview button to examine a file before importing it.

» To Export Geodetic Positions Export (-2 [ |

1. From the TPC Desktop choose File
| Export. If prompted to save the Type 2 Tagged items in Traverse Manager
survey choose No. Fl: Ente D T e L™

2- From the Type |iSt, ChOOSG ASCII CAPROGRAMDATANTRAVERSE PCATPC DESKTOP 201145AMPLESALEARN GEODETIC CONCE

i i Detall: | Clear Detal E-Mail
3. Left click the small ellipse box to the -

right of the list to display the ASCII
dialog.

4. Change the Export, Format field to
P, T,G,D\ and choose OK.

5. Select the points you want to export 17 AuteSave before..
from the What list. )

6. Enter a File name or Browse to a folder.

7. When you are ready to write the file, choose Export.
8. Choose Preview to look at the file you just exported.
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Geodetic Closure and Area

» This chapter demonstrates:
» Geodetic closure
» Geodetic area %

Section Area

639997 Acres

Overview

When it comes to closure and area, the
differences between Cartesian
coordinates and geodetic positions
raises its ugly head. It's at this point that
we need to clearly identify what kind of closure and area we are working with. TPC helps us keep
track of this in an easily understandable way.

an00CH 400

0

This topic will display the closure and area data in the Closure View. This same data can be
included in the Traverses Manager, both the lot tables and lot labels in a drawing and in the legal
description writer. The same closures and areas are displayed everywhere.

Geodetic closure and area are not available in the Personal Edition.

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetic.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.
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Geodetic Closure
1. In the Traverses Manager, double click the Sections Area traverse to open its Traverse View.

This traverse was created by entering T — E=m =
geodetic distances and directions. eait View Toos 060 ([FE D + B[E|H@MRT. 7 2.0 2
BeC.aUSG IF Is a PLSS sgrvey, dlSt.anceS _F‘Dlrlt Type True Bearing Geo Dist Latitude Longitude Converge
are in chains at the project elevation of T || 48054B8BIN [M7IT02.704W [2°3833" |
1,500 ft. 401 NO°0D00'E 8000  48°0640.982°N 117°1702.704"W 2°3833"

402 SO0°0000"W 8000  48°0640.982°N 117°1820.502"W 2°37°35"

. 403 S0°0100'E 8000  48°0548.881°N 117°18204T9W 2°3735"
Notice that the course from 402 to 403 404 S90°0000°E  §0.00  48°0548.881"N M7°1702.703"W 2°3§'33"
contains a 1’ (one minute) convergence
per the original GLO notes. Fs=400

2. To display the Closure View, choose Tools | Closure View in the Traverse View.

£ Closure View - Section Area EI@
Edit View Tools | b ¢ | [3, [4gm 019) -

I Closure View — Section Area ]]

Chains Factor=66. 00000000

Geo Dist (at project elevation 1500.00 PLSS)
True Bearing {ms=an course convergence PLSS)

[ Traverse Summary ]

Clozed Loop 5 Points From 400 To 404

Horizontal Distance: 320.00 Chains Slope Distance: 320.00 Chains

Area: 27878104.24 SgFt 639.993 Acres

[ Error Summary ]

Relative: 1:311145% Linear:0.00 Chains (0.07 Feet) Direction:579"22'07"W
Horthing:0.00 Feet Ez=ting:0.07 Feet Elewvation:0.00 Feet

Angular: Hone

[ Rectangular Limits (PLSS) ]

Tatitude 1:3525475 Departure 1:162734
[ Clo=sing Points ]

Point Horthing Easting Elevation Latitude Longitude
From 400 420117 .984 2507409.9684 1500.00 48°05'49"H 117°17'03"W
To 404 420117 .987 2507410.051 1500.00 43°05'49'H 117°17'03"W
Correct 400 420117 .984 2507409 .964 1500.00

[ Adjustments ]

Notice that the distance and direction types are included under the [[Closure View - ]] section.
These indicate that the Linear error and other information in the Closure View are based on
geodetic computations per the PLSS.

If this traverse had been computed using grid coordinates, the Linear error would have been 1.54
Feet. The BLM Manual of Survey Instruction refers to this as apparent misclosure. With TPC, you
bypass inappropriate errors altogether and get right to the heart of the actual geodetic closure.

» Traverse Adjustments

At his point, you could select any appropriate traverse adjustment. TPC would apply the
adjustment to the geodetic positions and recompute their corresponding coordinates.
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Geodetic Closure and Area

Geodetic Area
Look at the highlighted acres in the Closure View.

Three decimal places are shown here to make the point that for all practical purposes, the area
for this square mile section is 640 Acres.

[[ Closure View — Section Area 1]

Chains Factor=6&6.00000000

Geo Dist {at project elewvation 1500.00 PLSS)
True Bearing (mean courszse convergence PLSS)

[ Traver=z=e Summnarv ]

Clo=zed Loop £ Point=s From 400 To 404
Horizontal Distance: 320.00 Chain= Slope Distance: 320.00 Chain=
Area: 27878104 .84 SgFt 639.993 Acres

Notice that the distance and direction types are included under the [[Closure View - ]] section. If
this traverse had been computed using grid coordinates, the area would have been 639.907
Acres.

The BLM Manual of Survey Instruction says that it is acceptable to compute the grid area and do
a Compass Rule adjustment to approximate the correct area, but why go to all the work when
TPC computes the correct area right from the geodetic positions.

»TPC Area Computations

TPC uses the Double Meridian Distance (DMD) method to compute areas. In the process, it
factors in the appropriate scale factors. In the case shown here, the area at the project elevation
of 1,500 Feet is 640 Acres. Using a different project elevation or a different distance type would
have yielded a different area.
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Geodetic COGO

Geodetic COGO

» This chapter demonstrates:
» Choosing distance and direction types

From | 201 v |»
Overview To[202 ls
The COCO routines in TPC are True Bearing NS0°DD00"W Geo Dist 5279.36 Slope Dist 633467

completely aware of grid coordinates
and geodetic positions. They know that —
the length of a geodesic is not the same V Dist 350000 ¥ Angle 33°3223" Percent 66.23
as the length ofa Straight grld line Hide Options | Summary | Recompute Clear Close
between the same two points. They also
know the difference between a grid
distance and a grOUnd distance. Units |Feet Factor=1.00000000 | Feet-Meters| Intemational Survey Foot

Distance |Geo Dist (at project elevation 1500.00 PLSS)

Combined Factor 0.9939328255

Options

Some dialogs also include PLSS

constraints to work on a latitudinal arc. Direction | True Bearing (mean course convergence PLSS]
Geodetic distance and direction options - :
are not available in the Personal Edition. (r———— - - ==
» Getting started ‘what Enire Traverse: Fandam Line -
1. From the Tasks View choose Sample L3 (o s Wlke Ife N

Surveys. Far MEIRE ) Line 53]

AN ED|

Bearing MOPO0'00"E Select the end point of a line or enter Bearing

2. Double-click the Learn Geodetics.trv file.

3. Choose File | Save Survey As then enter Crmpes] Parsfis iz
. Save Offzetz az Side Shots - offsetz are re inzerted into the original traverse
the name Geodetics and choose Save. = az gideshots which are automatically recomputed along with the traverse.
e . Create a New Traverse which includes each offzet and it's comesponding
4. If prompted to replace the existing file, i e
choose Yes. : .
Type Ferpendicula - Latitude Arc Add Offset Label to Description

Label "OFS Mext Label| Desc
Hide Options l |Summaly| Compute Cloze

Options
Distance Geo Dist [at project elevation 1500.00 PLSS) -
Direction True Bearing [mean course convergence PLSS) -
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Geodetic Cogo

Choosing Distance and Direction Types

1. From the COGO menu at the top of the TPC Desktop, choose Random Inverse

2. Enter the points 201 and 202 into the
dialog as shown here.

3. Left click the Show Options button. It will
change to Hide Options as it expands to
show the Options section.

4. Select the Distance and Direction type
you want to use. Some COGO dialogs
also let you choose the units. In the
Random Inverse dialog shown here,
you might want to switch to chains to
check a GLO plat.

TPC’s COGO dialogs go out of their way to
show what distance and direction they are

Fram| 201 v|>

To| 202 v |2

True Bearing N0"00D0"W Geo Dist 5279.96 Slope Dist 5334.67

Combined Factor 10.933328255

W Dist 3500.00 W angle 33°3223" Peicent 66.23
Hide Options \ Summary | Recompute Clear Close
Options

Units |Feet Factor=1.00000000 /| Feet-Meters Intemational Survey Foot
Distance |Geo Dist [at project elevation 1500.00 PLSS] v |

Direction | True Bearing [mean course convergence PLSS) v |

L d

using for their computations, even if you hide the Options section of the dialog. Let’s take a quick

look at them.

»Dialog Title Bar

The title bar displays a shortened version of the Distance and Direction types, along with the

coordinate Units being displayed.

» Field Names

TPC updates the field names like True Bearing and Geo Dist to match the Distance and Direction

types selected.

» Summary

1. Left click the Summary button and
take a look at the Report View.

Notice that the summary includes more
information than was displayed in the
dialog. In this case, you see the forward
and backward bearings of the geodesic
from 201 to 202. You also get the
convergence and scale factor at each end
of the course.

=| Report View - Geodetics.doc (C:\ProgramData\Traverse PC\TPC Desktop... | = ||__EJ"\@

g 7 = . = ABC

Edit View Tools : ¥z | o= [ Q A ¥ s

[[ Random Inverse (True Bearing, Geo Dist, Feet) ]]
Friday, February 23, 2024 13:36:27

Geo Dist (at project elevation 1500.00 PLSS),Feet
True Bearing (mean course convergence PLSS)

[ Given ]

From: 201

X=2507409.984
881"N, Lng=117°

17'02.704™W
To: 202

YE‘JLQ“"S 330 X=2502136.283
=117°18"20.480"W

Computed ]
Forward N89°59'31"W
True Bearing=NS0°00'00"W Geo
€6334.67
Combined Factor
V Dist=3500.00 V Angle=33°32'23"

Backward N8S°55'31"E

Dist=5279.96 5Slope Dist=

Percent=66.29
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Geodetic Drawing

Geodetic Drawing

» This chapter demonstrates:

» Setting the distance and direction types

» Documenting geodetic labels

» Including geodetic positions in point labels

» Including geodetic positions in the Point table

This example is in Eastern Washington
where convergence is positive.

POINT v LONGITUDE CONVERGE GRID FACTOR
201 420117.985  48°0548.881°N 2°3§33" 0999942320
202 419875344 48°0548.881°N 999942320
203 419634168 48°0548.881°N 0,999942320

# Section Area
639.907 Acres

206 418919525 48°0548.881°N 0,999942320
400 420118.000  48°0648.B1'N 0.999842320
401 425398.000  48°0640.933°N 0.999842260
402 425398.000  48'0643329°N " 0999842259

403 420118.000  48°0551.276°N 23735 0999842316

sasoot s o e
$. 529000 o a0 T @ W Son0000
oo W W

On a State Plane grid, a TRUE West line

Overview drifts south (the bearing changes)
SW|tCh|ng a draWing from gnd Geo Dist (at project elevation 1500.00 PLSS) %
COOFdInateS tO geodetIC pOSItIOhS |S True Bearing (mean course convergence PLSS) ﬁw

easy in TPC.
Just tell TPC what kind of distance

and direction types to use and TPC
does the rest.

&To learn more about drawing geodetics
See Geodetic Drawings

» Getting started

1. From the Tasks View choose Sample Surveys.

2. Double-click the Learn Geodetics.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.
4. If prompted to replace the existing file, choose Yes.
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Setting the Distance and Direction Types

Geodetic Drawings

1. In the Drawings Manager, double click True E-W Line. TPC displays this drawing in the

Drawing View.

2. In the Drawing View choose Tools |
Drawing Settings and left click the
Miscellaneous tab.

The Distance and Direction are the keys to
drawing geodetic data.

1. Select Chains Factor=66.0000 from the
Units pulldown.

2. Choose OK to return to the drawing.

Take a look at the east end of the line and the
Section Area traverse.

» Line Labels

Notice that the bearings are due East-West,
even though the line is obviously not
horizontal. That's because geodetic lines are

plotted as arcs on a Cartesian grid.

TPC also changed the distance labels to
chains because we changed the units to
chains. These distances are also at the
project elevation of 1500 feet.

» Lot Labels

The Section Area lot label displays the area
of this traverse as 639.997 Acres or about
640 Acres as we expect. This is the area of
the section at the project elevation of 1500
feet.

» Note: Just setting the distance and

Crows Feet Dimensions
Miscellaneous Leaders

Dynamic Offset
Clear Background

Interior Angle
Object Labels

[C]Plat Resections Bearings

[C1Plot Backsights [ Extra Spaces Throughout
[C] Draw Outside Border Extra Spaces (N.5.EW)
[ Compute Area [ Use 00" vs 0" for

Distance Units I:I [Jinsert 0for 0°to 9°
] Apply Units To Scale [ Periods (N. 5. E. W)

[ overtide Traverse Settings Edit Settings [ Apply To Tables

Label Offeet [002in |2
Read Line Labels Left to Right |TDD Only (default) v|
Scale Ft/In Rotation

Urits

Distance |Geo Dist {at project elevation 1500.00 PLSS) v|

Spacing
Between Words E >

Direction |True Bearing (mean course convergence PLSS) v|

Cance! Aoy

a0.00cH o1
Qaoz 5 00°0000" W ]
o =
1 o
c|z Section Area 2 &
—| &
2|2 639.997 Acres 8|8
Sl 3
m
0CH N
#0.00CH Lrtﬂ’ EU;D o Lo
2 Qo 00oo” W 403 5 a0°00

direction types in one place updated all the labels in the drawing. The area computation is

based on the distance type selected.

» You can rotate the survey on the drawing page so that it is horizontal by choosing Tools |
Rotate Survey on Page and following the on-screen instructions.
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Geodetic Drawing

Documenting Geodetic Labels

TPC provides a convenient way for you to document the type of distance, direction and area
labels shown on the drawing.

1. Choose Draw | Text.

2. Left click any blank spot on the drawing.

3. Type $DISTANCETYPE and press [Enter] twice.
4

. Notice that TPC replaces the drawing variable you just typed with Geo Dist (at project elevation
1500.00 PLSS)

Geo Dist (at project elevation 1500.00 PLSS)

True Bearing (mean course convergence PLSS)

Now do the same for the direction

1. Choose Draw | Text.
Left click any blank spot on the drawing.
Type $SDIRECTIONTYPE and press [Enter] twice.

Notice again that TPC replaces the drawing variable you just typed with True Bearing (mean
course convergence PLSS)

> wWnN

»Drawing Templates
1. Choose Tools | Drawing Settings and change the Distance or Direction type to something else.

Notice that the text for the associated drawing variables changes. You can include these drawing
variables in any drawing template and they will update automatically as you change the distance
and direction types used in a drawing.

You create a drawing template from any existing drawing by choosing Tools | Save Drawing as
Template.
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Geodetic Drawings

Including Geodetic Positions in Point Labels

TPC can include the latitude and longitude of points in their point labels.

1. If your drawing includes a point table, right

click any blank spot in the table and choose

Delete to remove the table.

2. Double click any point label in the drawing to
display the Traverse Drawing Settings dialog

shown here.
3. Left click the Control Points tab.

4. In the Points box, turn on the Lat/Lng toggle

and choose OK to return to the drawing.

TPC adds the geodetic position to each point

label. In the example shown here, we've set the
point label angle to 40 degrees so the point label

information would be separated from the East-
West line.

»Moving Point Labels

1. To move a point label, drag-and-drop it with
the left mouse button.

Fort | 0 Arial v|oosin B [Noma o
Line | Sold” v [—ogz || Nore
| Distance Dirsction [ ] Grade Style Format Label

| [ Leader Q [JReverse [~]Clear Background [ Crows Feet Q

| Fort [T Arial “looain 2] [Nema o
| [Point [JDescription [1Z [Jv/x [ lat/lng []Station | Format Label

Control Points  Curves / Spirals ~ Fill Side Shots Lot Labels Advanced

Lines

Foints

Interval [ o Angle |40°00°00" [ Draw Closing Paint [ Leader
Symbols
| { Rebar V| 0.08in 5 None Browse
[ Trim Symbaols Angle | 0°00°00"
Color Decimals Save Settings | | Recall Settings
Cancel Apply
o
FE
17
b
M
e

':.\'_'l'\
&° 80.00CH
o 80
O g™ TSa0-0000" W

—
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Geodetic Drawing

Including Geodetic Positions in the Point Table

You can also include point labels in a Point Table. The
advantages are that the point labels don’t crowd the
drawing and you can include additional geodetic
information about each point.

»Inserting a Point Table

1. In the Drawing View, choose Insert | Point Table.
2. Set the Style to All.

3. Enter yxws for the Format and choose OK.

TPC inserts the table on the right side of the drawing.

Place the cursor over any blank spot in the table and
drag-and-drop it onto the drawing as shown here.

» Referencing Points

TPC provides two ways to reference the points in the
table.

Style: -

Color ‘l Black ~ |

Layer |0 ~

Header
[ Header Aligrment Left

Column Headers

Items

Border

15in &

Normal ~
MNormal ~

Normal ~

[ Draw Border Solid®

v| ‘7001“ \,|

[ Fill Background

Format

Alignment | Left ~

Drelimiters

Columns[T 3] Col Spacing [030in |3
Line Spacing II =

Choose F

Decimals

Sort by label
(® Ascending

O Descending

wihite: ~

»=Easting ~
Y=Morthing
Z=Elewation
D=Description
M=Station
y=Latitude
#=Longitude
z=Ellipse Ht
w=Converge
s=Grid Factor

Tom:

Cancel

In the example shown here, we did
NOT include the letter P in the Format. This example is in Eastern Washington
This tells TPC to use the point label where convergence is positive.
itself to reference the points. So you will
see 206 in the Point column and next to POINT  LATITUDE  LONGITUDE CONVERGE GRID FACTOR
o : 201 48°05'49°N  117°17°03"W 2°38'33"  0.999942320
the point in the drawing. 202 48°0549'N  117°18'20"W 2°37'35" 0998942320
. . 203 48°05'49'N  117°19'38"W 2°36'37"  0.099942320
If you had included the letter P in the 204 48°0549°N  117°20°56"W 2°35'39" 0999942320
205 4B°0B4E'N  117°22'14"W 2°34'41" 0999942320
Format, TPC would have used 206 48°05'49"N 117°23'32°W 2°33'43"  0.099942320
references like P1. P2. P3. etc. and 400 48°05'49'N  117°17'03"W 2°38'33"  0.999942320
: Co . 401 48°08'41"N  117°17°03"W 2°38'33"  0,999942260
included the original point labels in the 402 48°06'41°N  117*1821°W 2°37'35"  0.999942260
403 48°05'49°N  117°18'20°W 2°37'35"  0.999942320
Label column. 404 48°0549°N  117°17°03°W 2°3833" 0999942320
» Editing the Point Table 50.00CH N Bo00CH o
. fuf:rc: o oW N 90°00°007 W

4. To edit the Point Table, position the

cursor over any blank spot in the table, right click and choose Properties.
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» This chapter demonstrates:

» Transforming points

» Transforming selected points

» Computing geodetic and grid coordinates for a single
point

» Changing the survey units

Overview

TPC provides a number of tools to help you keep all
your points on the survey’s CRS (Coordinate
Reference System).

You may have said something like, “All my points are
on the same grid”, meaning they are all State Plane
coordinates or maybe you are just using a

Transformations

Transformations

Transform Coordinates | T |
“what Entire Survey - @
From: Coordinate Reference System [CRS)
CRS MADS3 [Conus) -
Zohe Washington North -

Fest<=» Meters @ {lntemational Foof () US Survey Foot
To: Coordinate Reference System [CRS)

CRS UTM

4

4

Zone Zone 10 Narth

Elipze...

US Survey Foot

Cloze

Feet <= Meters @) International Foot

|Oca| gl’ld W|th |tS Orlgln at 5000/5000 Grid <=> Geodetic (True Bearing, GE;_Dist,, Feet) l. i l&lﬁ
Grid Geodetic =

> Note Paint 201 'j Puoint 'EI

The transformation between NAD27 and ) [420117.584 Latude 480549

NAD83 involves a datum shift which TPC’s w (B Longtude 1171703°W

transformations do not include. These | — —

transformations require an additional I [ caorate petence e |

translation to account for the shift. e Summary

& To learn more about drawing templates
See Transforming Coordinates

» Getting started
1. From the Tasks View choose Sample Surveys.
2. Double-click the Learn Geodetic.trv file.

3. Choose File | Save Survey As then enter the name Geodetics and choose Save.

4. If prompted to replace the existing file, choose Yes.
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Transformations

Transforming Points

If you have selected a CRS like NAD 83(2011), all the coordinates in the survey are NAD83
coordinates. You can convert the entire survey to, let's say, UTM coordinates by doing a
Coordinate Transformation. TPC will use the new CRS to relate geodetic positions and grid

coordinates.

1. From the desktop menu choose Tools | Transform Coordinates.

2. Select the data you want to transform from the What list.

3. The From setting displays the current
CRS.

4. Select the CRS you want in the To section
and choose Compute.

If you have the Point Manager or any Traverse
views open, they will display the transformed
coordinates.

The coordinate transformation may have
changed the coordinates of some survey
points. If you don’t see your survey in Drawing
View, left-click Drawing View to activate it and
choose View | Zoom | Zoom Extents. The Zoom
Extents allows the Drawing View to catch up to
the transformation.

Transform Coordinates (True Bearing, Geo Dist, Feet)

? X

‘what | Entire Survey

g

From: Coordinate Reference System [CRS)

[ Drawings

CRS |MNAD 83 (2011).ois

|

Zone |W’ashington Narth

|

Elipze...

Feet <=» Meters © International Foot () US Survey Foot

To: Coordinate Reference System [CRS)

Browse

CRS |UTM NORTH.crs

Fone |ZDI’]E 10 NotH

Ellipze

Feet <=> Meters © International Foot () US Survey Foot

Close

After you Compute the transformation, the dialog displays an Undo button. During the
transformation, TPC made a copy of each survey point that was transformed. Pressing Undo
copies those original coordinates back into the transformed points.

Transforming Selected Points

If you select Entire Survey from the What list, TPC updates the survey’s CRS to match the
transformation. After the transformation shown in the example here, the CRS would be UTM,

Zone 10.

You can limit the points that are transformed by
selecting the appropriate item from the What list.

The items listed here change as you select and
tag items in the managers and views. If you
don’t see what you want, go to the appropriate
manager or view, select or tag the items you
want, then return here and refresh the list.
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Transformations

Computing Geodetic and Grid Coordinates for a Single Point

TPC lets you compute and compare the grid and geodetic coordinates of a single point based on
any CRS. This is a great way to double check your tie to a published geodetic monument for
which you have a particular grid coordinate.

1. From the desktop menu choose Tools | Grid <> Geodetic.

2. Enter an existing Point or the X and Y coordinates in Grid and TPC will compute the
equivalent Geodetic position.

. . . Grid <=> Geodeti Beorng Com it E (s |
3. Enter a Geodetic position and TPC will  <=» Geodehc (e beveg e o= S
. . . Grid . Geodetic =
compute the equivalent Grid coordinates. Pare 207 - bt -
4. To use a CRS other than the current v 420117.984 Latiude  450T49N
survey CRS, choose Coordinate Reference IR Longtude 1171703W

System and select the appropriate CRS.

' e
TPC does not update the current survey e TEE | Conghae ofence Syt
CRS based on this selection. The CRS you GidFactorf] 0.895342320 Summany

choose here is for the sole purpose of
doing this single conversion.

5. Choose Close.

» Note: You can NOT save the CRS settings you choose here because this is a ‘one time only’
conversion.

» You can enter or pick the Grid Point or the Geodetic Point, but not both simultaneously.

Changing the Survey Units
A survey is restricted to one coordinate unit like Feet, Meters or Chains.

If you find that your survey is not in the units you want, but don’t want to change any of the
coordinate values, you can change the survey units without doing a transformation.

1. From the TPC Desktop choose Tools | Survey Information and left click the Survey tab.
2. Expand the Units list and select the desired survey units.

That’s it. Your survey units are now changed.
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Geodetics and the PLSS

Geodetics and the PLSS

» This chapter demonstrates:

» Starting a PLSS survey

» Choosing PLSS distance and direction types
» Working with latitudinal arcs

» Preforming a lost corner restoration

TOWNSHIP 26 SOUTH, RANGE 19 EAST, OF THE WILLAMETTE MERIDIAN, OREGON Shent 112
DEPENDENT RESURVEY AND SUBDIVISION OF SECTIONS

Overview

The goal of this chapter is to let you know TPC has tools to do PLSS surveys and show you how
to get started.

Detailed instructions are included in the on-line videos for the PLSS and in the Cadastral Survey
help topics.

The PLSS tools are available only in the Professional Edition.

&To learn more about this topic
See PLSS — Public Land Survey System
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Geodetics and the PLSS

Starting a PLSS Survey o o) L —

When you start a new survey, you can select | Cooringle et Syden | e focon. | _ User Deiions |

PLSS options right from the start. These become S e Seew

the defaults for the survey. In essence, it becomes Fleneme

Creation Date 7-14-2011

a PLSS survey. Survey

1. From the TPC Desktop choose File | New rocaten
Survey to open the Survey Information dialog.

2. Left click the Survey tab. Enter PLSS for the don 1D Units Feet -
Filename and choose Feet for the Units. Cliert

3. Left click the Coordinate Reference System tab e
and select a Horizontal Datum, Zone and
Ellipse.

The CRS establishes the relationship between grid

coordinates and geodetic positions in

your survey. It determines the

convergence and scale factors that are User Defintions Ste Caibration Setbacks

computed for each point in the survey. Flsm"” S DR firect pcres

NAD 83 (2011)crs

In particular, it affects how your survey

will be drawn. In the east half of a State e R

Plane projection, a due west line will (Woson Noch - -

draw as sloping downward toward the Fect i tisen Qematend foot 05 Suvey o ..

south. This is what you would expect

on this projection.

1. Left click the Project Factors tab. Enter 4300.00 S S s
for the Elevation then select the Distance and Suney Suveyer Coordratz Reference System Project Factors
Direction Preferences shown here. Mapping ngle [Campute fromlocaten

Cambined Factr [ Compute rom ocaton

Notice that both the Distance and Direction pull ;”ﬁj‘> el

downs include a PLSS option. These match the § e

requirements in the BLM manual for true bearings . oot [FEHTZEEW ]

and ground distance at the project elevation. zEmw b voge 000 >

Zfactor |0.935734360 Grdfactor | 1.001184135

So now your survey is setup and ready to go for Feet Convergence 12 0605

the PLSS. Preferences

Distance |Geo Dist (at project elevation 4300.00 PLSS) w ‘

Direction [Trus Bearing (mean courss convergencs PLSS) ~]

Cancel Apply
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Geodetics and the PLSS

Choosing PLSS Distance and Direction Types

The PLSS specifies that surveys use ground distance at the project elevation and true bearings.
TPC accommodates this in its Distance and Direction types. These show up in three places within

the program. Let’s take a brief look at all three
in our sample survey.

1. From the Tasks View choose Sample
Surveys and double-click the Learn
Geodetics.trv file.

» Traverse View

1. From the Traverses Manager double click
the E-W True Bearing traverse to display its
Traverse View.

2. Press Tools | View | Format View to display
the Traverse View’s Format dialog and left
click the Advanced tab.

Make sure both Distance and Direction are set
to the PLSS options shown here. Notice that

we also set the Units to chains.

»COGO

1. From the TPC Desktop, choose COGO |
Random Inverse and enter points 201 and
202 as shown here.

2. Make sure dialog dialogs True Bearing and
Geo Dist in the title bar. If not, left click the
Show Options button and select the Distance
and Direction you want.

» Drawings

Fomat Decimals Advanced Fomat Fonts
[] Display Slope Distance Stations
[~ Compute Latitude./Longitude

[Check Curve Segments

Units ‘Chains Factor=66.00000000 v|
Feet-Meters |L).5. Survey Foot w
Distance |Geo Dist (st project elevation 1500.00 PLSS) |
Direction ‘True Bearing {mean course convergence PL5SS) v|
Cancel
Random Inverse (True Bearing, Geo Dist, Feet) l = ﬂf—]
Fiom 201 -5
To 202 |

True Bearing MB3°BI5E3"W Geo Dist 528000 Slope Dist £334.13

W Dist 3800.00 Wangle 3373222 Percent BE.29
| Hide Options | | Surmmary | | Clear | | Claze |
Options
Unitz Feet Factor=1.00000000 ¥ Feet-Meters Intemnational Survey Foot -
Distance Geo Dist [at project elevation 1500.00 PLSS) -
Direction  True Bearing [mean course convergence PLSS) -

1. In any drawing, choose Tools | Drawing Settings. In the Miscellaneous tab, set the Distance and

Direction to the PLSS options shown here.

You can also set the Units to Chains to match the annotations on a GLO plat.
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Working with Latitudinal Arcs
TPC’s geodetic capabilities include the requirements of the

PLSS.

Look for PLSS in the command name. In the COGO menu
shown here, three of the commands include PLSS in the -

command name.

Computations on the Latitudinal Arc

Look at the Offset to Line dialog shown here. By setting the
offset Type to North/South and turning on the Latitude Arc
toggle, TPC will compute the offsets from a

random line to the true East-West

latitudinal arc as prescribed in the PLSS.

Locating PLSS Routines ["Adjust Coordinates R
Some of the PLSS routines are not COGO routines.
) Compass
The Irregular and Grant Boundary adjustments are examples. ) Transi
They are included in the Adjust Coordinates command ) Crandal
available in the Closure View as shown here. The results of o eai Bardan TLEET
these adjustments are included in the Adjustment Details of ) Grant Bounday (PLSS) aK
the Closure View. )
Adiust Elevations Cancel

Geodetics and the PLSS

‘9 FPredetermined Areas... Ctri+P
| Offset Intenval (Line Posting].] PLss |
* Multiple Points... —TTi-m
- Corner Offsets...
Harizontal Curve... Ctrl=H
Fit Horizontal Curve...
{2 Spiral... Ctri=L
Single Proportior] PL5S
Double Proportiog PLSS
Offset to Line (True Bearing, Geo Dist, Feet) [ = &]
Line to Compute Offset To
From 202 v [} Toam « [} e

Bearing S83°53'53"E E]

Tangent

From vEJ Type Morth/South -

Latitude Arc I

Computed Point on Line

() [Edt ] [Save | [ Pt
Offset 0.00 Bearing NO'0DD0'E

Distance from Start of line  0.00

Show Dptions

Clear Summary | | View
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