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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 8 / 7 / Vista / XP and Internet Explorer Version
6.0 or later. We recommend you have 1 GB of RAM and 75 MB of free hard disk space in which
to install the program.

Important Licensing Information

Our License Agreement allows you to use TPC on only one computer at a time unless you
purchase additional licenses. We do offer one courtesy installation for an additional home or field
computer, but not for a second user and assuming that the two programs are not being used at
the same time. To request a courtesy license contact Traverse PC.
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Using the Learning Guide

Using the Geodetic Learning Guide
Welcome to the TPC Desktop Geodetic Learning Guide.1 t 6 s desi gned to hel p
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 ASCIl Files. Wi t hi n each chapter
by-step instructions on how to do the most common tasks like adding a line to a legend or adding
angled textto adrawing. We 6 ve al so included usef ul hints to
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.

o 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.

o 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.

o 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.

B 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.

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

g Menu commands only
For the most part, the Learning Guide will include something like, choose File | Save The bold

typef ace indicates text youbl |l see aclickthehFde meruitoe e n .
open it, then left-click the Savec o mmand t o execut e i t-clickko€dispeziice 0 me
item.

As you become familiar with Traverse PC Desktop you can also use the short-cut keys and tool
Geodetic Learning Guide 3



Using the Learning Guide
bars.

e 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 8.1, 8, 7 and Vista in this learning guide.

Windows 8 /8.1 Style Windows Vista / Windows 7 style
Rotate (True Bearing, Geo Dist, Feet) = = s

e What -2

[ Pratected Paints [ Protected Paints

Ratation Paint v Rotation Point v
From |NO"00'00"E 5| Enter the Degrees of From NO'0000"E Enter the Degrees of
ratation or the From rotation or the From

To |MOTO0'00E > and To directions and © b To NO°OD'00"E 5| and To directions and C b

° the Degrees will be 2 D the Degrees will be @

Degrees |0°00'00" computed for you.

0°00'o0” computed for you.
Close Degrees  0°00'00
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Introducing Geodetics

Introducing Geodetics

& This chapter demonstrates:

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

U Entering geodetic data

U Computing geodetic positions

Overview

I n this chapter weol | | ook at a survey i nbltlhet el
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

1) Choose Help|Sear c h For anH left-ciick Benirédex tab.
2) Scroll down to Geodesy highlight it and choose Display.

o Getting started

3) From the Tasks View choose Sample Surveys

4) Double-click the LEARN GEODETIC S.TRYV file.

5) Choose File | SaveSurvey As then enter the name Geodeticsand choose Save
6) If prompted to replace the existing file, choose Yes

Geodetic Learning Guide 5



Introducing Geodetics

How TPC Uses the State Plane Grid
Letds start by |l ooking 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

T Drwwing View - State Piane Limbert Grid 110° x 537 (Teaverse PC POF) (= e
ESE View Tools COGO Daw Inset B 5 m WOFIN g 4t s oe B T TE 0 3% 2
_—__ |
| | *,
‘ Central e
Meridian \
!\

IR AR M

|
|
|
\
\
-
s

\
|
ol
‘E?- |||‘
=14

P w4+ TR

o 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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Entering Grid Data
Letds take

a |l ook at

tithed.

Introducing Geodetics

straight Iine (grid

1) From the Drawings Manager, choose Grid 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 FAGTOR 0 2004'
1 420118.000  48°0549°N  117°17'03"W 2°38'33°  0.999942320 ™ ™
2 420118.000  48°0551°N  117°18'20"W 2°37'35"  0.999942316
3 420118000  48°0554°N  117°19'38"W 2°36'37°  0.999942312
4 420118.000  48°05%66°N  117°20'6"W 2°3539°  0.999942308
5 420118.000  48°05%68°N  117°2214"W 2°3442°  0.999942305
6 420118.000  48°06D1°N  117°23'31"W 2°3344"  0.999942301
N BT 25'47" W 52B0.68' N BT 24'50" W 5280.68" N &87°23'52" W 5280.68' M &7°22'54" W 528068 N B87°21'56" W 5280.68"
5 5 F 3 2 |

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

Geo Dist (at project elevation 1500.00 PLSS)

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.

Geodetic Learning Guide 7



Introducing Geodetics

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

T Tiaverse View + £:W Gid Beaing == ]
This traverse was e e ook o0 IR D BT MRT 0 AT g
H Pont Type [ God Beanng Gnd Dist Nurtheg Eastng Elevation Latituge Longtude Converge
e AL L ™= e YTCATE
a due west grid 2 SH0MO0UW 8000  p20118.000 2502130000 000  IBVSEIZTEN NTIE20L0FW 2T
bearin and 80 chains 3 SH0CT00W €0 00 20113 000 2£36350 000 0.00 480563 65TH MV 1EW 23637
d dg f h 4 £S0°0000°W 2000 MNB 000 1491570000 000 A8VSSE 023N HUTNSSEMTW 2353F
gri Istance for eac 5 SI0N000W 8000  B20113.000 2685200000 0.00  JBUESE AN NT2ZVERW 2UAY
point. 3 SH0'000UW 000  p0H3 000 FeE1010000 000  ABU0GDOTION HTRIIIMUIW 234
3) Choose View | =
Format View to , —
display the Traverse View Format e e
dialog. Then left-click the Advanced Fomat | Advanced
tab. [7] Display Slope Distance Stations
[¥] Compute Latitude/Longitude
. R I~ | Check Curve Segments
Notice webve told T —h-at—we—ar-e

entering a grid distances and bearings. Units Chains Factor=66.00000000 v
Given this information, all Direct and

Dist id Di i - v

Inverse computations will be on the grid. g il
Direction Grid Bearing {inverse grid coordinates) v
The Units just tells TPC that distances
are in chains, even thought the survey is
in feet.
o Note
U If you thought switching between grid and geodetic computations was going to be hard, think
agai n. I n TPC, you just select the distance an

easy geodetics are to use in TPC.

U You make the same selections in COGO and drawings so you always know what kind of data
you are working with.

8 Geodetic Learning Guide



Introducing Geodetics

Entering Geodetic Data
Letds take a ook at a Iine of constant | at

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.

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)

POINT ¥  LATITUDE  LONGITUDE GONVERGE GRID FAGTOR
101 420118126  48°0549°N  117°17'03'W 2°38'33" 0999942320 0 2898
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° 0999942320
105 419157.221 48°05'49°N 117°22'14"W 2734427 0.999942320
106 418920678  48°0549°N  117°2331"W 2°3344"  0.999942320
BT W SETRASW
87°24'50" W sermseW o SETEME A ——prae -
 SETSATW e SETEET T A —— s Y 5274.60
S — ~5274.94 o 5274.87

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.

Geodetic Learning Guide 9
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Introducing Geodetics

Entering Geodetic Distance and Direction

Let 6s

take

a

| ook

n o wgeamldtic déstaricé amcbdiregtom er at e d

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 419875330 48°05'49"N T17°1820"W 2°37'35"  0.999942320
203 419634.153 48°05'49"N 17 19'38"W 2°36'37"  0.999942320
204 419394 459 48°05'49"N 117°20'56"W 2°35'39" 0.999942320
205 419156244 48°0549'N  117°22'14"W 2°34'41"  0.999942320
206 418819.511 48°05'48"N 117°23'32"W 2°33'43"  0.999942320
J——— 5279.96' o
- 280.03 o = —0f
, 5279.96 o - 0 NS0 0000 W
. 5280.03 o> - —0 N 90"D0'00" W
. 5279.96 . ) 0 Na0-o000" W
o N 50-0000" W ’ N 50°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.

I n thi

S

exampl e,

we bdve

selected

true bearing based on mean course convergence).

10 Geodetic Learning Guide
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3) In the Traverses Manager, double click the E-W True Bearing traverse.

Introducing Geodetics

e : e

i TMMWY'\;M ‘ |_=1H_G_1@
This traverse was generated by | =% Y e o ERao & B @8 F e on®m . |
entering a due west geodetic Pont Type True Beanng Geo Dist  Elevation , Lattude Longttude Com_elgw |
b . T B fin nd 80 20t 1500 00 48°0548 B8N N7IT02 TO4'W 273833 |
ea'rlng( rue Bea g) a 22 N9O'CO'00'W 8000 500000 48°0548 881N NM71G20480°W 2°3735°
chains geodetic distance (Geo 203 S90'0000°W BO00 150000 4890548 BETN N7 25TW 27637
Dist) for each point. os | SIRTIRT
205 N90*00'00"W  80.00 150000 4E"0548BET'N M7 2Z713810°W 273841
206 S90'00°00°W  §0.00 150000 4870548 B8N MT"2331.586'W 273343
a NOte OP=203 F5=204 Mean course convergence
U Position the cursor over any
bearing or distance and | ook at the status

and TPC displays Mean course convergence the status bar, indicating the details of the

bearing type.

4) Choose View | Format View to
display the Traverse View Format
dialog. Then left-click the Advanced
tab.

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.

o Note

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

-
Traverse View Format

—————

[¥] Compute Latitude/Longitude
[ Check Curve Segments

Units Chains Factor=66.00000000 ~

Distance Geo Dist (st project elevation 1500.00 PLSS) v

Direction True Bearing hean course convergence PLSS) -

-
Traverse View Format

Advanced

[ Display Slope Distance Stations
[¥] Compute Latitude/Longitude
[7] Check Curve Seaments

Units Chains Factor=66.00000000

Distance

Direction Grid Dist {inverse gnd coordinates)
Ground Dist {Factor 1.000000000) enter value
Ground Dist (Combined factor 1. )
Ground Dist (at project elevation 1500.00)
Ground Dist {Mean course elevation)
Geo Dist (Bllipsoid Surface)

Geo Dist ?at Ero'ect elevation 1500.00 PLSSi
Geo Dist (Mean course elevation

Geodetic Learning Guide
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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.

o CRS Conversions

TPC uses the surveyds CRS (Coordinate Reference
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.

o Direct Geodetic Computations

When a new geodetic position is comput ed Difectom a
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.

o 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.

ocThaddeus Vi thEquatpiiss 19

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.

o 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.

12 Geodetic Learning Guide



Introducing Geodetics

o 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.

a 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.

B 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.

Geodetic Learning Guide 13



Selecting a CRS

Selecting a Coordinate Reference System
(CRS)

& This chapter demonstrates:
U Selecting a CRS for a Survey
U 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.

o Getting started

1) From the Tasks View choose Sample Surveys

2) Double-click the LEARN GEODETICS . TRV file.

3) Choose File | SaveSurvey As then enter the name Geodeticsand 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.

14 Geodetic Learning Guide



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.

1) From the desktop menu choose File | New

Survey. [Soreey intormetion —_——
2) After naming your file, click the Coordinate Sy Surveyer
Reference Systentab. TPC displays the CRS Coordnatn Refererce Sydem | Fraect Factom . | User Delintions
dialog. Nome  EEECTWREY -
3) Select the Name of the CRS you want to use 1 Zone  Vindergton Nodh - |
then select a Zone and Datum. | et Dotsn AD83 Foores = o
4) Click the Ellipse button to display the Ellipse Fest<osMeten @ himnatonalFoat ) US Scvey Fot
dialog. A P

Lambert Corformal Corec (25
GS

5) Change the ellipse values to match your
published values.

TPC sets the CRS for the new survey. Any
conversions between geodetic positions and grid
coordinates will now be based on the CRS.

oK Cancel

o Changing the CRS

6) From the desktop menu choose Tools | Survey Information.

7) Choose Coordinate Reference SystemTPC displays the CRS dialog.

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

9) 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.

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

Geodetic Learning Guide 15



Selecting a CRS

a 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.

o 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.

U 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 Elipse L8 oo
NAD83 uses the Geodetic Reference " e |
SyStem 1980 e”ipse. am‘e g £378137.0000000000000 ] l -
Semi-Major : IE
a Creating a New Ellipse SemiMinor §356752.3142443396000
4) Your CRS may specify a particular ellipse to Recipiocal Flattening  298.257223567224 | Dekete
use. If it is not in the list, add it with the New Flattening 0.0033528108647
button. Eccentricity Squared 0.0066343733301 [ Close
5) You will need the Semi-Major , Semi-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.

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

o User Ellipse File

7) TPC stores any changes you make to the ellipse list in a file called UserEllipses.dat found the
ProgramData folder.

U For more help on Ellipse settings, press F1 from the Ellipse dialog.

16 Geodetic Learning Guide



Project Factors and Preferences

Project Factors and Preferences

& This chapter demonstrates:

U Understanding project preferences
U Using project factors for distance

U Using project factors for direction

Overview

7

Survey Information

— -

z Survey [

Coordinate Reference System |

Mapping Angle 2°30°30"
Combined Factor 1.000000000
Elevation 1500.00

Preferences

Project Factors

Distance Geo Dist (at project elevation 1500.00 PLSS) v

Suveyor
User Definitions

e il Ue Beannd o

[ ok || cancel |||

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 Factorfor the
project to relate all grid and ground distances in the survey.

o Getting started

1) From the Tasks View choose Sample Surveys
2) Double-click the LEARN GEODETICS . TRV file.
3) Choose File | Save SurveyAs then enter the name Geodeticsand choose Save

4) If prompted to replace the existing file, choose Yes

Geodetic Learning Guide 17



Project Factors and Preferences

Project Preferences

The Distanceand 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 Coordinate
ReferenceSystemtab.

o Setting the Project Elevation

2) Enter 150000 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 elevatonasone of t he options. Donoét
elevation scale factor, TPC computes it based on this elevation and uses it when appropriate.

o Setting the Project Mapping Angle

4) Enter 2 A 3 0 fostte dMapping Angle (entered as 2.3030).]

5) Click OK to close the dialog.
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Using Project Factors for Distance

Project Factors and Preferences

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

o Drawing View

Letds start by |l ooking

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

2) Choose Tools | Drawing Settingsin the
Drawing View and left click the Miscellaneous
tab.

3) Expand the Distancelist and choose Geo Dist
(at project elevation 15@.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 $DISTANCETYPE.

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.

o Traverse View

-
Drawing Settings - Plan

41 t  Objegk Uebely )A[li RimgpsionsS é t Dfnaric =g Sl_ Ir

Migcellaneous | Leaders Clear Backaround Point

[ Plot Resections
[ Plot Backsights
[] Draw Outside Border

Distance Units

Extra Spaces in Bearings
[ Use D0 vs 0F for Bearings
Compute Area

Scale 2500.84 Rotation 0°00'00" Label Offset 0.02in

Units  Feet Factor=1.00000000 -

Distance

=0 Dist (at project elevation 1500.00 PLS!

~(Grd Dist (inverse grid coordinates)
Direction | Ground Dist (Factor 1.000000000) enter valus
Ground Dist (Combined factor 1.000000000)

[

Ground Dist (at project elevation 1500.00)
[T Over4 Ground Dist (Mean course elevation)
Geo Dist (Ellipsoid Surface

0

Text®, O Layer

SDISTANCETYPE

Insert: Y=412063.270 X=2483677.700 Z=0.00
Arial 015

6) In the Traverses Manager double click E-W True Bearing to open the Traverse View.

7) Choose View | Format View in the Traverse View and left-click the Advancedtab.
8) Pull down the Distancelist 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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Project Factors and Preferences

Using Project Factors for Direction
U True Bearing/Azimuth can be computed using the Mapping Angle.

o DraWing View rDrawing Settings - Plan seadon >‘ -

1) In the Drawings Manager, double click the | Object Labels Dimensions |  DynamicOffset |
True E-W Line drawing to open it in the Miscellaneous | leaders | ClearBackground |  Poin
Drawmg View. [¥] Distance Units [] Plot Resections

2) Choose Tools | Drawing Settingsand left click M Eara Saced s Reings I o Backsights
h M ” b || Use 00" vs 07 for Bearings [~] Draw Outside Border

the Miscellaneoustab. B Coriputs e
3) Expand the Direction list and choose True Scale 2300.84 Rotation 0°0000"  Label Offset 0.02in

Bearing (at projectmappi ng ang.l e [[2A306300

Units Feet Factor=1.00000000 v

You just told TPC to label the drawing using the Distance Geo Dist (&t project elevation 1500.00 PLSS)
mapping angle you entered in the Project Factors
dialog.

Direction | I ER:EE

Grid Bearing (inverse grid coordlnates)
True Bearing (mean course convergence PLSS) ‘

4) Find the text shown here in the bottom half of B OverTrue Bearg
the drawing and place your cursor over it. The —
tooltip shows the drawing variable
$DIRECTIONTYPE.

5) Enter the $DIRECTIONTYPE variable Lok

anywhere in a drawing as a text
object and TPC will display the
direction type selected for line

00" entef value

Text®, O Layer

SDIRECTIONTYPE
labels. Insert: Y=412833.188 X=2483677.710 Z=0.00
Arial 0.15
o Traverse View V

6) In the Traverses Manager double
click E-W True Bearing to open the
Traverse View.

7) Choose View | Format View and left-click the Advancedtab.
8) Pull down the Direction list and choose True Bearing (project mappi ng ang.l e 2A30:¢

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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Project Factors and Preferences

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

e 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.

0 The Traverse View status bar doesndt display a

o 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)
U The Traverse View status bar displays "Combined Factor = 0.9999865".

oGround distance (at project elevation = 1,

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)
U The Traverse View status bar displays "Project Elevation = 1,500".

o 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)

U The Traverse View status bar displays i Mean Cour se El evationo
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http://localhost/distance_types.htm
http://localhost/direction_types.htm

Project Factors and Preferences

o 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)

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

B Geodetic Distance (at ellipsoid surface)

Geodetic distance (at ellipsoid surface) = ground distance measured at ellipsoid surface

0The Traverse View status bar displays AEIlipso

oGeodetic distance (at project elevation =

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

0 The Traverse View status bar displays AEIl evati

o Geodetic distance (mean course elevation)

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

UThe Traverse View status bar displays AMean <co

Direction Types

o 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.

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

o 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.

U The Traverse View status bar displays i Mean cour se convergenceo
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Project Factors and Preferences

o 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-
di splay the list with your mapping angle. Remem
would be entered as 2.3030.

U The Traverse View status bar displays "Mapping angle = X°XX'xx

a True Bearing (project mappingang | e x Ax x
This direction type uses the project mapping angle.

XX" 06)

The Traverse View status bar displays "Project mapping angle = x°xx'xx" ".
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Latitude and Longitude

Latitude and Longitude

a This chapter demonstrates:

0 Working with geodetic positions in the Point Manager
U Understanding geodetic positions in the Traverse View
U Importing and exporting geodetic positions

Overview

Points 3
4 Y= Tasks r": TFEVEI'SE}/Y 2 Points T : Drawings I
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
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

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

1) Choose Help | Search For Help Oré and left-click the Index tab.

2) Scroll down to Geodesy highlight it and choose Display.

o Getting started

3) From the Tasks View choose Sample Surveys

4) Double-click the LEARN GEODETICS .TRV file.

5) Choose File | SaveSurvey As then enter the name Geodeticsand choose Save
6) 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 Poants x|
information about points just like it displays | * 92 ik | % Taene 35 Foints | Ousings b
coordinates. fools = C0G0 0o MBE, TR AF N\ =,
Vl;snv: Lantude Longitude  Comverge  Gnd Factor Stafus
1) In the Point Manager, choose Tools | 1 ABOS4BBETN NTHT02704°W  2°3833° 0999942320 E
View | Format View to display the 2 AG°551.276°N TS0 409 W 297357 0.993M2316 E
Point Manager Format dialog. 2 AR WISETN SILCURIIW | elol Sammeet) E
4 48"05%56.023 N 2'3539" 0999942308 E
2) Change the Display Sequencdo PyxwsJ % #&0sss i 117z FAY S L
and choose OK. , prodeepocchigied: W 2% 599042298 E
3) TPC now displays the geodetic :g: 42;1: 81:: 1:::2 el:i ,;s;; ¢ /:;::7;?\': £
. . . 4305 862 NTTOE2 631T"W 2'36 0999942320 E
Informatlon abOUt the pOIntS' 102 4870548 882N 8 W 2’3735 099994230 E
) ] 102 g 2'36737° 09992320 E
o Geodetic vs. Grid Precedence 104 48 19942320 E
4) Notice that the Status column includes st Rl e
the letter G. This indicates that these 107 48°054B88ZN NT2INUTW 23T (
p0|ntS Were Created by enterlng Or N4 ADNCAR DR LETEATOD TR eaxl bl A GOO004YTMW

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

5) 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.

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

o Editing Geodetic Positions

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

o Adding Geodetic Points to the Survey

8) 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.

o Protecting Geodetic Positions

9)To protect a pointds posit iToams|Motify Bdints|PgotettOrt. h e
I f the geodetic position has precedence, thateé
coordinates will be protected.

Protecting points ensures they cannot be modified without explicit steps to do so.
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Latitude and Longitude
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 its Traverse View, 7 Troverse View - E-W Trut Basring s f@s
choose View | Display Raw Bt view Toon 060 PSOM L8T3S\
Data. Your Traverse View Pomnt Type Trwe Beanng Geo Oist Elevatson Latitude Longude Coemverge
should look like this. por 1 | | jresdesitn OEEETEITRONC 3533 |

. . 1| 202 S90°0000°W  80.00

3) Notice that this traverse 203 SS0°0T00W  80.00
starts with a geodetic 204 S900000'W  $0.00

it H 205 SH0'0T00'W  30.00
pos't'o'.‘ for p.o.mt 201. The 206 S90°0000°'W  £0.00
geodetic positions of points
201 through 206 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.

o Entering Latitude and Longitude

4) The Latitude for point 201 was entered as 48.054888N or just 48.0548881.

5) The Longitude for point 201 was entered as 117.170270%. An upper-case or lower-c as e 06 wd
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.

o Checking the Distance and Direction Type

6) Inthe Traverse View choose View |
Format View to display the Traverse

View Format dialog. Left click the Format | Decimals | Advanced

Advancedtab. [] Display Slope Distance Stations
The Distanceand Direction types direct (] Compute Latitude/Longtude
TPC to compute this traverse [[] Check Curve Segments
geodetically.

Units |Chains Factor=66.00000000 w
o A Word About Raw Data

. . Distance |Geo Dist (zt project elevation 1500.00 PLSS) W
The bearings and distances entered for
this traverse are raw data. In a Direction | True Bearing (mean course convergence PLSS) v
traver se, the raw ata values donot

change.

Selecting geodetic distance and direction types causes TPC to treat the raw data as geodetic
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

Latitude and Longitude

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.

B To Import Geodetic Positions

1) From the TPC Desktop choose File | Import . If
prompted to save the survey choose No.

2) From the Type list, choose ASCII.

3) Left click the small ellipse box to the right of the
list to display the ASCII dialog.

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

5) Browseto the file you want and choose Import .

We 6 v e gl an aebitrdryeformat 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.

o To Export Geodetic Positions

ASCH Inckin
|
el Pl Wl
Fomat P1EDA Yelicitrwg
. {a:rrq
Ford labe modber ZwE v aton
DD escripher
Coo b 1 <Lattude
Overrene Coordnate: Galorghude
| v A puorids 4o birwze R 1 |
Irchads Nodas [
Detads I
SN T Ewenaon  “ASC
Forrrw PIGDY
Exchude pordt labels Savn
Max desotionvadh 00 Recal
Wit separate tryserze fles
Include Note:
A o | |‘
Wike 20102 3¢ blards [
X - |
Exciude Staton Ports Canced

6) From the TPC Desktop choose File | Export. If prompted to save the survey choose No.

7) From the Type list, choose ASCII.

8) Left click the small ellipse box to the right of the list to display the ASCII dialog.
9) Change the Export, Format field to P, T,G,D\ and choose OK .

Export

10)Select the points you want to export
from the What list.

11)Enter a File name or Browseto a

Type

folder. R T L |
CAFRDGAAMDATANTRAY CATPCDESKTOP A 1\SAMPLES\LEARN GEODETIC CONCE
12)When you are ready to write the file, o [ e} e
choose Export. :
13)Choose Previewto look at the file you
just exported.
| Show Diect Conrmetion 4! AutoSave befoie | Exoe | | Dose ‘

L

Whe IR

b S A
2 Tagoed tess i Travweos Manager
Emee Tiverse EW Tive Beaing
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Geodetic Closure and Area

& This chapter demonstrates:
U Geodetic closure

Geodetic Closure and Area

U Geodetic area

Overview

When it comes to closure and area, the
differences between Cartesian
coordinates and geodetic positions

- ,, Saction Area ?

€10 30T Ases

l "

raisesitsugl y head. It 6s

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.

at this point that

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.

o Getting started

1) From the Tasks View choose Sample Surveys
2) Double-click the LEARN GEODETICS . TRV file.

3) Choose File | SaveSurvey As then enter the name Geodeticsand choose Save

4) If prompted to replace the existing file, choose Yes
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Geodetic Closure and Area
Geodetic Closure
1) In the Traverses Manager, double click the Sections Areatraverse to open its Traverse View.

This traverse was created by entering O Vrmverca View - Saction v e
geodetic distances and directions. Bt Wiew Tooh 060 B P + BT @R T LR g
BeC.ause I.t is a PLSS Sgrvey, dISt.anceS Port Type True Beanng Geo Dist Lattude Langtude Comvarge
are in chains at the project elevation of froo | I T R PR PR
1,500 ft. 401 NODUDOE 8000  AB'064098ZN NTATOZ AW 23B3F
402 SS00000"W 8000 48°06'40 982N 1971820 502°W 27375

) 402 SOOTO0E 8000 A8°0548 881N 11TU1820 475°'W  2°3T35°
Notice that the course from 402 to 403 404 SIO000UE 8000 480543 BSIN 1TITO2703W 2833
contains a 16 (one minute) convergence
per the original GLO notes. r5ea00

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

B Clotore View - Section Arey [ -2 [l
Ede View Tooh | %00 [, 4|0 a 017 ¢
| ¥ Closare Viev - Sectiocn Area ])
Chainz Factor~66 00000000
Geo Dist (at project elevation 1500 00 FLJJX
True Bearing (mean course convergence PLSS
[ Traverse Sussary ]
Closed Loop S Pointas From 400 To ¢04
Horizomtal Daistance. 320 00 Chains Slope Distance 320 00 Chains
Ares: 27878104 04 SqFt 639 993 Acres
[ Error Susasary ]
Relative 1:3111456 Linsaex 0 .00 Chains (0 07 Feet) Dizection S79722°07"V
Nerthing 0.00 Feat Easting 0 07 Feet Elevation. (.00 Feet
Angular . Bone
[ Bectangular Limats (FLSS) |
Latstude 1 3525475 Departure 1 162734
[ Clozing Poants |
Point B thing sting Elevation Latitude Longitude
From 400 2 7.9 07409 984 1500.00 48°05° 49N 11?'17'01'V
To 104 7410 051 500.00 487057498 117°17'03°%
Correct 100 07409 254 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.

o 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.

Geodetic Learning Guide 29



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.

o 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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& This chapter demonstrates:
U Choosing distance and direction types

Geodetic Cogo

Geodetic COGO

i

-
Random Inverse (True Bearing, Geo Dist, Feet)

2

=

i
i
Overview

The COCO routines in TPC are
completely aware of grid coordinates
and geodetic positions. They know that
the length of a geodesic is not the
same as the length of a straight grid
line between the same two points.
They also know the difference between
a grid distance and a ground distance.

Some dialogs also include PLSS

From 201
To 202

True Bearing NB89°59'59"w/ Geo Dist 5280.00 Slope Dist 6334.13

W Dist 3500.00 V Angle 33°3222" Percent 66.29

[ HideOptions | iSummaryl | Clear ] ‘ Close

Options
Units Feet Factor=1.00000000

¥  Feet-Meters Intemational Survey Foot v

Distance Geo Dist [at project elevation 1500.00 PLSS)

v

Direction  True Bearing (mean course convergence PLSS) v

constraints to work on a latitudinal arc.

Geodetic distance and direction options
are not available in the Personal Edition.

o Getting started

1) From the Tasks View choose Sample
Surveys

2) Double-click the LEARN
GEODETICS.TRYV file.

3) Choose File | SaveSurvey As then enter
the name Geodeticsand choose Save

4) If prompted to replace the existing file,
choose Yes

Offset Interval (True Bearing, Geo Dist, Feet) El_l—g—hj

- e

‘Wihat Entire Traverse: Random Line

Line to Compute Offsetz To
Ta

E |

Fram -

- El Lire El

Select the end point of a line or enter Bearing

E |

Bearng NO'00'00"E

Computed Paints on Line

Save Offzets a3 Side Shots - offsets are re ingerted inta the original traverse
az sideshots which are automatically recomputed along with the traverse.

Create a Mew Traverse which includes each offset and it's coresponding
Point on Line.

Type Perpendiculal « Latitude Arc Add Offsget Label to Description
Label “OFS Meut Label| Desc

Hide Options ] | Surmmary | Compute Close
Options

Distance Geo Dist [at project elevation 1500.00 FLSS)

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 201and 202into the dialog
as shown here.

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

4) Select the Distanceand 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.

TPCb6s COGO dial ogs
show what distance and direction they are

go

using for their computations, even if you hide the Optionss e ct i on

look at them.

o Dialog Title Bar

.
Random Inverse (True Bearing, Geo Dist, Feet) =] 2 S
From 201 v a
To 202 ey
True Bearing N89°59'59"w/ Geo Dist 5280.00 Slope Dist 6334.13
W Dist 3500.00 WV Angle 33°3222" Percent 66.29
[fide Options | [ Summary | [ Clear | [ Close |
Options
Units Feet Factor=1.00000000 ¥  Feet-Meters Intemational Survey Foot v
Distance Geo Dist (at project elevation 1500.00 PLSS) v
Direction True Befring [mean CT’Lirse conyergence PLSS) v
out way t o
of the dialog.

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

coordinate Units being displayed.

o Field Names

TPC updates the field names like True Bearing and Geo Distto match the Distanceand Direction

types selected.

B Summary

Edit Wiew Tools

m H= DA A-

= Report View - PL55-12.doc (CAUSERSWOHN BALCOM\DOCUMENT... [ o || & |54

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

Notice that the summary includes
more information than was

From: 201

To: 202

[[ Random Inverse (True Bearing, Geo Dist, Feet) ]]

Y=420117.985 X=2507410.001 Z=1500.00
Lat=45°05'48.881"N Lng=117"1702.704"W Comv=2°38733" Factor=0.9999423

Y=419875.344 ¥=2502136.263 7=5000.00
Lat=48"05'48.881"N Lng=117"18"20.480"W Com=2°3735" Factor=0.9999423

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.
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Geodetic Drawings

Geodetic Drawing

o This chapter demonstrates:

0 Setting the distance and direction types

U Documenting geodetic labels

U Including geodetic positions in point labels

U Including geodetic positions in the Point table

i wanrepru 18 1 Emdern Washngion
WHSM COVATDaNCE (8 pOsEfm

) ‘ Stave Flane god TRUE Weat bne
Overview !
Switching a drawing from grid ¥
coord_mates to geodetic positions is Troe Beorig (Tmesn conrse conpergesos PLES) :
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 templates

1) Choose Help|Sear c h For anH left-ciick Beniréex tab.
2) Scroll down to Geodesy highlight it and choose Display.

3) Choose Drawing Geodetic Dataand choose Display.

o Getting started

4) From the Tasks View choose Sample Surveg.

5) Double-click the LEARN GEODETICS .TRV file.

6) Choose File | SaveSurvey As then enter the name Geodeticsand choose Save
7) If prompted to replace the existing file, choose Yes
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Geodetic Drawing
Setting the Distance and Direction Types

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 [ Draving Settings - Pian S
| Dravying Settingsand left click [ Obeciisbes | Dmensons. | DynamicOfisst | interor Ane
the Miscellaneoustab. Miscelaneous | leaders |  ClearBackgound |  Point Label Fomnat
The Distanceand Direction are the BiCance s =~ I P Reseciond
keys 1 Graving geoet daa . ATTae.
3) Select Chains Factor=66.0000 W Comp e
from the Units puIIdown. Scale 2900.84 Rotation 0°00'00" Label Offset 0.02in =
4) Choose OK to return to the Units -
drawing. Distance Geo Dist (at project elevation 1500.00 PLSS) -
Take a look at the east end of the Escspe o ey ot e o

line and the Section Area traverse.
[T} Over-ide Traverse Settings @
o Line Labels

Notice that the bearings are due
East-West, even though the line is

obviously not hori'kontal. That 6s ok J[ Coned
because geodetic lines are plotted as —
arcs on a Cartesian grid.
80.00CH

TPC also changed the distance labels to quz S 50°0000" W 1401
chains because we changed the units to
chains. These distances are also at the
project elevation of 1500 feet. " : = @

s|z Section Area 3|2
@ Lot Labels S|§ 630997 Acres 5|3
The Section Arealot label displays the area m| "
of this traverse as 639.997 Acresor about
640 Acres as we expect. This is the area of \L o0 eeH L -
the section at the project elevation of 1500 ., 80.00CH 5 — T E —O400
feet. y S50°0000° W 403 S 90°00

U Note: Just setting the distance and

direction types in one place updated all the labels in the drawing. The area computation is
based on the distance type selected.

U You can rotate the survey on the drawing page so that it is horizontal by choosing Tools |
Rotate Survey on Pageand following the on-screen instructions.
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Geodetic Drawings

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

5) Choose Draw | Text.

6) Left click any blank spot on the drawing.

7) Type $DIRECTION TYPE and press [Enter] twice.

8) Notice again that TPC replaces the drawing variable you just typed with True Bearing (mean
course convergenc®LSS)

o Drawing Templates

9) Choose Tools | Drawing Settingsand change the Distanceor 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 Drawing

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 Deleteto
remove the table.

2) Double click any point label in the
drawing to display the Traverse
Drawing Settingsdialog 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.

Traverse Settings - E-W True Bearing [ _EK_
Control Points | Curves / Spirals | Fil | Side Shets | Lot Labels | Advanced |
Lines
Fort I Arial + 0.08in 5| Nomal @«
line  Solid® - —00 -
Distance Above ~  Direction Below A [[]Grade

[[] Use Commas to Separate
Points
Fort T Arial

Imterval 1 $

Angle 40°00°00"

TPC adds the geodetic position to each point label. In the

example shown here,

wedve set

degrees so the point label information would be separated from

the East-West line.

a Moving Point Labels

5) To move a point label, drag-and-drop it with the left mouse

button.
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Clear Background

Leader Spit

~ 008in MNormal

Point [ Description []Z [C]Y/X Lat/lng []Station | Format Label

[ Draw Clasing Pairt

B
420 80.00CH

-

the point | abel
o
_3\@“’
7
i
":‘xx

[l 30 o nrna" W
K S 800000




Including Geodetic Positions in the Point Table

You can also include point labels in a
Point Table. The advantages are that the
point | abels donét
you can include additional geodetic
information about each point.

o Inserting a Point Table

1) In the Drawing View, choose Insert |
Point Table.

2) Set the Styleto 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.

o Referencing Points

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

In the example shown here, we did
NOT include the letter P in the Format.
This tells TPC to use the point label
itself to reference the points. So you will
see 206 in the Point column and next to
the point in the drawing.

If you had included the letter P in the
Format, TPC would have used
references like P1, P2, P3, etc. and
included the original point labels in the
Label column.

o Editing the Point Table

c

Calor l Black
Line

Font T Arial

—nom"

» 01000 5

Style &l

Farmat  waws

Geodetic Drawings

[ Barder

Normal

CHpoge From:

Hold  Upper Left
Columne 1 =

Delimiters -

-

Spacing 0300 =

P=Paint

#=F agting
“'=Morthing
Z=E levation
Di=Dezcription
M=Station
y=Latitude
w=Longitude
z=Fllinze HE

| |

Cancel

J |

This example is in Eastern Washington
where convergence is positive.

POINT LATITUDE LONGITUDE CONVERGE GRID FACTOR
201 48°05'49"N 117°17'03"W 2°38'33"  0.999942320
202 48°05'49"N 117°18'20"W 2°37'35" 0.999942320
203 48°05'49"N 117°19'38"W 2°36'37" 0.999942320
204 48°05'49"N 117°20'56"W 2°35'39"  0.999942320
205 48°05'49"N 117°22'14"W 2°34'41" 0.999942320
206 48"05'49"N 117°23'32"W 2°33'43" 0.999942320
400 48°05'49"N 117°17'03"W 2°38'33" 0.999942320
401 48°06'41"N 117°17°03"W 2°38'33" 0.999942260
402 48°06'41"N 117°18'21"W 2°37'35" 0.999942260
403 48°05'49"N 117°18'20"W 2°37'35"  0.999942320
404 48°05'49"N 117°1703°"W 2°38'33" 0.999942320

80.00CH o

80.00CH —01

B000CH P 50000 W 350000 W

TN NN WAL

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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Transformations

& This chapter demonstrates:
U Transforming points
U Transforming selected points

i Computing geodetic and grid coordinates for a single

Transformations
Transform Coordinates ) Qy‘
\Whal Erdis Suavey B |

pOInt From Covmbnadn Rubeawrecn Sydwn [TRS) |
CRS Nalad (Conur) -
i Changing the survey units Zone: aslioghor Nah -
U Flyie ‘
) Famil oy Wiz @ Inteniasordl Fost U3 Survey Foot
OVeereW Ta IJ'C-;;:.(-L-;.:Inun.a,,uu',&-i| - ’
TPC provides a number of tools to help you keep all ‘ Zor Zirm 10 NeE =
your points on (Cdordinakur veyédls CRS o
REference SyStem) Test < Mems O IrbandindFol L5 Suswg Fod
You may have said something ike, AAlEdGMYe.2p o0
on the same grido, meaningl they are all Staft
coordinates or maybe you are just using a - _ _ |
local grid with its origin at 5000/5000. B 02> Geodeti Trvm Bewmg Geo Ot Feet) [ [ ecntit e
Gad Geodely

U Note: | Port 201 v Port -l
The transformation between NAD27 and i 420112.964 (TP

NAD83 invol ves a
transformations do not include. These
transformations require an additional
translation to account for the shift.

dat um

s hip ftf==wh i c heul P'CHs

Theta 273233 Toctdnate Refmence Spstem

Grd Factor 0533542320 P

Slammary G|

$ To learn more about drawing templates
1) Choose Help|Sear ch

F o r and left-cfick tBenirédex tab.

2) Scroll down to Coordinate Transformations, highlight it and choose Display.

o Getting started

3) From the Tasks View choose Sample Surveys
4) Double-click the LEARN GEODETICS .TRYV file.
5) Choose File | SaveSurvey As then enter the nam

e Geodeticsand choose Save

6) If prompted to replace the existing file, choose Yes
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Transformations

Transforming Points

If you have selected a CRS like NADS83, 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.

The From setting displays the current CRS. et Corenmaes [EA)

3) Select the CRS you want in the To section What Entire Survey -
and choose ComPUte' From: Coordinate Reference System [CRS)

If you have the Point Manager or any Traverse CRS NADS3 (Canus) v

views open, they will display the transformed Zone Washington North =

coordinates. (o]

The coordinate transformation may have Feet<=> Meters @ US Survey Foot

changed the coordinates of some survey points. T i Ebodte Hoeence Spstem [,:HS]
I f you dondét see your slurveeymwm i n Drawing Vi,ew,
left-click Drawing View to activate it and choose

. Zone Zone 10 North -
View | Zoom | Zoom Extents The Zoom Extents e
allows the Drawing View to catch up to the | Elise.. |
transformation. Feet <=> Meters @ Intemnational Foot () US Survey Foot
After you Compute the transformation, the dialog Close

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.

L

Transforming Selected Points

If you select Entire Survey from the Whatl i st , TPC updates the surveyd¢
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 [ ransform Coordinates R
selecting the appropriate item from the What list.
Whet ETETRE] ~Jee

The items listed here change as you select and an Vi o |

H H : nlue raverse: Section Area |
tag items in the managers and views. If you S Tadned e T cAveISS MaRALS: -

A Tra rsepys ection An i |a

dondét see what you want g@nmemem;qﬁueEgvﬂee 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 | Gridé Geodetic

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

[ ol €=> elic [Trun Baer: G oy s .
3) Enter a Geodeticposition and TPC will Ged <=> Grodeic lva Sy CoS D o
compute the equivalent Grid coordinates. o ) | b =
4) To use a CRS other than the current y 42017954 Lty STISEIN
survey CRS, choose Coordinate Reference , | ERlE Congiude 117170TW
Systemand select the appropriate CRS. i - : :
TPC does not update the current survey gy = Eacednds Refments Sy
CRS based on this selection. The CRS you Grd Factor  0.993342320 e e—
choose here is for the sole purpose of — =
doing this single conversion.
5) Choose Close
U Note: You can NOT save the CRS settings you choose herebecause t hi s i s a &done

conversion.
U You can enter or pick the Grid Point or the GeodeticPoint, but not both simultaneously.

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

If youfindthatyoursur vey is not in the units you want, b
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.

Thatdéds it. Your survey units are now changed.
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Geodetics and the PLSS

Geodetics and the PLSS

& This chapter demonstrates:

0 Starting a PLSS survey

U Choosing PLSS distance and direction types
0 Working with latitudinal arcs

U Preforming a lost corner restoration

TOWNEHP 28 SOUTH FRANGE 9 EAST, OF THE WLLAMETTE MERIDIAN. OREGON
T EY A ARy LR S N

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
1) Choose Help|Se ar c h For andleft-cfick tBenlrédex tab.
2) Scroll down to Cadastral Surveys highlight it and choose Display.
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Geodetics and the PLSS

Starting a PLSS Survey

When you start a new survey, you can select
PLSS options right from the start. These become
the defaults for the survey. In essence, it becomes
a PLSS survey.

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

2) Left click the Survey tab. Enter PLSSfor the
Filenameand choose Feetfor the Units.

3) Left click the Coordinate Reference Systentab
and select a Horizontal Datum, Zone and
Ellipse.

J2m

Survey I Surveyoe

Coordnide Rfannce Syvtem Frogct Factors Leer Defrton
The CRS establishes the relationship between grid Nome NSRS -
coordinates and geodetic positions in your survey. Zore  Washigon Mo -
It determines the convergence and scale factors Hotocrtn Dusrs  NADED Lonua) - [ o
that are computed for each point in the survey.
Faet c»> Nataey @ rtemutore Foot US Survey Foat
In particular, it affects how your survey will be e A
. . Certral Mendian: 120°5000 0O'W
drawn. In the east half of a State Plane projection, Fberwcs Lattude. 470050 257N
. . . Noth Paalled £3°4400 00°N
a due west line will draw as sloping downward Sauh Faradel: 473000 0N
.. faise Eamng 500000 Meters
toward the south. This is what you would expect on Folse Nerther O Maters
this projection.
. . o« ]| |
4) Left click the Project Factorstab. Enter - ; w
4300.00for the Elevation then select the Suweylnfomaﬁ_ )

Distanceand Direction Preferences
shown here.

Notice that both the Distanceand Direction
pull downs include a PLSS option. These
match the requirements in the BLM manual
for true bearings and ground distance at
the project elevation.

So now your survey is setup and ready to
go for the PLSS.
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Survey l Surveyor
Coordinate Reference System | Project Factors | User Definitions

Mapping Angle 0°00'00"
Combined Factor 1.000000000
Blevation 4300.00
Preferences
Distance Geo Dist (at proj'edrelevaﬁon 4300.00 PLSS’
Direction




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
ef |

the program.Let 6 s t ake a bri

1) From the Tasks View choose Sample
Surveysand double-click the LEARN
GEODETICS.TRYV file.

o Traverse View

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

3) Press Tools | View | Format Viewto
display the Traverse Viewd Bormat
dialog and left click the Advancedtab.

Make sure both Distanceand Direction are set
to the PLSS options shown here. Notice that
we also set the Units to chains.

a COGO

4) From the TPC Desktop, choose COGO |
Random Inverseand enter points 201 and
202as shown here.

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

o Drawings

6) In any drawing, choose Tools | Drawing
Settings In the Miscellaneoustab, set the
Distanceand Direction to the PLSS options
shown here.

You can also set the Units to Chains to match the

annotations on a GLO plat.

ook at al |

Format | Decimals | Advanced

[ ] Display Slope Distance Stations
Compute Lattude/Longitude
[] Check Curve Segments

Units |Chains Factor=66.00000000 w

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

Direction | True Bearing {mean course convergence PLSS) W

NANUUIT HIVETSE |11UE DEANNY, JtU WISy, TEe) T e—
From 201 v E]
To 202 -3
|| True Bearing N89°59'59"w Geo Dist 5280.00 Slope Dist 6334.13 Il
V' Dist 3500.00 Y Angle 33°3222" Percent 66.29
[ HideDptions | [ Summary J [ Clear ] l Close J
Options
Units Feet Factor=1.00000000 v  Feet-Meters Intemational Survey Foot v
Distance Geo Dist (at project elevation 1500.00 PLSS) v
Direction  True Bearing [mean course convergence PLSS) v
r
Drawing Settings - Plan
| Object Labels I Dimengions | Dynamic Offset I
Miscellaneous | Leaders | Clear Background I Poin

Distance Unitz

Extra Spaces in Bearings
[ Use DO" ve O° for Bearings
Compute Area

[ Plot Resections
[ Plot Backsights
[ Draw Qutside Border

Scale 2900.84 Rotation 0°00°00" Label Offset 0.02in
|| Unis -
Distance Geo Dist (@t project elevation 1500.00 PLSS) -

Direction True Bearing {mean course convergence PLSS) -
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Geodetics and the PLSS

Working with Latitudinal Arcs
capabilities

TPCo6s
PLSS.

geodetic

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

-

Offset to Line (True Bearing, Geo Dist, Feet)

i “@ Predetermined Areas... Ctri+P
i Offset Interval (Line Posting).J pLss |
7 Multiple Points.. =M
- Corner Offsets...
r_' Horizontal Curve... Ctrl=H
Fit Horizontal Curve...
{2 Spiral... Ctri=L
Single Proportior] PL5S
Double Proportiog PLSS

Line to Compute Offset To

Some of the PLSS routines are not COGO routines.

The Irregular and Grant Boundary adjustments are examples.
They are included in the Adjust Coordinates command
available in the Closure View as shown here. The results of
these adjustments are included in the Adjustment Details of

the Closure View.
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From 202 v ) To2m
Bearing 589°5959"E E} Tangent
From vE] Type Noth/South  + fiiLalitudeArcl
Computed Point on Line
Edit ave Plot
Dffset 0.00 Bearing NO'00'00"E
'| Distance from Start of line  0.00
Show Options ‘ Clear j [Summary iew [ Close
4
-
Adjust Coordinates lilé
Compass
Transit
) Crandall
© firegular Boundary (PLSS}
Grant Boundary (PLSS) I__L]
|¥] Adjust Elevations Cancel
L Il
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