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Welcome

Congratulations on your decision to purchase a Tripod Data Systems
product. TDS is serious about providing the best possible products to
our customers and know that you are serious about your tools. We are
proud to welcome you to the TDS family.

Survey Pro can be run in three modes: Conventional, Leveling and
one of two versions of GPS. The first portion of this User's Manual
explains how to get started with Survey Pro no matter which mode
you are running in. Conventional surveying examples start on Page
57, which are useful when performing traditional surveying methods
with a total station. Leveling mode is discussed on Page 201. The last
portion of the User's Manual explains how to perform GPS surveying
and starts on Page 221.

The TDS Survey Pro team is continually improving and updating
Survey Pro. Please take a few minutes to register your copy so that
you will be eligible for upgrades. You can do this either by completing
and returning the product registration card or by visiting our Web
site: www.tdsway.com.



http://www.tdsway.com/�




Getting Started

TDS Survey Pro is available with the following modules, each sold
separately:

Standard

Pro

Basic GPS

GPS

Robotic

Leveling

Trimble System Extension

Throughout the manual and software, it is simply called Survey Pro.
For a listing of which features are included in each product, contact
your local TDS dealer.

This manual covers the routines that are available in all of the
different modules.

Manual Conventions

Throughout the Survey Pro Manual, certain text formatting is used
that represents different parts of the software. The formatting used
in the manual is explained below.

Fields

When referring to a particular field, the Field Label, or its
Corresponding Value is shown with text that is similar to what you
would see in the software.

Screens and Menus
When referring to a particular screen title, the text is underlined.

Buttons
When referring to a particular button, the text is shown in a

Button Format |, similar to that found in the software.
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Survey Pro Installation

Survey Pro is installed from the Installation CD running on a PC. It
will load Survey Pro and then install it on the data collector with the
next ActiveSync connection.

1. Turn on the data collector and connect it to your PC. If you are
using ActiveSync it will attempt to make a connection.

2. With an ActiveSync connection, you will be asked if you want
to install TDS Survey Pro. Answering YES will install the
application on the data collector. An installation routine will
also run on the data collector to complete the process.

Registering

After Survey Pro is installed, the Standard Module must
be registered for Survey Pro to be fully functional. If it is

f.'.l Sury

This copy of Suryey Pro is not

not registered, Survey Pro will only run in demo mode, registered!

Whlch means aI_I jOl?S will be limited to no more than 25 You can either:

points, anq lf_a pr is stored on the data collector that Register the software _

exceeds this limit, it cannot be opened. modules you have Register
purchased. Modules...

If you start Survey Pro and the standard module has not

yet been registered, the screen shown here will open. Tap | or:
Rur in Demo Mode.

the | Register Modules... | button to access the Register vou wil be mited o Run in
Modules screen. To run in demo mode, simply tap storing 25 paints, but | Demo Mode
yoLl will be able to Lse
Run In Demo Mode | all of the available
rmodules.
To register your Modules, tap the | Enter Registration|
button. 7 1




,i'.! Registeriz

Serial Nurnber:
CS13A00030

Modules ————— ¥ = Registered

Standard

Pro

Robotics

Basic GP5

GRS

Lewveling

Trimble Systern Extension

Current Code:

‘ Enter Reqgistration Code

Q7

Serial Murnber:
CS13A009030

Registration Code:

Getting Started

Enter the registration code provided by your TDS dealer
in the Registration Code field and tap Register]. This will
register all of the modules that you have purchased. If
there are modules that you feel should be registered but
are not, contact TDS tech support.

Add-on modules can also be purchased from your local
TDS dealer to upgrade your TDS Survey Software.
Upgrading involves simply registering the appropriate
module using the same method as described above

If you want to register a particular module, access the
Register screen by tapping | File | | Register Modules | from
the Main Menu.

Contact your TDS dealer and give him your unique serial
number that is displayed on this screen. He will give you
a registration code for the module that you purchased.

Tap the | Enter Registration Code | button for the
appropriate module, enter the registration code in the
dialog box that opens and tap | Register... |. All the
features for the module that you purchased will now be
available.

Note: You should keep a record of all registration codes
purchased in case they need to be reentered at some
point.




User's Manual

Data Entry

Using a handheld device without a keyboard requires some

adaptation but one can get very proficient when using all the
shortcuts available to navigate around quickly. Even if you are
already familiar with the Survey Pro software, reading this section

can help you get the most from your handheld device.

Survey Pro offers several alternatives to input
characters without a physical keyboard. These methods
take the form of an overlay window, called Soft Input
Panels (SIPs). You interact with a SIP through the touch
screen. While you can get by using the standard SIPs,
The Recon also provides a custom SIP called Recon
Keyboard, which is optimized for Survey Pro.

Smart SIP

The Smart SIP is available when running Survey Pro
and will automatically provide the user with the
appropriate SIP when it is needed. The SIP can also be
configured to automatically open when the cursor is
inside an input field.

Enabling the Smart SIP

The Smart SIP is enabled by default, but if it has been
disabled, you can re-enable it using the following steps:

From the Main Menu, open the Job > Settings >
General screen.

Check the Use Smart Soft Input Panel Activation
checkbox.

If the Smart SIP were not enabled, the user would need
to click on the SIP icon on the taskbar to toggle the
visibility of the SIP prior to entering data.

f.f | Spectra '

4 = \ j =0

Ir

< 2:43

_IStakeuut | Inverse ' (Epgu gy
ey | apul e

"-..l::ur:\r\ép_::::"\:jigads' S
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£ Open / New

B  Save As

'+ e
abc/ By|Tab| 4 | 5 (6 | - | +
R @ 0| 1|23 . |
® 76 @ - = [If

D Auto time stamp
EVErY:

I:I min,
I:I hrs.

[JPromit for Layer -
[JPrormpt for Attributes |
[JPrompt to Backup When Closing Jo
[Jwirite Point Attributes to Raw Datq_|
[JPromat for Elevation of 2D Cogo P
[Jahweays Use ALL CAPS in Edit Fields
[JLog Serial Port Traffic

[w]Use Smart Soft Input Panel Activat{+|

Remind to backup job
[ avery:
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Date/Time IEluttons General 4| »
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Using the Smart SIP

Whenever you tap in an edit field, the appropriate SIP will
automatically open. The type of edit field where the cursor is placed
determines the type of SIP that opens. The SIP will position itself so
that it does not cover the edit field.

There are three types of edit fields:

g Foresight:

ES 1
Desc.: Iﬁ_ﬂ:l HR:IM‘EE

Left f Right direction: Frorm GUM to ROD

et

oL @r 0.0ft [+]
ot [poR ][9]
Elervation |D.E| ift ||v|

Tab[q[w[e[r [t]y[ulio][p|[]]
caPlals[d[rfa[n[ilk[1];]"

[1]2]3[4]5]6]7][8[0]0]- =]«
|
—

shiftz [z [c[v[b[n]m], [. /]
ctfai] - [\ ] [+[1]<]~=
O ?

f.fl Inverse

_ we [0.00ft
Begin:
E: [0.0ift
Elev:
| » Location: |||| |E
|11nni I |
abc Tab| 4 |5 |6 | - |+
@ 0| 1]2 (3. |
o [v] Store Pt(s), LE

Input | Results l Map ]

e 7 7

Point name edit fields: These default to the
numeric SIP.

Alphanumeric edit fields: such as Description,
File Name, Layer Name, etc. These default to the
alphanumeric SIP.

Numeric edit fields: such as HI / HR, angles,
distances, etc. These default to the numeric SIP.

The SIP will close when:

You tap in a blank area of the dialog.

You tap on another control, like a button or a list
box.

You switch to another tab page.

The current dialog is closed or another dialog
appears.
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Changing SIPs

While the cursor is in an input field, you can select a different SIP to
use for entering text into that field and Survey Pro will remember
your selection and open the new SIP whenever the cursor is placed
into the same type of input field. The same behavior will occur if you
switch between the alpha and numeric keyboards.

To select a different SIP, tap the up-arrow button next to the SIP
icon. A list of all installed SIPs will open. Simply tap on the SIP you
want to use.

Block Recognizer

Keyboard

Letter Recognizer
# Recon Keyboard

Hardware Buttons Transcriber
G = I

Survey Pro allows you to remap the function of the hardware

buttons from a list of commonly used functions.

Some of the functions offered for button remapping include: Enter,
Escape, Tab, Quick Pick, Take Shot, etc. You can also use Page
Up/Down to move between tab pages where applicable. See the
Buttons Settings screen in the Reference Manual for more
information on customizing the hardware buttons.
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Angle and Time Conventions

Throughout the software, the following conventions are followed
when inputting or outputting angles and time:

Azimuths

Azimuths are entered in degree-minutes-seconds format and are
represented as DD.MMSSsss, where:

DD One or more digits representing the degrees.

MM  Two digits representing the minutes.

SS Two digits representing the seconds.

SSS Zero or more digits representing the decimal fraction
part of the seconds.

For example, 212.5800 would indicate 212 degrees, 58 minutes, 0

seconds.

Bearings
Bearings can be entered in either of the following formats:

e S32.5800W to indicate south 32 degrees, 58 minutes, 0
seconds west.

e 3 32.5800 to indicate 32 degrees, 58 minutes, 0 seconds in
guadrant 3.

Time

When a field accepts a time for its input, the time is entered in hours-
minutes-seconds format, which is represented as HH.MMSSsss
where:

e HH One or more digits representing the hours.
e MM  Two digits representing the minutes.
e SS Two digits representing the seconds.
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e SSS Zero or more digits representing the decimal fraction
part of the seconds.

10
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Using Survey Pro

Tapping the screen with a stylus is the primary method for
interaction with Survey Pro.

You can start Survey Pro by tapping the &% icon,
selecting Programs, then selecting Survey Pro.

l.i:.j;" Welcome to Surve &7 #{x 10:57

% Oper a Recert Job ———
Filenarme i
20

Note: The proper way to exit Survey Pro is by selecting

DTM
jngé T 22 File |, | Exit | from the Main Menu. Exiting in this way
jol -11- :

Stake Test 001 2o 10.3 | guarantees that the settings will get saved properly to
the registry.

Open R
= Once Survey Pro is started, the Survey Pro splash screen
@ Open an Existing Jobh ——

will open. Since Survey Pro requires a job to be opened
Create & New Iob when it_starts, you \{vill _be prompted to open a_recently
% opened job, an existing job, or to create a new job. The
example below briefly explains how to create a new job

e 72 A+ so you can begin exploring the software.

1. Tapthe button. The Create a New Job dialog
box will open, which prompts you for a job name

l.ﬁ;" Create aNew Job ¢ o< 2:13
rNew Job Name

Dirertary: where the current date is the default name.

% Built-in Storage', Survey Pro ) N N

Jobs}, 2. Either type in a new job name or accept the default

Job Name: name. Control points can optionally be used or

[11-11-2008 | imported from another existing job by checking the
Use or Import a Control File checkbox. (See Page 36

for more information on control files.) For this
[] Use or Import a Control File example, leave this unchecked and tap | Next > | to
continue.

0 2 ° Al
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3. Another screen will open where you select some of
the job settings. Select the settings that you desire

and tap to continue.

Note: When creating a new job, it is important that the
Units for Distances field be set to the correct units. This
allows you to seamlessly switch between different units
in mid-job, but problems can arise if these units are
inadvertently set to the incorrect units when new data is
collected.

4. Since all jobs must have at least one point to start
with, the final screen displays the default point
name and coordinates for the first point. Accept the
default values by tapping . This will create

and store the new job. You are now ready to explore
the software.

12

E.]| Create a New Job

Azimuth [Narth Azimuth -

Type:

Lnits for |Feet ,|

Distances:

Units for

Angles: |Degrees -|

H Adiust for Earth Curvature |
Refraction

D Llze Scale | |
Factor:

Cancel ﬁ,l*

E.]| Create a New Job

rEnter First Point:

Morthing:

5000.0 ft feat

Easting:

5000.0 ft feat

Elewation:

100.0 ft feet

| < Back || Finish |

Cancel &|‘
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Navigating Within the Program

I

]

Horz Angle Offset

Vert Angle Offset
Auto Collect
Corner & 2 Lines

Corner & Angle

|s-d ||:|-:| .li-r"

® 2 B @ o = A-

The starting point in Survey Pro, which appears once a
job is open, is called the Main Menu, which is shown
here. All the screens that are available in Survey Pro can
be accessed starting from the Main Menu. Likewise,
closing any screens that are open in Survey Pro will
eventually take you back to the Main Menu.

The Main Menu consists of two main areas. The upper
half of the screen contains a set of large buttons called
main menu items. The lower half of the screen contains
the submenu items that are associated with the selected
main menu item.

When a main menu item is tapped, the corresponding
submenu items will become available in the lower area.
When a submenu item is tapped in the lower area, the
corresponding screen will open. It is from these screens

where you do your work.

If a main menu item contains more submenu items than will fit on

the screen, index card-style tabs are displayed on the right. Tapping
these tabs will display additional submenu items.

The hardware keys can also be used to navigate within the Main
Menu and any other Survey Pro screen. The highlighted rectangle
displays the area of the screen that is currently active.

The bottom area of the Main Menu contains a set of icons that
perform the tasks discussed below.

13
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Command Bar

The command bar is the bottom portion of each Survey Pro screen
and it contains buttons that are appropriate for the current screen.
All of the possible buttons are described below.

About Survey Pro @

Tapping this button from the Main Menu or selecting File
> About Survey Pro will open the About Survey Pro :
screen, which displays information on the version of Survey Pro
Survey Pro that is installed. =

I|'-".,"|5ur\|l'|3\|l'P @] : o< 1:03

The | Hardware Information | button is a shortcut to the verson 24,0
Windows System Information screen.

Copyright (C) 2002 Tripod Data Systemns

Wisit TDS on the web at
sy, OIS Ay OO

| Hardware Information... |

& 7 2
Online Help #

] ) ) 3 |Help B &t o2 123
This button opens the online help, which allows you to .
access information for each screen similar to the Survey Pro Main Menu B
information you would find in the reference manual. Main Meru

Eil=: [Menu
Job ety

Survey Menu

Survey Menu for GPS Module
Survey Menu for Basic GPS Module
Leveling Meriu

Stakeout Menu

Stakeout Menu for GPS & Basic GPS
Inverse Menu

Cogo Menu

Curve Menu

Roads Menu

Adjust Menu

Miscellaneous Screens

Appendix

Yiew Find & & &l;

A7

14
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Surveying Mode & T& =2

The instrument icon indicates which collection mode the
Trimble " software is running in. There are three possible surveying

+ Manual Mode

modes:  Conventional, Té GPS, and 22 Leveling. Tapping this

Manage Instruments... icon will open a list of options to do any of the following:

v Conventional
Switch to GPS

Switch to Leveling

e Switch to another instrument mode.

e Select a different instrument profile. (See the

e ¢ B

oo Instrument Settings screen in the Reference Manual for
more information.)

e Quickly access the Instrument Settings screen. (See the
Instrument Settings screen in the Reference Manual for more
information.)

Map View

This button will access the map view of the current job when it is
tapped. The map view is available from many screens and is
discussed in detail on Page 28.

Quick Pick =%

The Quick Pick button will open a customizable list of routines. To
guickly access a routine, just tap on it. See Page 24 for more
information.

Battery Level e=

The battery icon at the bottom of the Main Menu displays the
condition of the data collector’s rechargeable battery. The icon has
five variations depending on the level of charge remaining: @1 100%,
= 75%, @ 50%, T3 25%, 5% and #& charging.

Tapping the battery icon is a shortcut to the Microsoft Power Settings
screen. You can get more information while viewing this screen by

tapping B then @.
OK &

This button performs the desired action then closes the current
screen.
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Cancel &

This button is red in color and closes the current screen without
performing the action intended by the screen.

Close @

This button is green in color and closes the current screen.

Settings

This button opens the Settings screen associated with the current
screen.

GPS Status &

This is used to view the current status and access the settings for a
GPS receiver when using the GeolLock feature (Page 165). It is only
available from the Remote Control and Remote Shot screens when
using a supported robotic total station.

16
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Parts of a Screen

Many screens share common features. To illustrate some

A |Backsight Setup & x 11:49 of these features, we will examine parts of the Backsight
+ Occupy Point: E| Setup screen, shown here. You can access the Backsight
e fof | W [foR | Setup screen by selecting | Survey |, | Backsight Setup|
[ 8 Pt ||2 = from the Main Menu.

[] Fixed HR at Backsight:

Backsight Circle: oc00'00"

Current BS Direction: —

| Check... || cirde... |[ Sole... ]

FE mput | ] map |
o ? A

Input Fields

An input field is an area where a specific value is entered by the user.
An input field consists of a label, which identifies the data that is to
be entered in that field and a rectangular area with a white
background, where the data is entered. A field must first be selected
before data can be entered in it. You can select a field by tapping on
its data area. When a field is selected, a dark border is drawn around
it and a blinking cursor is inside the field.

Output Fields

Output fields only display information. These fields typically display
values in bold text, do not have a special colored background, and
the value cannot be changed from the current screen. For example, in
the Backsight Setup screen, the Backsight Circle value is an output
field.

17
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Power Buttons E

The Backsight Setup screen contains two power buttons. Power
buttons are typically used to provide alternate methods of entering or
modifying data in an associated field. To use a power button, simply
tap it. Once tapped, a dropdown list will appear with several choices.
The choices available vary depending on with which field the power
button is associated. Simply tap the desired choice from the dropdown
list.

Tapping the first power button in the Backsight Setup screen allows
you to specify an occupy point using other methods or view the details
of the currently selected point. You should experiment with the
options available with various power buttons to become familiar with
them.

Choose From Map Button

The Choose From Map button is always associated with a field where
an existing point is required. When the button is tapped, a map view
is displayed. To select a point for the required field, just tap it from
the map.

Note: If you tap a point from the map view that is located next to
other points, another screen will open that displays all of the points
in the area that was tapped. Tap the desired point from the list to
select it.
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Scroll Buttons

When a button label is preceded with the » symbol, it indicates that
the button label can be changed. Each tap of the » symbol will toggle
through the various button label options and the corresponding field
associated with it. For example, in the Backsight Setup screen, the
backsight can be defined by a point or a direction by toggling the
scroll button between | » BS Point | and | » BS Direction |

Special Point Symbols

Some field labels are preceded with a special symbol. For example,
the Occupy Point field in the Backsight Setup screen is displayed as
“+ Occupy Point” The plus symbol indicates that the occupy point is
represented as a plus symbol when viewing it in the Map View. Other
symbols are also used to represent other types of points.

Index Cards

Many screens have access to other screens that are still part of the
original screen. The different screens are selected by tapping on
various tabs, which look like the tabs of on index cards. The tabs can
appear along the top of the screen or the right edge.

The Backsight Setup screen consists of two cards. One is titled Input,
and the other is titled Map.
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Input Shortcuts

Distances and angles are normally entered in the appropriate fields
simply by typing the value from the keypad, but there is a shortcut
that can simplify the entry of a distance or angle.

If you want to enter the distance between two points in a particular
field, but you do not know offhand what that distance is, you can
enter the two point names that define that distance separated by a
hyphen. For example, entering 1-2 in a distance field would compute
the horizontal distance from Point 1 to Point 2. As soon as the cursor
is moved from that field, the horizontal distance between the points
will be computed and entered in that field.

An alternate method to using this shortcut is to tap the [+] power
button, select Choose from map... and then tap the two points that
define the distance that you want to enter. Once you tap & from the
Map View, the horizontal distance between the two tapped points will
appear in the corresponding field.

Likewise, there is a similar shortcut to enter angles in fields that
accept them. If you wanted to enter the angle, o, from the illustration
shown here, you would simply enter 1-2-3 in the appropriate field. As
soon as the cursor is moved from that field, the angle formed by the
three points entered will be entered in that field. As with specifying a
distance, you could also use the power button as described above and
tap the points of the angle in the correct order.

Another shortcut can be used to enter distances with fractional inches
(architectural units). Simply key in the feet, inches, and fractional
inches where each value is separated by a space and the fraction is
entered using a dash (-), or a forward slash (/). For example, to enter 3
feet, 6 and 3/32 inches, you would key in 3 6 3-32. Once the cursor
leaves that field, the distance will automatically be converted to the
appropriate decimal distance.

If working with distances under 1 foot, it is acceptable to exclude the
feet value; for example “8 5-64” would be interpreted as 8 and 5/64
inches. Likewise, if entering a fractional distance under an inch, you
would only enter the fractional inch.

The following details should be considered when using the above
method to enter fractional inches:

20
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1. When the job is configured for International Feet or US Survey
Feet, it is assumed that the distance entered is in the same units
as the job is configured for.

2. Ifthe job is configured for meters, it is assumed that the
distances entered are in International Feet and will be converted
to meters when the cursor leaves the current field. (You cannot
use this method to enter a metric distance in fractional format.)

3. If afractional inch is entered that cannot be evenly divided by
1/64 inch, it will automatically be converted to the nearest 64t
inch. This conversion would be negligible for survey data and
unlikely to occur.

An alternate method to using this shortcut is to tap the ©f Quick Pick
button while the cursor is in a distance field that you want to change
and select AU Conversion. Enter the appropriate feet, inches and
fractional inches and tap . See the Reference manual for more
information on the AU Conversion screen.
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Point List Editor
Many screens contain a button, which accesses

the Select

Point(s) screen that allows you to enter a simple list of points or a list

of points that describe a line that can contain curves.

Examples of how to enter different lists of points are
displayed in the lower portion of the screen. Once the list
is entered, tap @ to return to the previous screen.

Note: Spaces in point lists are ignored. They are only
used in the examples for clarity.

The examples for entering the three possible curve types

i |select Point(s) € &F «£ 2:00

are explained in detail as follows:

e 7(8)9
The first example, defines a curve that passes
through Points 7, 8 and 9, respectively.

e« 7(8,L)9

Point Range:
rExamples:
Entry Result
7 Point 7
7-9b Points from 7 1o Sb
79, 15, 20-20  Combined Ranges
rCurves
7ig1a 7 to 9 through 2
7{8L)9 RPE,LarR
F100,L, L) 7 to 9 with a radius of
100, Lor R, Lors
Q0 7 7 =8

The second example defines a curve where Point

8 is the radius point and the curve begins to the Left (from the
point of view of the radius point), turning from Point 7 to

Point 9.

Note: When defining a curve with a radius point, the other

two points

must be the same distance from the radius point for a solution.

e 7(100,L,L)9

The third example describes a curve with a radius of 100,
using the same units as the job, that begins at Point 7,
turning to the Left (from the point of view of the radius point),

creating a Large arc (> 180°), and ending at Point 9.
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Entering Distances in Other Units

When a distance is entered in a particular field, it is normally entered
using the same units that are configured for the current job, but
distances can also be entered that are expressed in other distance
units.

When entering a distance that is expressed in units that do not match
those configured for the job, you simply append the entered distance
with the abbreviation for the type of units entered. For example, if
the distance units for your current job were set to International Feet
and you wanted to enter a distance in meters, you would simply
append the distance value with an m or M for meters. As soon as the
cursor is moved to another field, the meters that you entered will be
converted to International Feet.

The abbreviations can be entered in lower case or upper case
characters. They can also be entered directly after the distance value,
or separated with a space. The following abbreviations can be
appended to an entered distance:

e International Feet: f or ftor ift

e US Survey Feet: usf or usft
e Inches: iorin

e Meters: m

e Centimeters: cm

e Millimeters: mm

e Chains: corch
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Quick Pick

The 3£ button is called the Quick Pick button and is
available at the bottom of most screens in Survey Pro.
This button is used to quickly access any of several
commonly-used routines. The list of routines available
from the Quick Pick button can be customized and sorted
in any order.

To access a screen with the Quick Pick button, first tap
7% and then tap the desired routine.

Customizing the Quick Pick List

If you want to customize the Quick Pick list, tap the
button then scroll to the bottom of the list and tap Edit
Quick Pick. This opens the Quick Pick Editor.

e
Instrument Settings
e Point to Point
—= Manage Layers
JSlfiiml:lut Distance Offset
P — Horz Angle Offset :
CI-I'V!! '___:_.’;- Vert Angle Offset -1
; Past Results =4
A Settinl Remote Control
. Traverse/Sideshot
B Edit P Triangle Solutions
Cc Editp| ViewMap
View Points
D Edit A| View Raw Data
Where Is Next Point
E Auto
Edit Quick Pick
o 7 -

Tip: You can quickly get to the bottom of the Quick Pick list by
tapping 7% then pressing the up-arrow hardware button once.

The current Quick Pick list is displayed in the right
column and the routines that can be added to the list are
displayed in the left column, where the routines that are
already in the Quick Pick list are shown in bold.

To add a routine, first select the menu item from the
Menu Item dropdown list where that routine is normally
accessed from the Main Menu. (Not all routines can be
added to the Quick Pick list. If a routine is not listed, it
cannot be added.)

Select the routine from the left column then tap the
button to add it to the Quick Pick list on the
right.

The new routine will initially be placed at the bottom of
the list. To move it elsewhere in the list, select it and tap
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Menu Thems: Quick Picks:
Survey w | (Instrument Settina
_ Point to Point ||
Traverse/Sidesh 4| |Manage Layers
Repetition Shots [ |Distance Offset
Multiple Sideshoty | [NFEe Xl
Distance Offset|=| |Vert Angle Offset
Horz Angle Offs| | |Past Results =
vert Angle Offs{_| [Remote Control
Auto Collect Traverse/ Sideshof—|
AN | |Triengle Solutions| |
Comner & Angle | | [ViEw Map r
Corner & Offset |=
A w T[w

| Add —> | | <-- Remove |

| Defaults | | Move Down |
Cancel ¢ ﬁ'l‘
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the | Move Up | or | Move Down | buttons. (Any other routines in the
Quick Pick list can also be repositioned in this way.)

To remove a routine from the Quick Pick list, select it and tap the

button.

Tapping the | Defaults | button will revert the custom list back to the
default list. Since any changes will be lost, a prompt will first ask if
you are sure.

Smart Targets

Survey Pro has the ability to create and store custom configurations
for any number of prisms or other target types. These are called
Smart Targets.

Smart Targets are useful when working with multiple prisms on the
same job, particularly when the prisms have different characteristics
such as rod height and/or offset because the user can quickly switch
between different Smart Targets before taking a shot.

Smart Targets also provide a way to quickly switch between taking a
shot at a prism and taking a shot at a reflectorless target. The total
station EDM configuration is switched for you automatically.

Selecting Smart Targets

You can quickly select any existing Smart Target from a screen that
has an HR field. Tap the power button [+] corresponding with the HR
field that you want to shoot. A B icon displayed next to the power
button indicates a prism target type is currently selected. A 3= icon
indicates a reflectorless target type is currently selected

All the available Smart Targets will be displayed in the upper
portion of the drop-down list. The Smart Targets listed will
depend on if you are selecting a Smart Target for your foresight

Manage Smarkt Targels..

or your backsight.

Trimble Slant HR - HR

Simply tap the Smart Target that you want to use from the drop-

down list. The preset configuration for the selected Smart Target
will be automatically set.
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Manage Smart Targets

Select Manage Smart Targets from the same drop-down list described
above to access the Manage Smart Targets screen. From here you can
create a new custom Smart Target or edit any existing Smart Target.

Survey Pro includes two foresight Smart Targets called My Prism and

My Reflectorless, respectively and one backsight Smart Target called

My Backsight Prism. These can be edited or deleted, but at least one

prism and one reflectorless foresight Smart Target and at least one

prism backsight Smart Target must exist at all times. Because of

this, for example, you would not be able to delete My Backsight Prism

unless another Smart Target with a prism target type for your

backsight was available. Similarly, you would not be able to change

My Reflectorless to a prism target type unless you already FiF|Manage smart Tar §F 4 11:49
had another foresight Smart Target configured with a

reflectorless target type. Marne: | Type |H
My Prismm Prisrm 5.
To delete an existing Smart Target, tap it to select it and My Reflectarless  Reflectorless 0,

then tap L FTargetl Prism

[Delete]

Tapping will sort the list of Smart Targets
alphabetically.

You can also activate a Smart Target from this screen by 7h I I T
tapping the desired Smart Target to select it and then [actvate | [ add.. |[ Eat. |
tapping , although it's faster to activate Smart

Targets using the shortcut described above. The active [ sort || pelete |

Smart Target is shown with a & symbol next to it. Q@0 % 0 A

To create a new Smart Target tap the button. To edit an
existing target, tap it from the list to select it and then tap | Edit... |
Either option will open the Edit Smart Target screen.
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The Smart Target Name you provide will be shown in the drop-down
list when you switch between Smart Targets.

Edit Smart Target €3 ¢ % 5:49 The Target Type field determines how the EDM will be
Mame:  |Target 1 configured on the total station when taking shots to the
Smart Target. It can be Prism when using a standard

Target Type: Prisrn - . .
prism, Reflectorless to perform distance measurements
HR: E without a prism, Long Range Prism, which increases the
OeddofettoHk: [ | | output power of the EDM for shooting prisms at long
Prism Constant:  [100 |mm | distances, or On Gun, which uses the EDM settings
Prism Type: configured on the total station (Not all target types are
[Trimble MutTrack (10mn ] %m supported by all total stations.)

[ active (1D 1-8):

Note: If using a Trimble S6/VX, there are special smart
target settings available, which are described under
Smart Targets in the Reference Manual.

o0 7 Al
The HR field will be the default rod height whenever this Smart
Target is selected. Updating the HR from any screen that has an
editable HR field while a Smart Target is selected will also save that

new value here, making it the new default HR for the current Smart
Target.

If the Add Offset to HR is checked, the offset entered in the
corresponding field will then be added to the rod height you provide.
(A negative value would subtract the offset from the HR.) This is
useful for people who use a device that always elevates their rod by a
fixed distance, but still want to use the rod height measurement
displayed on the rod for simplicity.

For example, if you were in the Backsight Setup screen and selected a
foresight Smart Target with a default HR of 5 feet and an HR offset
value of 1 foot, you would see 5.00 ift displayed in the foresight HR
field of the Backsight Setup screen, as well as every other editable
foresight HR field, but you would see 5.0+1.0 ift in every output-only
HR field showing the HR entered plus the offset. (The raw data file
will also clearly note when a rod height offset is being applied.)

The Prism Constant field should contain the prism constant for the
prism associated with this Smart Target as long as a prism constant
is not also set in the total station. If a prism constant is set in Survey
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Pro and on the total station, it will be applied twice resulting in
incorrect distance measurements for every shot.

If you are using a robotic total station that supports prisms that
output a target ID, the Use Target ID field will be available where you
can specify the target ID for the Smart Target.

If Use For Search is available and selected, the total station will only
look for the Target ID when it is searching for the target. Once the
target is found, it will track the prism, but it is possible for the total
station to start tracking a different reflector that comes into view. If
Use Always is selected, the total station will continuously monitor the
Target ID and only track the prism with the specified Target ID.

Tap @ to close the Edit Smart Targets screen and save any changes.

Map View

‘.:'i.rw.‘;'j" View Map - Survey 4 ={x 9:42 L,:"i_r?‘;;."‘ View Map - Survey +F X 9:41

7, -
L

[ 100 fi
Q@ 7 Al
Main map view shown Main map view shown
without basemaps with basemaps

Many screens provide access to a map view. The map view is a
graphical representation of the objects in the current job.
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There are different map views depending on from where the map
view is accessed and they can display slightly different information
such as a vertical profile.

The main map view is accessed from the Main Menu by tapping the
button at the bottom of the screen in the command bar. If you are
using basemaps, it is from this map view where the basemaps are
managed.

All other map views are accessed by tapping the [« button from a
variety of screens.

A bar is shown at the bottom of every map view that indicates the
scale.

The buttons along the left edge of the screen allow you to change
what is displayed in the map view.

Tip: You can pan around your map by dragging your stylus across the
screen.

@ Zoom Extents Button: will change the scale of the screen so that
all the points in the current job will fit on the screen.

Zoom In Button: will zoom the current screen in by
approximately 25%.

Zoom Out Button: will zoom the current screen out by
approximately 25%.

Zoom Window Button: allows you to drag a box across the
screen. When your finger or stylus leaves the screen, the map will
zoom to the box that was drawn.

Zoom To Point Button: prompts you for a point name and then
the map view will be centered to the specified point with the point
label displayed in red.

Turn To Point Button: Tap this button and then tap a point in
the map view to automatically turn the total station to the selected
point. This is only available when a robotic total station is selected
and Remote Control is active in the Instrument Settings.
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Increase Vertical Scale: is only available when viewing a
vertical profile. Each time it is tapped, the vertical scale of the view is
increased.

Decrease Vertical Scale: is only available when viewing a
vertical profile. Each time it is tapped, the vertical scale of the view is
decreased.

Zoom Preview Button: will display only the points that are
currently in use (only available from certain map view screens).

Z Map Display Options: accesses the Map Display Options screen,
described below.

Manage Basemaps: accesses the Manage Basemaps screen,
described below (only available from the main map view, accessed
from the command bar button in Main Menu).

Basemaps

Basemaps can be used in jobs to more accurately display local objects
and terrain in the map view to give the surveyor a better idea of
where they are in relation to local land features.

There are two general types of basemaps — raster images
and CAD drawings. Raster images are usually created £ |View Map - Survey & ox 9:44
from photographs and can accurately display the local : ; .
terrain with great detail. CAD drawings are created from
CAD software and will typically display points, roads,
boundaries and any other objects that can be drawn with
lines.

Basemap Files

Survey Pro supports basemap files from AutoCAD,
GeoTiff, and TDS.

Since basemap files can be large in size, the following
points should be considered when managing basemap
files:
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e Before you can use a basemap in Survey Pro, you need to copy
the appropriate basemap files from a PC to the same directory
where your current job is located. If the basemap files are
stored in a different directory and then added to the current
job, the files will be copied to the job’s directory.

e If you use the Save As routine and save the current job to a
new directory, any basemaps associated with that job will be
copied to the new location.

Manage Basemaps

Once the basemap files are stored on the data collector, they must be
added to the current job before they can be viewed in the map view.

1. To add basemaps, open the Main Map View by tapping the
button in the command bar from the Main Menu.

2. From the main Map View, tap the button to open

the Manage Basemaps screen shown here.

3. Tapthe button. This will open a new screen
where you can select the basemap that you want to
add to the current job.

4. Once a basemap is added, it will appear in the list in
the Manage Basemaps screen.

5. Repeat Steps 3 and 4 to add any additional
basemaps.

|| Remove || Basemaps are drawn to the screen in the reverse order

" Move Up | Move Dowr] that they are listed in the Manage Basemaps screen,

Elements
Corvalis1.SIF  Yes
| Add.. || Edit..
e 7 F

where the first basemap in the list is the last one drawn,
Al and thus, will be drawn “on top” of any other basemaps.

This is important to remember if any basemaps overlap since if a
raster basemap were drawn on top of another basemap, it would
cover any basemaps below it.

The list shown contains a vector basemap, tds.dxf that occupies the
same area as the other two basemaps, which are raster basemaps.
The vector basemap is at the top of the list so the points and lines it
contains will be drawn last and appear on top of the two raster
basemaps.
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Raster basemap Vector basemap Resulting map view
drawn first. drawn last. with both basemaps
in view.

6. To change the order of the basemaps in the list, select a basemap
and tap the | Move Up | or | Move Down | buttons to move it up or
down in the list, respectively.

7. To remove any basemap from the list, select it and tap .
This will remove the basemap from the list and un-associate it
from the current job. (This will not delete the corresponding
basemap file.)

8. The colors of the objects in vector basemaps can be
modified by selecting the basemap and then tapping

to open the Edit Basemap screen. Fename: - tds.dxf

General | praview

‘.:'1_(?2'1 Edit Basemap o ofx 453

Line Color:

Fill Color:

Point Symbol: o

Visible

o 0 ¢ 7
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The Settings Screen

The Settings screen is used to control all of the settings available for
your surveying instrument, current job, and Survey Pro software. It
contains several index card-style tabs. Each card contains different
types of settings.

Most of the settings remain unchanged unless you
deliberately change them, meaning the default settings

Name [pot [Brand | are whatever they were set to last. For example, if you
Trimble 5600 Prism _ COML_ Trmb | create a new job where you change the direction units
® 1 AL | from azimuths to bearings and then create another new
job, the default direction units for the new job will be
bearings.
« = ' I Survey Pro behaves in this way since most people use the
Instrument Create New i i i iri H
Settings... e ol same se_ttlngs for a majority of their jobs. This way, once
the settings are set, they become the default settings for
| Activate Selected Instrument | | 4] new jobs and current jobs.

| Delete || Import... || Export... |

Some settings are considered critical and are therefore

Instrumentl Un'rts| F-crrmat| Files | {4]»

stored within the job. The following settings are stored

@ 9 ¢

d

Al within a job and will override the corresponding settings

in the Settings screen when it is opened:

e Scale Factor — Surveying Settings Card

e Earth Curvature On or Off — Surveying Settings Card

e Units for Survey Data (distances) — Units Settings Card
e North or South Azimuth — Units Settings Card

e Angle Units — Units Settings Card

You can change to other Settings screens by tapping the appropriate
tab at the bottom of the screen. If the tab is not in view, tap the
buttons to scroll through all the available tabs.

Consult the Reference Manual for an explanation of each field on
every Settings screen.

If using a Bluetooth total station, refer to the Bluetooth section on
Page 316.
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File Management and
ForeSight DXM

Survey Pro uses a variety of files to store data and information

about your project. The files include the main data file, the .JOB file,
and the raw data file, the .RAW file, and several other supplementary
files that Survey Pro can use for additional information. To help
manage this data and to supplement Survey Pro capabilities, TDS
has an office product called ForeSight DXM.

ForeSight DXM is a complete data management tool that works
directly with Survey Pro data files. ForeSight DXM can make any
project easier to manage and makes doing every day tasks, such as
downloading, quick and easy. ForeSight DXM has a variety of
analysis tools, geodetic tools including projection setups, and the
capability to convert TDS data files into many other formats,
including LandXML, for use in CAD.

ForeSight DXM makes the field-to-office and the office-to-field
process seamless and easy. If you don't already own a copy of
ForeSight DXM, contact your TDS Dealer for more information. You
can also download a full-featured demonstration copy of ForeSight
DXM from the TDS Web site at www.tdsway.com.

Job Files

Every job that is used with TDS Survey Pro actually consists of at
least two separate files; a job file and a raw data file. Each file
performs a different role within the software.

A job file can be created in the Data collector, or on a PC using TDS
ForeSight DXM (or other PC software) and then transferred to the
Data collector. It is a binary file that has a file name that is the same
as the job name, followed by a *.JOB extension. A job file is similar to
the older TDS-format coordinate file, except in addition to storing
point names and their associated coordinates, a job file also contains
all of the line work as well.
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When you specify points to use for any reason within Survey Pro, the
software will read the coordinates for the specified points from the job
file. Whenever you store a new point within Survey Pro, the point is
added to this file.

A job file can be edited on the Survey Pro when using the Edit Points
screen. Since a job file is binary, it requires special software for
editing on a PC, such as TDS Survey Link. It can also be converted to
or from an ASCII file using Survey Link. (Refer to the Survey Link
documentation for this procedure.)

When a job file is converted to an ASCII file, the resulting file is
simply a list of points and coordinates. Each line consists of a point
name, northing or latitude, easting or longitude, elevation or elliptical
height, and a note where each value is separated by a comma.

Raw Data Files

A raw data file is an ASCII text file that is automatically generated
whenever a new job is created on Survey Pro and cannot be created
using any other method. It has the same file name as the current job
file (the job name), followed by the *.RAW extension.

A raw data file is essentially a log of everything that occurred in the
field. All activity that can create or modify a point is written to a raw
data file. Survey Pro never “reads” from the raw data file — it only
writes to the file. Since a raw data file stores all of the activity that
takes place in the field, it can be used to regenerate the original job
file if the job file was somehow lost. This process requires the TDS
Survey Link software.

Since a raw data file is considered a legal document, it cannot be
edited using any TDS software other than appending a note to it
using the View Raw Data screen. Editing a raw data file would
invalidate all of its contents and is not supported in any way by TDS.

When viewing a raw data file on a PC using a simple text editor or on
Survey Pro using the View Raw Data screen, the file is shown
unaltered, which can appear somewhat cryptic. When viewing the file
from within Survey Link, the codes are automatically translated on
the screen to a format that is easier to understand.
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Control Files

The current job can be configured to access the points from another
job stored on the data collector. When the current job is using points
from another job, that other job is called a Control File and the points
in the control file are called Control Points. (Any non-point objects in
a control file are always ignored.)

A control file can be selected from the New Job wizard when creating
a new job, or the | File || Import Control |screen can be used to select a
control file for an existing job, or to manage the current control file.
See the Reference Manual for more information on these screens.

There are two methods for accessing control points: imported control
points and external control points. Each method has advantages and
disadvantages, which are explained below.

Import Control File

When a control file is imported, the control points are copied into the
current job and stored on a special layer called CONTROL.

Importing control points provides improved RAW data consistency
since each control point is written to the raw data file as a store point.
This can significantly help when regenerating points from RAW data
and generating reports in the office.

Importing control points may not be the best method when using very
large control files, while collecting relatively small sets of points since
the imported control points can make the current job very large with
too many points to easily manage.

Importing control points is also not recommended when you want to
switch between different control files from the current job.

External Control File

When using an external control file, the points in the control file are
simply linked to the current job and do not become a permanent part
of the current job. Because of this, an external control file can later be
unlinked, or cleared from the current job.
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Some users prefer to keep a set of known points in a separate control
file when repeatedly working on new jobs in the same general area.
That way when they return to the job site, they can create a new job,
but select the external control file to easily have access to the known
control points.

Once an external control file is selected, the control points can be
used in the same way as the job’s points with the following
exceptions:

e An external control file has read only attributes. This means
that the points in the control file cannot be modified or
deleted; they can only be read. For example, you can select a
control point to use as an occupy point during data collection
or as a design point during stake out, but you could not use a
control point for a foresight where you intend to overwrite the
existing coordinates with new coordinates. You would also be
unable to modify a control point from the Edit Points screen.

e Since the points in an external control file are shared with the
points in the current job, you cannot open an external control
file if any of the point names used in it are also used in the
current job. If you attempt to do so, a dialog will tell you that
a duplicate point name was encountered and the control file
will not be opened.

Description Files

A Description File is used to automate the task of entering
descriptions for points that are stored in a job. They are especially
useful when the same descriptions are frequently used in the same
job.

A description file is a text file containing a list of the descriptions that
you will want to use with a particular job. The file itself is usually
created on a PC, using any ASCII text editor such as Notepad, which
is included with Microsoft Windows. It should then saved using any
file name and the .txt extension and then transferred to the data
collector.

It is important to realize that when you use a more sophisticated
application, such as a word processor to create a description file, you
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must be careful how the file is saved. By default, a word processor
will store additional non-ASCII data in a file making it incompatible
as a description file. However this can be avoided if you use the Save
As... option from your word processor and choose a Text Only file
format.

Description files can be created in two different formats; one includes
codes and the other does not. The chosen format determines how
descriptions are entered. Each format is described below.

Description Files without Codes

A description file that does not contain codes is simply a list of the
descriptions that you will want to use in a job. The content of a
sample description file, without codes, is shown here.

The following rules apply to description files without codes:

& Notepad _ (O] x|

e Each line in the file contains a single description. File Edit Seach Help
i o . . douglas fir ;l
e Assingle description can contain a maximum of 16 apple tree
characters (including spaces). lodgepole pine
maple tree
oak tree

e Descriptions do not need to be arranged in alphabetical cherry tree
order. (Survey Pro does that for you.) ponderosa pine |

e Descriptions are not case sensitive.

To use a description from a description file without
codes, simply start typing in any Description field. Once

g =

you start typing a description, a dropdown list should o Foresight:
appear displaying all of the descriptions that are in the Description: d [l
iption file i i i . . MEW BACKSIGH. .
description file in alphabetical order. If a list does not HR:[5.750 it |} e
appear, confirm the Show Description List Automatically parking lot
checkbox is marked in the Description Settings screen. PROPERTY COR..,
SPRIMKLER SYST...
A quick way to access the | KN I ]

Description Settings screen is by
using the [] power button
associated with every Description [Backsight...| | Traverse ||Side Shot |
field and selecting Description OCC: 1 HI:3.296 BS: 0°00100°
Settings... You can also manually show the description ] y —

list if it does not open automatically by selecting Show ot |3 eals ] ap |
Description List from the power button options. The Edit @ v s
Descrition List... option opens the Edit Description List screen where
38
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you can modify the list and optionally save it to a file as described in
the Reference manual under the Miscellaneous Screens section.

If the first letter(s) that you typed match the first letters of a
description in the description file, that description will automatically
be selected in the dropdown list. Once the desired description is
selected, press [Enter] or double-tap the description on the screen.
You can also use the arrow keys to scroll through the dropdown list to
make an alternate selection.

Normally the selected description replaces any text entered in the
Description field, but you can optionally append the selected
description to the text entered by adding a ‘+' symbol after the
entered text. For example, if you entered NW+ in a description field
and then selected Property Corner from the description list, the
resulting description would be NW Property Corner.

Description Files with Codes

A description file that uses codes is similar to those without
codes, except a code precedes each description in the file. A

b Big

do Douglas Fir

lo Lodgepole Pine
ma HMaple Tree

oa Dak Tree

ch Cherry Tree

po Ponderosa Pine

= sample description file with codes is shown here.
The following rules apply to description files that use codes:
e Each line contains a code/description pair.

e e The code must be followed by a single space or tab, and

then the description.

e A description code can consist of up to seven characters with
no spaces.

e Description codes are case sensitive.
e The description is limited to 16 characters.

To use a description from a description file with codes simply type the
code associated with the desired description in any Description field.
As soon as soon as the cursor moves out of the Description field, the
code is replaced with the corresponding description. For example, if
you were using the description file shown above and you typed lo in a
description field, lo would be replaced with Lodgepole Pine once the
cursor was moved to another field.
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You can combine a description with any other text, or combine two
descriptions by using an ampersand (&). For example, entering
Tall&do would result in a description of Tall Douglas Fir. Entering b&oa
would result in a description of Big Oak Tree. Keep in mind that if
you combine text that results in a description being longer than 16
characters, it will be truncated.

If you want to enter a description followed by text that happens to be
an existing code that you don’t want to convert, you need to insert an
asterisk (*) between the codes. For example, if code “1” was
associated with “Stake” and “2” was associated with something else
and you wanted a description of “Stake 2,” simply enter “1*2” as the
description.

Associating a Description File

Once a description file is loaded on the data collector, it
must be associated with the current job. This takes
place in the Job > Settings > Descriptions screen. Check [J[Use Description Code Fig]

the box of the type of description file you want to | |Browse..]
associate with the job and use the corresponding
button to navigate to and select the file. You can
associate both a description file with codes and one | [ |
without simultaneously if desired.

] Use Description List File

Load Description List from Job File
The Load Description List from Job File option will add any
unique descriptions to the description list that were
already used in the current job.

Add Mew Descriptions to
Description List

Shiow Description List Autoratically

The Show Description List Automatically should be marked
when using a description file without codes. This results | Format | Fies | pescriptions [survefa]»]
in the description list being displayed automatically as o D 7 i

soon as you begin entering text into a Description field.
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Feature Codes

As explained above, a description or descriptor codes can be used to
help describe a point prior to storing it, but this can be a limited
solution for describing certain points.

Survey Pro also allows you to describe any object using feature codes.
Feature codes can be used to describe objects quickly and in more
detail than a standard text description, particularly when data is
collected for several points that fit into the same category. For
example, if the locations for all the utility poles in an area were being
collected, a single feature code could be used to separately describe
the condition of each utility pole.

When describing an object using feature codes, a selection is made
from any number of main categories called features. Once a particular
feature is selected, any number of descriptions can be made from sub-
categories to the selected feature called attributes.

In general, a feature describes what an object is and attributes are
used to describe the details of that object.

To take advantage of feature codes, a feature file must first be created
using the TDS Survey Attribute Manager, which is included in
Version 7.2, or later of the TDS Survey Link software.

The TDS Survey Attribute Manager can also be used to view or
modify the selected features in a particular job and to export them to
any of several different file formats for use in other popular software
packages.

Note: You can switch between different feature code files in mid-job,
but if a collected attribute does not match an attribute in the current
feature code file, it can still be viewed, but not edited.

For more information on creating a feature file, refer to the Survey
Attribute Manager section of the Survey Link manual.
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Features

The primary part of a feature code is called a feature. Features
generally describe what an object is. Two types of features are used in
Survey Pro: points and lines, which are described below.

When assigning a feature to data that was collected in Survey Pro,
only features of the same type are available for selection. For
example, if selecting a feature to describe a point in a job, only the
point features are displayed. Likewise, if selecting a feature to
describe a polyline, only the line features in the feature file are
displayed.

e Point Features
A point feature consists of a single independent point.
Examples of a point feature would be objects such as a tree, a
utility pedestal, or a fire hydrant.

e LineFeatures
A line feature consists of two or more points that define a
linear object, such as a fence or a waterline. In Survey Pro,
these are stored as polylines, but line features can also be
used to describe alignments.

Attributes

A feature, by itself, would not be useful in describing a point or line
with much detail since a feature only helps describe what the stored
point is. Attributes are used to help describe the details of the object.

Attributes are either typed in from the keyboard or selected from a
pull-down menu and fall into the following three categories.

e String Attributes
A string attribute consists of a title and a field where the user
can enter any characters up to a specified maximum length.
An example of a string attribute is an attribute titled Notes
where the user would enter anything to describe a feature.

e ValueAttributes
A value attribute accepts only numbers from the keypad.
These attributes are setup to accept numbers that fall in a
specified range. Some examples of a numeric attribute would
be the height of a tree or a utility pole’s ID number.
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e Menu Attributes
A menu attribute is an attribute that is selected from a pull-
down menu rather than typed in from the keypad. Menu
items can also have sub-menu items. For example, you could
have a feature labeled Utility with a pull-down menu labeled
Type containing Pole and Pedestal. There could also be sub-
menu items available that could be used to describe the pole
or pedestal in more detail. Menus can only be two levels deep,
but there is no limit to the number of items that can be listed
in a pull-down menu.

Using Feature Codes in Survey Pro

Before you can use features and attributes to describe points in
Survey Pro, you must select a valid feature file to use with the
current job.

To select a feature file, open the | Job | Settings | screen
from the Main Menu and then select the Files card. Tap

the lower button, locate and select the

appropriate *.FEA feature file.

Once a feature file is selected for the current job, you can

r Feature Code File:

configure Survey Pro to prompt for attributes whenever a

| point, line, or alignment is stored. There are three cards

[Browse...] [ Clear | within the Settinés |screen to configure this

prompt.

There is a M Prompt for Attributes checkbox in the Survey
card, the Stakeout card and the General card. The first

affects if you are prompted for attributes only when an

Units | Format | Fies | Sunveying | S «[» object is stored from the routines within the Survey

@ 0 ¢ 7

- menu. Likewise, the second affects only objects stored

from the routines in the Stakeout menu. The prompt in the General
card affects if you are prompted for attributes when an object is
stored from any other routines, such as the COGO routines.

The features and attributes for existing points, polylines, and
alignments can also be edited using the Edit Points and Edit
Polylines and Edit Alignments screens, respectively.
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Layers

Survey Pro uses layers to help manage the data in a job. Any number
of layers can exist in a job and any new objects can be assigned to any
particular layer. For example, a common set of points can be stored
on one layer and another set can be stored on a different layer.

The visibility of any layer can be toggled on and off, which gives full
control over the data that is displayed in a map view. This is useful to
reduce clutter in a job that contains several objects. The objects that
are stored on a layer include points, polylines, and alignments.

TDS ForeSight can read a JOB file and output an AutoCAD DXF file
containing all the original layer information. This conversion can also
be performed using TDS Survey Link 7.2, or later via the Survey
Attribute Manager, which is included as part of that program.

Layer O

Layers can be added, deleted and renamed with the exception of Layer
0. Layer 0 is a special layer that must exist in every job. It cannot be
deleted or renamed.

Layer O provides two main functions: compatibility with AutoCAD;
and is used as a layer for the storage of objects that are not assigned
to any other layer. Since all the objects in a job have to be assigned to
a layer, Layer 0 is always there so a situation cannot occur where an
object is stored, but does not exist on any layer.

Other Special Layers

Some layers are automatically created, but unlike Layer 0, these
layers behave exactly the same as any user-created layer; they can be
renamed or deleted. For example, whenever control points are
imported, a Control layer is automatically created and the points in
the control file are stored to that layer. (Any non-point objects in a
control file are always ignored.)
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Similarly, whenever a new job is created, a Points layer is
automatically created and selected as the active layer. The active
layer is the default layer where any new objects will be stored.

Managing Layers

You can configure Survey Pro to prompt for a layer whenever an
object is stored. If this prompt is turned off, any new objects that are
stored will simply be stored to the active layer. There are three cards

within the screen to configure this prompt.

There is a M Prompt for Layer checkbox in the Survey
card, the Stakeout card and the General card. The first

L visible: | Object e ET
ayuer 'sf(ees Jec; affects if you are prompted for a layer only when new
@ Points Vs 19 data is stored from the routines within the Survey menu.
Topo Ves 0 Likewise, the second affects only data stored from the

routines in the Stakeout menu. The prompt in the
General card affects if you are prompted for a layer when
data is stored from any other routines, such as the
COGO routines.

Most layer management is performed from the
| Job | | Manage Layers | screen. This screen allows you to

[ setactive | | New.. | add, delete, rename and change the visibility of the
[ Edit.. ] [ Delete | various layers. You can also set the active layer from
m— A here. This screen is also available from several different

locations, such as the new Map Display Options screen

and any of the controls that allow you to select layers.

Changing the Active Layer

To change the active layer, tap the desired layer and then tap the

Set Active | button. There must always be an active layer and there
can only be one active layer at a time. The active layer is marked with
the @ symbol.

Creating a New Layer

A new layer can be created by tapping , which opens the New
Layer dialog box where a name and if the new layer should be visible
is entered.
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Changing a Layer Name or Visibility

Selecting a layer and then tapping opens the Edit Layer
dialog box where the name and visibility can be changed for the
selected layer. You can also edit a layer by double-tapping on it.
(Layer 0 cannot be renamed.)

Deleting a Layer

You can only delete an empty layer. If a layer contains any objects,
they must first be moved to a different layer. To delete a layer, select

the layer and tap . (Layer O cannot be deleted.)

Moving Objects from One Layer to Another

The objects on a layer can be moved to a different layer using the
object’s appropriate edit screen. For example, to move several points
from one layer to another, select the desired points in the Edit Points

screen and tap . Select the layer you want to move them to and
tap @
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Working with 2D Points

Most people work with 3D points, but Survey Pro also allows you to
work with 2D points (points without elevations). You can also work
with a combination of both 3D and 2D points.

It is important to remember that data collected from a 2D point will
also be 2D, so care should be taken when working without elevations.
To assist the user, various warnings will appear when working with
2D points.

Some routines require elevations and are therefore inaccessible when
working with 2D points. When attempting to perform a routine using
a 2D point that requires 3D points, the following error will result:

“This operation requires an occupy point with a valid
elevation.”

Examples of routines that require elevations and do not support 2D
points include:

e Slope Staking

e Stake DTM

e Vertical Angle Offset

e All Road Layout Routines

You can quickly see if any 2D points exist in the current job by
opening the | Job | | Edit Points | screen and scrolling down the Elevation
field. Any point where the elevation is shown as ‘---" is a 2D point.
You can convert a 3D point to a 2D point by simply editing the point
and deleting the elevation.

The items below explain what to expect when working with 2D points
in a variety of situations.

Traverse / Side shot

Setting up over a 2D occupy point will result in any traverse or side
shot taken from that point to also have no elevations. When a 2D
point is selected as the occupy point in the Backsight Setup screen,
the following message will be displayed:
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“Note: Selected occupy point has no elevation. All points
computed with this point will have no elevation
computed for them.”

An elevation adjustment on a traverse containing any 2D points is
not possible. If an attempt is made to do so, the following message is
displayed:

“Traverse contains a 2D point. Cannot adjust
elevations.”

Point Stake

When performing point stake using a 2D point, no cut/fill information
is provided. This is the case when either the occupy point or the stake
point is 2D. Cut/fill information is only provided when both the
occupy point and stake point have elevations.

Offset Stake

Offset stakeout functions similar to point stake, although cut/fill
information can be generated when using a 2D alignment and 3D
occupy point when a design elevation for the stake point is provided.
The following message is displayed in this situation:

“A 2D alignment has been selected; no cut/fill
information will be computed unless a design elevation
is entered.”

Slope Stake
Slope staking is not possible when using 2D points since elevations
are required.

Control Points

Control points can be all 2D, all 3D, or a mixture of both. The same
limitations for working with 2D non-control points will apply when
working with 2D control points.
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Polylines

Lines can be added to your project that can represent anything such
as a roadway, a building, or a lot boundary. These lines are referred
to as polylines. Polylines can be compared to the point lists used in
other TDS data collection software. They can consist of several
individual curved and straight sections. A point must be stored in the
project for all the locations on the polyline where a new section begins
and ends.

Polylines can be used to compute information such as the perimeter
and area for a lot boundary. They can also make it easier to compute
and store offset points for the sides of a roadway when a polyline
exists that defines a roadway centerline.

Refer to the Reference Manual for information on all the screens that
are used to create and edit polylines.
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Alignments

Alignments are similar to polylines in that they define specific lines
in the current job and typically describe the centerline of a road. An
alignment can then be used in the Offset Staking, Offset Points,
Offset Lines, and Slope Staking screens. Unlike polylines, alignments
do not need points for the locations where the alignment changes
(called nodes).

Alignments are created by separately defining the horizontal and
vertical details of a line. Although no points are required to define an
alignment, the starting position must be tied to a specific location in
the current job, the POB, which can be defined by an existing point or
known coordinates.

The horizontal and vertical details of an alignment are defined in
sections. The first horizontal and vertical section always begins at the
specified starting location and each new segment is appended to the
previous horizontal or vertical segment.

Once all the horizontal and vertical alignment segments are defined,
Survey Pro merges the information to create a single 3-dimensional
line.

The vertical alignment (VAL) must be equal in length or longer than
the horizontal alignment. The HAL must not be longer than the VAL.
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Creating an Alignment

In this step-by-step example, we will create an alignment
that has all the possible horizontal and vertical segment

Eﬁ] Add/Edit aAlignments

Attributes
PT: 7 Mo

¢ Right Curve

New... |[ Edit... |[Delete... |[+]
———

H W

Elose &l*

Edit Alignment

M |5000 ft
Start
Lacation E: |9000 ft
Elev:
¥ Location: | [100 ft |[*]

Start Station  [0+00.0 [~

HaL | vaL | poR | General |

Cancel ﬁl‘

types.

1.

Select | Job | | Edit Alignments | from the Main Menu. If
any alignments exist in the current job, they will be
listed in this screen. An existing alignment can then
be edited or deleted, but for this example, we will
create a new alignment.

Tap to create a new alignment. This will open
the Edit Alignments screen where you can begin
adding horizontal and vertical segments.

Tap the POB tab and enter North, East and Elev
coordinates of 5000, 5000, 100. This will be the
starting location of the horizontal and vertical
definition. (Alternatively, you could define the
starting location by tapping the | » Location |/ |» Point|
button where is displayed and then select an
existing point.)

51



User's Manual

Horizontal Alignment

4. Tap the HAL (Horizontal Alignment) tab and then tap

52

the button. This will open the Edit Segment
screen where the first horizontal alignment segment
can be defined.

Tap the Line tab to insert a straight line segment.

Enter a Length of 100 and an of 0.

Tap @ to add the segment to the horizontal
alignment. You will return to the Edit Alignment
screen where the new segment is displayed. The
graphic shows every horizontal segment entered so
far with the selected segment in bold. The dot in the
picture indicates the beginning of the selected
segment (in this case it is the end). This is where the

next segment will be placed when using the
button.

Eﬂ Edit Alignment

Length

0 Make this segrnent tangent to
previous

[ » samuth: |

Lirne | Arc | Spiral |
Cancel

Edit Alignment

— Az=0°00'00",L=100.0/| Insert...

I ] [T ]| Remove
Sta: 1+00.000
Azi: 0°00'00"
N
&
&
S
| — R Y3
HaL [ vaL | poe | General |
Cancel ﬂll*




Edit Alignment

[ » Raclus: oot =]
[» Detta: |[4s.0000 ][]
Turn: ) Left (#) Right

[» samuth: |

Make this seament tangent to
previous

H

Line | Arc | Spiral |

Cancel

{ok)

Edit Alignment

fmor ¥

Radius
B T
Turn: ) Left () Right

Dirr () TStoSC @) CSta ST

Makg this segrnent tangent to
oreviols

||45.0000

=]

| b Azirmuth:

/’_\

H

Line | Lrc | Spiral |

Cancel ﬂll*
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Tap the button again and then tap the Arc tab
to insert a horizontal curve.

Enter a of 100, a of 45 and select a

& Right turn. Check the Make this segment tangent to
previous checkbox so that the curve will be positioned
so the entrance to the curve is tangent to the end of
the previous segment.

Tap @ to add the segment to the horizontal
alignment.

Note: A new segment can be inserted between two
existing segments by selecting the existing segment that
is to occur after the new segment and then tapping the

button.

10.

11.

12.

Tap the button again and then tap the Spiral
tab to insert a spiral curve.

Enter a Radius of 100, a Length of 200, select a & Right
of turn and a # CS to ST direction, and check the
Make this segment tangent to previous checkbox.

Tap @ to add the segment to the horizontal
alignment. This completes the horizontal definition.
You now need to define the vertical alignment.
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Note: When creating a new horizontal segment and
using the Make this segment tangent to previous option,
the new segment will appear in the Edit Alignment
screen tagged with a (P) (see picture). This means that if
the previous horizontal segment is edited or deleted,
thus changing the orientation, all subsequent horizontal
segments that have the (P) tag will also be adjusted so
they will remain tangent to the previous segments.

Vertical Alignment

We have now added all available horizontal segment
types. Next, we will define the vertical alignment.

The horizontal and vertical alignments are defined

Eﬂ Edit Alignment

— £z=0°00'00",L=100.0|[ Insert...
— 2§P)=45°DD'DD",R=1
<] m [ [»|| Remove

Sta: 1+00.000

Azi: 0°00'00"

ROV

5

B ==F L

Hat | vaL [ PoB | General |

Cancel &l‘

independently of each other, but the first vertical segment that is
defined will always start at the same POB defined for the horizontal

alignment (Step 3).
13. Tap the VAL (Vertical Alignment) tab and then tap

the button.

Tap the V. Grade tab to insert a grade. Enter a
Length of 150 and a Grade of 4%.

14.

15. Tap @ to add the segment to the vertical alignment.

54

Eﬂ Edit Alignment I:El:c}
Length 150.0 ft [~
=
--__‘_-ﬂ'—-
v

| Get Previous Grade |

W, Grade | W, Curve |

Cancel




Edit Alignment

Length Z50.0 ft [~
B
N

e

W

| Get Previous Grade |

Y. Grade | V. Curve
Cancel ﬂll*

Eﬂ Edit Alignment

Description:

|R0adwa\,r |

Layer: |F‘0ints v|E
Feature:  «Mone:x Attributes...

HaL | VaL | POB | General

Cancel &l*
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16. Tap the button again and then tap the V.
Curve tab to insert a parabolic vertical curve. Enter a
Length of 250 and tap the |Get Previous Grade| button
to automatically set the Start Grade to the ending
grade of the previous segment. Enter an End Grade of
-2%.

17. Tap @ to add the segment to the vertical alignment.

18. Tap the General tab and enter a Description of
Roadway.
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19. Tap @ from the Edit Alignment screen to return to £ add/edit Alignments
the Add/Edit Alignments screen where the new
alignment is stored and displayed.

Diescription FOB

) Right Curve PT: 7
You have now completed a new alignment using all the
available types of segments. You can select the new
alignment for use in the Offset Staking, Offset Points,
Offset Lines and Road Layout routines.

4] i [ [w

Note: If the horizontal and vertical alignments end at [ New... |[ Edit... |[Delete... |[+]
different stations, they can only be processed in the
stgklng routines as far as the end of the shortest —
alignment.
H W
Close ﬂll*
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Conventional Fieldwork

This section will explain how to get started using Survey Pro to
collect data from a total station and perform stake out. It is assumed
that you are familiar with the operation of your total station.

The first section describes the backsight setup procedures for various
scenarios. The next section walks you through the steps involved to
setup and perform a simple side shot and traverse shot. The third
section walks you through a simple point-staking example.

The remainder of the chapter illustrates the procedures to perform
the more complex routines in the Survey Pro software in a step-by-
step manner. They are intended to explain only how to use a
particular routine without the need for you to enter any specific
values to read through the example.

When beginning any job, the setup is the same; you need to establish
an occupy point and a backsight.

The occupy point is the point where you will setup the total station.
The coordinates for the occupy point must exist in the current job or
active control file. They can be assumed coordinates; known
coordinates; or computed with the resection routine. (The resection
routine is discussed later.) Any point in the current job can be an
occupy point.

Once an occupy point is established, the second reference you need is
a backsight point or direction. This can be in the form of a point
stored in the current job, or an azimuth or bearing.

The horizontal angles recorded during data collection are relative to
the backsight. If a point is not available in the job to use as a
backsight, you can assume a backsight direction or you can use the
solar observation routine, described later, to establish a backsight.

The scenarios below will describe four different possibilities for
defining a backsight.
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Scenario One

You know the coordinates and locations for two points on your lot and
want to occupy one and use the other as a backsight.

Solution

1.

Create a job using the coordinates for one of the known points as
the first point.

Use the Edit Points routine to add a second point using the
coordinates for the remaining known point.

From the Backsight Setup screen, set the Occupy Point field to the
point number of one known point and setup the total station over
that point.

Toggle the | BS Direction |/ BS Point | button to and

enter the point name for the second known point in that field.

Aim the total station toward the other point and tap to
open the Backsight Solved screen.

Confirm the BS Circle value is zero and tap | Send Circle | to zero

the horizontal angle on the instrument, then tap @. If the Always
Prompt for Backsight Check option is checked in the Job > Settings
> General screen, you will be prompted to check your backsight.

You are now ready to start your survey.
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Scenario Two

You have found two points on your lot and know the azimuth between
them, but you do not have coordinates for either.

Solution
1. Create a job using the default coordinates for the first point.

2. From the Backsight Setup screen, set the Occupy Point field to the
point that was just created.

3. Setup the total station over the point where the known azimuth is
referenced.

4. Toggle the | BS Direction |/ | BS Point | button to and

enter the known azimuth to the second point here.

5. Aim the total station toward the second point and tap to
open the Backsight Solved screen.

6. Confirm the BS Circle value is zero and tap | Send Circle | to zero

the horizontal angle on the instrument, then tap .

You can optionally take a shot at the backsight by pressing the
| Store Backsight Point | button from the Backsight Solved screen so you
have coordinates for it.

You are now ready to start your survey.

If you later find true state plane coordinates for any of the points in
your job, you can use the Translate routine to adjust all the
coordinates accordingly.
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Scenario Three

You have one point established on your lot and you know the azimuth
to an observable reference.

Solution

1. Create a job using the coordinates of the established point for the
first point. If the coordinates are unknown, accept the default
coordinates.

2. From the Backsight Setup screen, set the Occupy Point field to the
point that was just created.

3. Setup the total station over the established point.

4. Toggle the | BS Direction |/ | BS Point | button to and

enter the azimuth to the observable reference here.

5. Aim the total station toward the observable reference and tap

to open the Backsight Solved screen.
6. Confirm the BS Circle value is zero and tap | Send Circle | to zero

the horizontal angle on the instrument, then tap @. If the Always
Prompt for Backsight Check option is checked in the Job > Settings
> General screen, you will be prompted to check your backsight.

If you later find true State Plane coordinates for any of the points in
your job, you can use the Translate routine to adjust all the
coordinates accordingly.
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Scenario Four

You have only one known point on a job.
Solution

You have two options in this situation. One, you can assume an
azimuth for an arbitrary backsight reference and rotate the job later
using the Rotate routine once you have determined the actual
orientation.

Secondly, you can use the Sun Shot routine to determine an azimuth
to an arbitrary reference.
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Summary

In general, you would follow these steps when you begin working on a
job.

1. Create a new job or open an existing job.
2. Setup over the Occupy Point.

3. Aim the total station toward the backsight and zero the
horizontal angle on the instrument.

4. Fillin the Backsight Setup screen and tap to open the
Backsight Solved screen.

5. Confirm the BS Circle value is zero and tap | Send Circle | to zero

the horizontal angle on the instrument, then tap @. If the Always
Prompt for Backsight Check option is checked in the Job > Settings
> General screen, you will be prompted to check your backsight.

6. Start your survey.

Note: The backsight circle angle is subtracted from all horizontal
angles that are read during data collection and the resulting points
are adjusted accordingly. This is usually only done when surveying in
true azimuths. This value can be change from the Backsight Circle or
Backsight Solved screens.

Most non-staking related data collection is performed from the
Traverse / Sideshot screen. When you take a shot using the
button, the routine expects that you will eventually be occupying the
foresight that you are shooting and backsighting your current occupy
point. When you are ready to setup on the next point, the occupy,
foresight and backsight points will automatically be updated
accordingly.

After taking a shot using the | Side Shot [ button, the routine does not
expect the total station to be moved before the next shot and will
therefore only automatically advance the foresight point.
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Data Collection Example

This section illustrates the necessary setup and usage of the Traverse
/ Side Shot screen, which is the primary screen used during data
collection. We will create a new job and manually add another point
to the job to use as a backsight. We will run in Manual Mode so the
shot data must be entered manually. This example and the following
stakeout example are the only examples that are designed where the
user should follow along and enter the values in their data collector
as they are provided in the example.

Setup

1. Create a new job.

% Open a Recent Jobh ——
Filenarne

@ Open an Existing lob

% Create a Mew Joh

5 - 4
jobl 3-19-2004 1
DTM 3-18-2004 3
Point Slope Stake  3-17-2004 1
jobz 3-11-2004 3
Stake Test 001 2-2-2004 10
A m ] D

Open

Browse...

D @

a. From the Main Menu, select | File | | Open / New |

b. Tap to open the Create a New Job

screen.
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c. Enter any job name that you wish in the Job

Name field and tap .

d. For this example, simply accept the default job

settings and tap .

oF ox 2:31

l.f».f’j" Create a Mew Job

Cirectary:
Y Built-in Storage’, Survey Pro
Jobs',

Job Marne:

I

rControl File
[ tmport a Cantral File

Note: When creating a new job, it is important that the
Units for Distances field be set to the correct units. This
allows you to seamlessly switch between different units
in mid-job.

Problems can arise if these units are inadvertently set to
the incorrect units when entering new data. For
example, assume a new job was created by hand-
entering a list of coordinates where the job was set to
International Feet and the coordinates being entered were
in US Survey Feet. Now assume you created another
new job and correctly set it to US Survey Feet. If you then
imported the hand-entered points from the other job,

@ 7 7 IS
l.f».f’j" Create aMew Job  §f wfx 2:31
Azimuth  [arth Azimuth -
Type:
Units for |Feet .|
Distances:
Units for
Angles: |Degrees hd |
m Adjust for Earth Curvature [
Refraction
Lze Scale
D Factor: |1'D |
| < Back || MNext = |
o 7 - A

they would be converted to different units when no conversion should
have taken place. Depending on the magnitude of the imported
coordinates, the error after the conversion could be significant.
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l.f».f'j" Create aNew Job & ={x 2:33

rEnter First Point

Pairt Mame:
Morthing:
Elervation:
Description:
| < Back | | Finish |
o 7 A
&3 dx 301
Marme | Part | Brand |
Trimble COM1  Trimble S
L 3anual Mode

Chl Il | [»

Instrument Create New
Settings... Instrument...

| Activate Selected Instrument |

| Delete || Import ... || Export... |

Instrument | lnits | Format | Files | ﬂ 4 | ¥

© 0 2 Al
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e. Accept the default coordinates for the first job

point by tapping | Finish |. You will return to the
Main Menu.

2. Check the job settings.

a. Tap|Job | Settings | from the Main Menu to open
the Settings screen.

b. Tap the Instrument tab if it is not already selected
and make sure the Manual Mode profile is
activated. If the & symbol is not shown next to it,

select Manual Mode and tap .
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c. For this example, tap the Surveying card and un-
check all the checkboxes.

d. Tap @ (OK) to save the job settings.

3. Add a backsight point to the job.

66

a. Select | Job | | Edit Points | from the Main Menu.

b. Tap and

enter a new point
using the General
and Location cards
with the following
values, as shown:
Point Name: 2
Northing: 5050
Easting: 5050
Elevation: 100
Description:
Backsight

and then tap @.

i3 |settings & o 2:34

[JPrompt for Description
[JPrompt for Height of Rod
[ 5urvey with True Azimuths
[]Adjust for Earth Curvature f Refracti—|
[]Detect Duplicate Shots -
l:||u e Classic Flamr joht Setun | h

I

3
rScale Factor:

[] Use Scale Factor:

Caonventional measurements not
scaled,

| Compute Scale |

n Frompt to Reset Scale with Mew
Setups

Farmat | Files | Surveying | Stakeout| 4 | k

o 9 2 Al

{£F |Insert Point & x 2:37

Mot thitg:
[s050.0 1t |

Easting:
|5050.0 ft |

Elevation:
[100.0 |

Gereral | Location | Geodetic |

&F o4x 2:36

Paint Marme:

2 |
Description:

|Backsight |
Layer:

|F‘Dil"ltS v|E
Feature:
Gereral | Location | Geodetic |
©® O ¢ Al

@ 0o 9 7

L]




l.f».f'j" Backsight Setup &F ofx 2:39

+ Occupy Paint: |E|

H: [soft | HR: [soft |
[pEspant:  |[fal]f2 [l

[ | Fixed HR at Backsight: 0.0 ft

Backsight Circle: 0°00'00™

Current BS Direction:  ---

| Check... || Circle... ||_§ulve... |

Conventional Fieldwork

4. Set up your backsight. In this example, we will setup
on Point 1 and backsight Point 2, which was just
created.

a. Access the | Survey | | Backsight Setup | screen.

b. In the Occupy Point field, enter 1 as the point
name.

Tip: You can also select an existing point from a map
view or from a list by using the Ll power button.

1nput | ] map |

o 7 A

c. Enter an HI and HR of 5 feet each.

d. Toggle the | BS Direction |/ | BS Point | button to

BS Point | and enter 2 as the point name.
e. Leave the Fixed HR at Backsight field unchecked.

‘.ﬁ;“ Backsight Solved & o{x 2:41

Set Backsight Circle ————————
BS Paint: 2

BS Cirection:  45°00'00"

BSCrle:  [0.0000 |
| Send Circle | | Read Circle |
Check Backsight ——————— ¢
| By Distance | | By Anhgle |
9 Q0 7 Al

f. Tap to open the Backsight Solved

screen.

g. Confirm that the BS Circle value is zero. If not,
change it to zero.

h. Tap the button. This would
normally zero the horizontal angle on the
instrument and is a required step to properly exit
from the screen.
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i. Tap @@ to exit from the Backsight Solved screen.
The map view will open showing your current
setup.

j. Tap & (Close) to continue.

Performing a Side Shot

5.

68

Access the | Survey | | Traverse / Sideshot | screen and
fill in the appropriate fields. The backsight
information is displayed in the lower portion of the
screen. At this point, it is assumed that your total
station is over the occupy point and its horizontal

angle was zeroed while aiming toward the backsight.

a. Inthe Traverse / Sideshot screen, enter the
following data:
Foresight: 3
Description: SS
HR: 5
These values will define the point name,
description, and rod height for the next point
that is stored.

Assuming that the total station is aiming toward

S |

O w0 f

Backsight Setup &F ofx 2145

Input | Map |

Q@ 7 7

@ focsot. B ]
Cescription: 55
Height of Rod:

|ﬁacksight...|| Traverse |

Side Shot |

OCC: 1 HL 5.000 BS: 2, 45°00'00"

Input | ResLilts | Map |

QE ¢ 7

s

the prism, which is located over the foresight, tap .
When connected to an instrument, this would trigger the total
station to take a shot, compute coordinates for the new point
and store it. Since we are running in Manual Mode, we will

enter the shot data from the keypad.

c. Enter the following data:

Angle Right: 70
Zenith: 90

Slope Dist: 100 and then tap & (OK). The new point is
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computed and stored. The Foresight point will automatically
advance to the next available point name and the information
from the last shot is displayed on the screen.

d. You can see a graphical representation of the

‘.ﬁrj“ Traverse / Sideshol &F =(x 3:07

- previous shot by tapping the Map tab. See Page
] 24 for more information on the Map View.
gacksight

EIEorE RE

Performing a Traverse Shot

55| 6. The steps involved in performing a side shot are

e nearly identical to performing a traverse shot. The
Input | Results | Map | difference is you must specify if you plan to move the
[ ] ® 5% A total station to the current foresight point after the

shot is taken.

£ | Traverse / Sideshol & =x 3:08 a. Tapthe tab of the Traverse / Sideshot
o Foescht: |4 |[¥] screen. The Foresight point should now be
Cescription: 55 updated to4.
Height of Rod: b. Assuming that you are now aiming the total
Point: 3 station at a prism located over the foresight
Angle Right:  70°00'00" deg : : :
Zerith: 50°0000" cleg pom_t, tap . This would trlg_ger the total
Slope Dist:  100.000  feet station to take a shot, compute coordinates for
Elevaion:  100.000  feet the new point and store it. Since we are running

in Manual Mode, we will enter the shot data from

|ﬁacksight... || Traverse | Side Shot | the keypad.
OCC: 1 HE 5.000 BS: 2, 45°00°00"

c. Enter the following data:
Angle Right: 45
Zenith: 90
Slope Dist: 50 and then tap &@.

Input | ResLilts | Map |
om ? - Al
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The new point is computed and stored and the
Traverse Now or Later prompt will open asking if
you want to advance to the new point now or later.

For this example, tap the button.

The New Occupy Point dialog box will open, shown
here, which displays details of the new setup. You
can see that the previous foresight point is now the
current occupy point and the previous occupy point is
now the current backsight point.

l.f».f’j" Traverse Now or Lal $ ={x 3:10

You can either traverse to the new
poink niowy ar later by pressing the
Traverse' button again.

Traverse Point:

| Traverse Now |

| Traverse Later |

Note: If you selected to traverse later, the traverse point
is still stored, but you would then have the opportunity
to shoot additional side shots before you advanced to the
next point. This is useful when you want to shoot the
traverse shot first before any settling occurs to the
tripod. In that situation, when you are ready to advance,

you would tap again where you would then
answer to a prompt that asks if you are ready to advance
or re-shoot the traverse point. (If you select to re-shoot

‘.Ej" New Occupy Point & ={x 3:11

The Dcoupy and Backsight points have
changed.

Mewe Occupy Point: 4
Mewy Backsight Point: 1
Mesy Backsight Circle: 0°00'o0™

Height of Instrument:

Setup on the nesw Occupy point and
sight the new Backsight point and press
‘Send Circle to Instrurnent’.

|§end Circle to Instrument |

| Backsight Setup... |

Q 7 ¢ Al

the traverse point, the previous traverse point is still stored, but as a

side shot.)

d. Since we are running in Manual Mode and cannot send data
to an instrument, tap € (Close). You will notice at the top of
the Traverse Sideshot screen that the occupy point has been
updated to 4, the backsight is updated to 1, and the foresight
is updated to 5, which is the next available point name.
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When out in the field, you would now move your total station over the
new occupy point, aim it toward the previous occupy point (the
current backsight), enter the correct instrument height in the Height
of Instrument field and tap | Send Circle to Instrument | This would
update the Traverse / Side Shot screen and set the total station’s

horizontal angle to zero where you are then ready to collect more
data.

| Description | Morthing. .. | =
Start 5,000,000 FH
Backsight 5,050,000 FH
55 4,957,728 4
[~

| [»

E [[ Insert... || Delete... |
find... | Find test || GoTo.. |
Al

You have now created a job, checked the settings, setup a
backsight and collected data in the form of a side shot
and a traverse shot. If, at any time, you want to view the

coordinates of your points, you can do so from the ,

Edit Points | screen.

Data Collection Summary

1
2
3.
4

Open or create a job.
Check the job settings.
Setup a backsight.

Collect data in the form of traverse shots or side
shots.
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Stakeout Example

When setting up to perform stakeout, the requirements are nearly
the same as with data collection. You need an existing occupy point,
backsight point or direction, and a foresight. The main difference is
existing points are being located during stakeout rather than new
points being collected.

In the example below, all of the steps required to perform a simple
point staking job are explained from the initial setup to the staking
itself. For consistency, this example assumes you are running Survey
Pro in Manual Mode so the shot data will need to be input from the
keypad. The software behaves differently in Manual Mode compared
to when using a total station. The differences are noted where
applicable.

For this example we will use the job that was created with the
Traverse / Side Shot Example, above. When staking the first point,
we will take two shots to the prism to “home-in” on the design point.
When staking the second point, we will only take one shot combined
with the Store/Tape routine to store the stake point.

Set Up

1. Open the job that was created in the Traverse / Side Shot
example.

a. From the Main Menu, select | File | | Open / New | to open the
Open / New screen.
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b. Tap the file name that was created earlier listed
in the Open Recent Job list and then tap .

Point | Description | Karthing. .. | E | .

71 Start 5000000 9 The coordinates for that job are shown here.
+ z Backsight — 5,050.000 5

3 55 4,957,738 o

i 4 c

2. Set the job settings. (Only the settings that affect
this example are covered here.)

a. Select | Job | |Settings | from the Main Menu.

4 1] [ D
| Edit... || Insert.. || Delete... |
| Bnd.. | findest || GoTo.. |
e ¢ 7 IS
b. Tap the Instrument tab if it is not already selected
e and make sure the Manual Mode profile is
Marne |Port [Erand | activated. If the @& symbol is not shown next to it,
o MI_“H COML Trmble o select Manual Mode and tap [ Activate |.

c. Tap the Surveying tab and confirm that all of the
checkboxes are unchecked.

<] I [ [ d. Tap the Stakeout tab and make sure the Cut

Instrument Create New Sheet Offset Stored field is set to Actual Offset.
Settings... Instrument...

| Activate Selected Instrument |

Note: When performing stakeout, you have the option of
| Delete | [tmport... || Bxport | | gporing cut sheet information. This information is stored
. - in the raw data file, and when using software on a PC,
instrument [ Units | Format [ Fles [{«[» | ¢ o 20’5y rvey Link, it can be extracted to create a cut

& 0 2 = B sheet report.

e. Tap @ to save the job settings.

3. Setup your backsight. In this example, we will setup on Point 1
and backsight an object where it is assumed that the direction to
that object is known. When connected to a total station, you
would setup over your occupy point and aim toward the backsight
before continuing.
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Access the | Survey | | Backsight Setup | screen.

In the Occupy Point field, enter 1 as the point
name.

Toggle the | BS Direction |/ | BS Point | button to

BS Direction [ and enter 0 as the backsight

direction.
Enter an HI and HR of 5 feet.

Leave the Fixed HR at Backsight field unchecked.

Tap to open the Backsight Solved

screen.

Confirm that the BS Circle value is zero. If not,
change it to zero.

Tap the button. This would
normally zero the horizontal angle on the
instrument and is a required step to properly
exit from the screen.

&F o4x 3:23

l.f».f’j" Backsight Setup

+ Occupy Paint: |E|

H: [s0ft | HR: [soft |

| »BS Direction: |[0.0000 |4

[ | Fixed HR at Backsight: 0.0 ft

0°00'00"
Current BS Cirection: 020000

Backsight Circle:

| Check... || Circle... ||_§ulve... |

1nput | ] map |

o 7 - Al
‘.Ej" Backsight Solved & «{x 3:27

Set Backsight Circle ———————
BSPoint: | Store Backsight Point |
BS Cirection:  0°00'00"

BS Crdle:  [0.0000 |
| Send Circle | | Read Circle |
Check Backsight ——— ™ ¢
| By Distance | | By Anhgle |
Q@ 9 7 Al




¥ |Backsight Setup &F o4x 3:28

=

1
'@Start

EIECERE

| —

ESl tnput | ] map
e 7 7

L]
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i. Tap® (OK). The Map View will automatically
open showing your current setup. Tap & (Close)
to continue.

Staking Points

4. Stake the first design point (Point 2).

#3 |Stake Points &F ox 3:32

=+ Design Paint: Izl

Increment:
Next Point >

Height of Rod: 5.0ft

OCC 1 HL 5.000 BS: 0°00'00"

Backsight...

0 & 7 A

a. Access the | Stakeout | | Stake Points |screen from
the Main Menu. The backsight information is
displayed near the bottom of the screen. At this
point, it is assumed your total station is over the
occupy point and its horizontal angle was zeroed
while aiming toward the backsight.

b. Enter the following data in the Stake Points
screen:
Design point: 2
Increment: 1

Height of rod: 5 and tap .
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The second Stake Points screen will open that
displays all of the information needed to locate
the design point. When connected to a total
station, you would turn the total station
horizontally to 45°00'00”, vertically to 90°00'00”
and send the rod man out about 70 feet before
continuing. Tap the button to continue
to the third screen.

With a Height of rod of 5, tap the button.
(See the Reference Manual for an explanation of
the other fields.)

Enter the following shot data:

Angle Right: 45

Zenith: 90

Slope Dist: 70 and then tap @ to continue.

&F o4x 3:33

#¥ |5take Points

Ciesign Point:
2
Cescription:
Backsight
rFrom Gun to Design Point:
Angle Right: Ez
45°00'00" B
Harz Dist:
¥0.711
Wert Dist:
0.000

ZE to Rod: 1
90°00'00" Start H

OCC: 1 HL: 5.000 BS: 0°00'00"

|_Qircle Zero | | < Back || Stake > |

0 & ? A

-From GUN to ROD: Height of
FORWARD: --- Rod:
Go RIGHT:  --- 5.0 ft
Design Pnt: 2 CUT:
Rod Elev:  -— -
Design Eles: 100.000 | Change...
EDIM: v
-Shot Data:
angle Right: Shot
- Stake Next =
Zenith:
Store S5...
gl Dist:
DPE " Store/Tape...
| < Back || Store... |
Q ? 2 I\
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i3 |stake Points o 4335 f. The Stake Points screen will show the necessary

From GUN to ROD: eght of FORWARD / BACK and Go RIGHT / Go LEFT
BACK: 0.711 Rod: information that the rod man must move in order
Go RIGHT:  0.000 SOft to be located over the design point. In this
Design Prit; 2 FILL; example, the Go RIGHT value indicates 0, which
RodEev: 100.000  0.000 means the rod is precisely on the line between
Design Elev: 100.000 | Change... the total station and the design point. The BACK
fﬁit[ﬂﬂl value indicates 0.711, which indicates that the
sngle Right: [ shot | rod must move back (away from the total station)
45°00'00" 0.711 feet to be over the design point. The Fill
Zegtuﬁ’m.uu.. value is zero so no dirt needs to be cut or filled at
Slope Dist: the rod location to match the design elevation.
70.000
[ <Back || Store... | g. Assuming the rod has been repositioned, take
) ? * A another shot by tapping the button and

enter the following new shot data:
Angle Right: 45

Zenith Angle: 90

Slope Dist: 70.8 and then tap @ to continue.

h. The rod must now move FORWARD by 0.089 feet
to be over the design point. We will assume that

#3 |Stake Points &F % 3:37

rFrom GUN to ROD:

Height of

FORWARD: 0.089 Bod: this is close enough and will store the point from
Go RIGHT:  0.000 5.0 ft this shot by tapping the | Store... | button.
Design Prt: 2 FILL: . . . . .
Rod Elev:  100.000 0.000 i. Enter the following point information:
Diesign Elev: 100.000 |Change... Point: 5
EDM: | Inst. EDM wr Description: Staked and tap €. This will return
-Shot Data: you to the first Point Stake screen.
angle Right: Iﬁh—utl
Zenith:
e e
| < Back || Store... |
Q P 3 15
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5. Stake the next design point. 8|5t ake Points £ 4% 340

a. We want to stake the next design point in the

project. The Design Point should automatically +oesgneart: [z ]
advance by the Increment value. Make sure the Increment:

Design Point is set to 3 and then tap to

open the second Stake Points screen.

Height of Rod: 5.0ft

OCC: 1 HL 5.000 BS: 0°00'00"

) ? Al

b. The information needed to locate the next design
point is displayed. When connected to a total S
station, you would turn the total station 3 '
horizontally to 115°00’00”, vertically to 90°00'00” | bescriptian:
and send the rod man out about 100 feet before 55 . )

rFrom Gun to Design Point:

continuing. Tap the|_Stake > | button to continue angle Right: é

#¥ |Stake Points &F x 343

to the third screen. 115°00'00" .
Haorz Dist: Start
c. Tapthe button and enter the following VE}?giﬂ?u
shot data: 0.000 E!E
N ZE to Rod:
Ang_le Right: 115 00°00'00" y
Zenith: 90

. A OCC: 1 HI: 5.000 BS: 0*00'00"
Slope Dist: 99.8 and then tap @ (OK) to continue.

|_Qircle Zero | | < Back || Stake > |

0 ? = Al
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iy - e "
g |Stake Points S RS d. The rod man needs to move back by 0.2 feet to be

rF GUN to ROD: i . .
byt E'De'jht of over the design point. Rather than take another
GoRIGHT:  0.000 S0 f shot, we will instruct him to use a tape and place
Design Prt: 3 FILL: a stake at that location. Tap the | Store/Tape...

Rod Elev:  100.000 0.000 button to store the point.

Design Eles: 100.000 | Change...
EDN: Inst. EDM W

-Shot Data:

andle Right: | Shot |
i o N
115°00°00 Stake Next =
Zenith:
qo=00'o0™ Store 55...
Slope Dist:
090,800 Store/ Tape...

| < Back || Store... |

CEES A

e. Enter the following data in the Store Point (Tape
Offset) screen:

@ Point: e I Point Name: 6

Description: |Staked | Description: Staked

Point wil be stored at an offset along Tape Out/Tape In (+/-): 0.2 and then tap . This
the gun-target line. will result in coordinates for the stored point that
Tape Out{Tape In (+/-): [0.2 ft are 0.2 feet further from the total station than

the last shot to the prism.

Note: Negative Tape Out/Tape In values are toward the
total station and positive values are away from the total

station.

o 0 7 - &F

Point Staking Summary

1. Open a job that contains the design points that you want to stake.
2. Check the job settings.

3. Setup a backsight.
4

Stake the points from the Stake Points screen.
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Surveying with True Azimuths

Some people need to collect all of their horizontal angles in the form
of azimuths. Survey Pro can help automate this process by computing
the backsight azimuth after each new setup in a traverse and
updating the backsight circle and total station’s horizontal angle
accordingly.

1.

You can setup on any existing point and use any other point in
the job as a backsight if the coordinate system is properly aligned
with true north. If not, you can occupy any point as long you have
a known azimuth to any reference.

In the Surveying Settings screen (Job > Settings > Surveying),
confirm that the Survey with True Azimuths checkbox is checked.

Set up the total station over the occupy point and aim it toward
your backsight.

Access the Backsight Setup screen; enter the Occupy Point, and

toggle the | BS Direction |/| BS Point | button to | BS Direction |.

Note: When backsighting on a point, selecting BS Direction| can still

be used, as described next, making it easier to view the azimuth to
the backsight.
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If backsighting a known azimuth, enter it in the BS Direction field.
If backsighting a point, use the shortcut method to enter the
azimuth from the occupy point to the backsight point in the BS
Direction field. For example, if you are occupying Point 1 and
backsighting Point 2, enter 1-2 in the BS Direction field. Once the
cursor leaves that field, the computed azimuth will replace what
you typed.

Tap . The Backsight Solved screen will open.

If the backsight azimuth is not already in the BS Circle field, enter
it.
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8. Tap |Send Circle |. This will set the backsight circle as the

horizontal angle in the total station and set the same angle as the
Backsight Circle value. This angle will then be subtracted from all
horizontal angles received from the total station.

l.f».f'j" New Occupy Point & ={x 8:40

The Ocoupy and Backsight points hawve
changed.

Mewy OCcupy Point: 6
Mesy Backsight Point: 1
Mesy Backsight Circle: 228°00'00"

Height of Instrurment:

Setup on the new Oocupy point and
zight the new Backsight point and press
‘Send Circle to Instrurnent’.

|send circle to Instrument |

| Backsight Setup... |

o 7 - A

9. Begin your survey. When you traverse to a new
point, the New Occupy Point dialog box will open
showing you the azimuth computed to the new
backsight point from the new occupy point. Once you
are set up over the new occupy point, and aiming
toward the new backsight point, press the | Send|
|Circ|e to Instrument |button to update the Backsight
Circle value and the horizontal angle on the total

station. Repeat this step after setting up on each new
traverse point.
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Road Layout

Overview

The Road menu contains a powerful set of routines that allow you to
enter and modify road layout information and then stake the road in
the field. The road staking routines allow you to stake any part of the
road or slope stake the road.

There are four basic components of a road: The Horizontal Alignment;
the Vertical Alignment; Templates, and a POB. All of these
components are described separately below and each is a required
component to a complete road definition.

Horizontal Alignment (HAL)

The horizontal alignment, referred to as the HAL, defines the
horizontal features of an alignment. It can contain information on
straight, curved, and spiral sections of the alignment. Generally the
HAL coincides with the centerline of a road, but it is not required to
be the centerline. All stationing for an alignment will come from the
HAL.

Vertical Alignment (VAL)

The vertical alignment, referred to as the VAL, defines the vertical
components of the alignment including grades and parabolic vertical
curves.

The VAL is generated in the same way as the HAL. The VAL can be
the same length as the HAL, or longer, but it cannot be shorter.

Templates

Templates contain the cross section information for the road.

Templates are stored in separate files with a TP5 extension so they
can be used with multiple jobs. The templates are broken down into
sections, called segments. Each segment contains a specified length,
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and slope or change in elevation. Templates can contain as many
segments as needed, but must have at least one segment. Each
segment describes one component of the cross section such as the
roadbed, curb face, top of curb, ditch, etc. Each road alignment can
contain as many templates as required to define the roadway, but all
the templates used on one side of the road must have the same
number of segments.

Templates can be further modified using widenings and super
elevations:

Widenings are used to widen or to narrow the first segment of a
template. The remaining segments of the template are not affected.
This feature is intended to be a way of controlling the width of the
first segment, typically the roadbed, without having to create and
manage additional template files. Widening definitions basically act
as two templates that modify the first segment.

Super elevations are used to bank curves in the direction of a turn.
A super elevation accomplishes this by changing the slope of the first
segment of a template — the slope of any remaining segments will
remain unadjusted.

One super elevation defines a begin station and an end station where
the slope change begins and where it finishes the transition for one
side of a road. Therefore, to bank a two-lane road, four super
elevations would be required — one at the beginning and one at the
end of the curve for each side of the road.

A super elevation can either hinge at the outer edge of the first
segment, or at the centerline. Hinging at the center results in the
elevation of the outer segments to change. Hinging at the edge results
in the elevation of the centerline changing. Because of this, Survey
Pro will only allow you to hinge on edge for one side of a road. If the
other side is also super elevated, you will be forced to hinge that side
at the center so that an abrupt change in elevation does not occur at
the centerline.
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POB

The POB designates the location in the current job where the
alignment starts. The POB can be defined by an existing point or
specified coordinates and can be changed at any time. The VAL's
start station elevation will be set from the POP.

Road Component Rules

The following section defines how the various components described
above work together to form the road. This information is important
because how each component reacts to the other component affects
the shape of the resulting road.

Alignments

1. The alignment must have both HAL and VAL segments.
2. The VAL must be equal to, or longer than the HAL.

Templates

1. For each side of the road

e All templates on a particular side of the road must have the
same number of segments for. The fist template for each side
of the road defines this number.

e The station for the first template for each side must match
the starting station of alignment.

o All template stations must be within the station range for the
alignment.

e All templates must have at least one segment.

e A template can contain one zero length segment making it
effectively a blank template, but the first segment must be
greater than 0.
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e Template segments must have a name. The template editor
provides fields to enter the segment name.

Any two templates without intervening Widening or Super
Elevations will transition.

e This means that each template segment will transition at a
linear rate from its existing offset from the centerline to the
new offset from the centerline as defined by the new template.

A template’s first segment slope and/or width will be modified
when:

e A template is located within a Super Elevation or Widening
definition including starting and ending stations and inside
Widening or Super Elevation transition areas.

o Templates will acquire first segment slope value from the
Super Elevation definition, and/or acquire its first segment
width value from the Widening definition.

Only one template may occupy any station.

e As little as 0.001 units can be used to separate templates.

Widenings and Super Elevations

1.
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Super Elevation and Widening stations must be within the
station range of the alignment.

Super Elevations and Widenings follow the same rules except
that the start and end stations of a Super Elevation are defined
by:

e Super Elevations will start their transitions at a point equal

to the user defined starting station minus % of the starting
parabolic transition length if parabolic transitions are used.

e Super Elevations will start their transitions at a point equal
the user defined ending station plus %2 of the ending parabolic
transition length if parabolic transitions are used.

Super Elevation start slope value and Widening start width value
must match the first segment value defined by:

e A previous Super Elevation or Widening. (Priority)



Road Layout

A previous Template.

4. Super Elevation ending slope value and Widening ending width
value must match the first segment value defined by:

A following Super Elevation or Widening. (Priority)
A following Template.

Exception: if the Widening or Super Elevation is the last
element in the road, it's end transition value does not have to
match anything.

5. Super Elevation and Widening ending stations must be greater
than their beginning stations.

6. Widenings cannot adjust the first segment horizontal distance to
or from O.

7. Super Elevations and a Widenings may overlap, are independent,
and do not affect each other.

8. Super Elevations may not overlap other Super Elevations.

A Super Elevation’s ending station may be equal to a
following Super Elevation’s beginning station.

A Super Elevation’s beginning station may be equal to a
previous Super Elevation’s ending station.

9. Widenings may not overlap Widenings.

A Widenings ending station may be equal to a following
Widening's beginning station.

A Widening's beginning station may be equal to a previous
Widening's ending station.

10. Super Elevations may hinge on edge.

Hinge on edge can only be used for one side of the road for
any given Super Elevation station range.

If hinge on edge is used for one side of the road, Super
Elevations must hinge from center on the opposite side of the
road over the same station range.

Hinge on edge will modify the elevation of the Center Line.
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Road Rules Examples

Limear Trasiol

Sedgmed 2
IEHIJH;'HIE
Template 1 Template 2
S egrment 1
- & -

Figure 1 Overhead view of a template-to-template linear transition
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Start Statlon End Station

Figure 2 Template to Widening Transition
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q\ Widening in full effoct
i (R

>
:
!
: TNeTIrs segmentar a
‘ templale must machthe Termnplate
! end station widening width lamplate
! ofthe previans widening
|
- ¥ - —
End Station g8 ’.

Figure 3 Widening to Template Transition
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Figure 4 Widening to Widening Transition
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Lwaﬁm-—uﬂm

Startwidh =EndWidh

Figure 5 Template Inserted Into A Widening Area

Figure Descriptions

Figure 1 shows an overhead view of a simple transition from one
template to another. Notice the linear transition of one template
segment end node to the next.

Figure 2 shows an overhead view of a basic template to widening
transition. The widening'’s first segment width for the start station
must match the first segment width of the previous template.

Figure 3 shows a transition from a widening to a template. This
example shows that a widening basically defines a new template that
has a modified first segment. The modified template (widening) will
transition to the next template down the road.

Figure 4 shows the same concept as Figure 3 except another widening
is used instead of a template.

Figure 5 depicts how a template can be inserted inside a widening
definition. The widening will take precedence over the first segment
so the first segment will maintain the length as defined in the
widening definition. However, the segments outside of the first
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segment now take on the shape of the inserted template. The figure
shows a widening where the start width is the same as the end width
but having the widening use the same start and end width is not
required. The first segment of the template will be adjusted to match
whatever the widening says the width of the first segment should be
at the station where the template is inserted.

Also notice in Figure 5 that we have defined a widening with the start
width the same as the end width. This can be a handy tool to use if
you need to widen the road for a relatively long distance but also need
to change the template segments outside the first segment. Using a
widening as shown enables you to use any template to modify the
outside segments while retaining the same roadbed (first segment)
width.

Super Elevations

The examples above show how widenings interact with templates.
Super elevations work with templates in the same way, except
instead of the width of the first segment being modified, the cross
slope for the first segment is modified.
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Creating Templates

The information for a single template is stored in a separate file with
a TP5 extension. Template names are limited to eight characters plus
the extension so that they can be used in DOS-based data collectors.
Each template stores information on the cross section for one side of
the road.

A road can have as many templates as necessary, but each side of the
road must only use templates with the same number of segments.
Once the first template is selected, Survey Pro will only let you select
from additional templates that have the same number of segments as
the first template.

A template can be used on either side of the road. They are not right
or left specific. A road could contain only one template, which would
be used for both the right and left sides, but can also contain as many
templates as necessary.

In this example, we will create a single template that contains a
roadbed, a curb, and a ditch. Each segment will be defined in order,
starting from the centerline and working toward the edge.

1. Tap | Roads | | Edit Templates| to open the Add/Edit Templates
screen.

2. Tap to open the New Template screen. The Cut Slope
and Fill Slope values are the slopes to compute the location of
catch points with the Road Slope Staking routine. These
values can also be easily changed from that routine. Enter a
Cut Slope of 2 and a Fill Slope of 4.
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Segment Mame; |Roadbed

s o |

| } Slope: | |-2.D

s [#]

Cancel

Eﬂ Mew Template

Cut Siope:

Fill Slope:
Segrments
I Insert... || Edit... || Remove |

Mame | Horz Dist | Wert Dist | Slope

Roadbed 20.000 -0.400

-2.000

4] i

Roadbed

Cancel

Road Layout

3. Tap . This will open the Edit Segment

dialog box. Enter the following information to
define the first segment, which will be a 20-foot
wide roadbed with a —2% slope.

Segment Name: Roadbed
Horizontal Dist: 20
Slope: -2

Tap @ to return to the New Template screen
where the new roadbed segment will appear in a
list of segments. At this point, only the roadbed
and <End> will be displayed in the list.
Whenever a new template it inserted, it is
inserted above the template that is selected in
this list. Therefore, to add a new segment after
the last segment, <End> should be selected prior

to tapping .
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94

5.

With <End> selected, tap and enter the
following data to add a new segment that will
describe the face of a curb. Notice for the last

field, you need to toggle the button to

» V. Offset| and select the ®U radio button to

specify that the curb extends upward.

Segment Name: Curb
Horizontal Dist: O
Vert Dist: ®U 0.5

Tap @ to return to the New Template screen
where the new curb segment will appear.

With <End> selected, tap and enter the

following data to add a sidewalk and then tap @.

Segment Name: Sidewalk
Horizontal Dist: 4
Slope: O

Edit Segment

Segment Mame; |Curb

Horizontal

I |
84

[ » vert Dist: |8BID'5

Cancel

Eﬂ Edit Segment

Segment Mame: |Sidewalk

R L
| F Slope: | |D.D |% E

W
Cancel &l*

With <End> selected, tap |Insert...| and enter the following

data to add a ditch and then tap @.

Segment Name: Ditch
Horizontal Dist: 2
Slope: -40
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Q MNew Template . Tap o from the m
Cut Slape: - Template screen and
' — the Save As dialog
Fill Slope: Type: |Template Files (*.tpS) v| box will open. Enter
Igegments 1 I | @) survey Pro Jobs', T1 in the Name field
Insert... Edit... Remove f
Name [ Horz Dist | vert Dist [Slope 9| |l and tap @. This :
[1tps | completes the creation
Roadbed 20000 -0.400  -2.000 of a template
Curb 0.000 0.500 p .
Sidewalk  4.000 0.000 0.000
Ditch 2,000 -0.800  -40.00
4 ] *
Roadbed Stdm‘-\'%céh:
W
Cancel ﬂll* Cancel ﬂll*

Building an Alignment

The Edit Alignments routine is used to create an alignment and is
explained in detail starting on Page 50. If you do not currently have
an alignment stored in Data Collector, either create a simple
alignment now that is at least 300 feet long, or follow the instructions
that start on Page 50 to create a new alignment that contains an
example of each possible horizontal or vertical section.

Putting the Road Together

The final step in creating a road that can be point staked or slope
staked is to use the Add/Edit Roads routine to combine the
template(s) with the alignment and define any widenings and super
elevations.

In this example, we will use only one template for the entire road. We
will use a widening to add a second lane to the right side of the road
and we will add four super elevation definitions to bank the left and
right side of a curve.
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Add Templates to the Alignment

1.

96

Tap | Roads | | Edit Roads| from the Main Menu to open the

Add/Edit Roads screen.

Since we are creating a new road, tap to open
the New Road screen.

With the tab selected, enter a name for the
road in the Road Name field. In this example, we
used Example.

Tap the |Choose Alignment...| button and select an
alignment. In this example, we selected the Roadway
alignment created on Page 50. Tap @ to continue.

Tap the |Set POB...| to open the Road Alignment

Properties screen to define where the road begins in
the job.

Enter the following data then tap &:

North: 5000

East: 5000

Elev: 100

Start Station: 0+00

The next step is to add the templates. We will use
the template created earlier to define both sides of

the road. Tap the tab.

E.{]| New Road

Alighrnent Description:
Roadway

| Choose alignment ... |

—_—
W

| Check... | |View Profiles... |

Set POE...

Road | Templates | wWidenings | Supd 4 | b

Cancel &l*

Eﬂ Import RD5

Diescriptian:
|Roadwav
ne |5000.0 f
PoB
E; |5000.0 ft
Elev:
[ ¥ Lacation: | [100.0 ft |[+]

Start Station  [0+00.0 [~

Cancel




E.i]| add Left Template

ok

Template

Start Station 0+00.0
T ([N

[ 90 Fest
[——1 ]
Mirrar ta Right
[check...| | new.. | | Edit.. |
Cancel ﬂll*

8.

9.

10.

11.

Road Layout

With <End> selected in the Left column, tap the
button. This opens the Add Left Template
screen, which allows you to add a template to the left
side of the road.

All the available templates will be displayed in the
Template column. Select the T1 template, created
earlier.

Since we will use this template for both sides of the
road, check the M Mirror to Right checkbox and tap &@
to return to the New Road screen. We now have the
minimum number of components to completely
define a road: an alignment, and a left and right
template.

Tap to confirm that the road is okay. You

should get a message stating success.

Eﬂ Example Profiles

Note: Once templates have been added, you can return
to the Road card and tap the button to

view the cross-sectional profile of the road at any station.

RETEVEIEE=
@ @lJ Offset:
20.000
Morthing:
5,000.000
Easting:
5,020.000
Elevation:
099.600
M—a—,
K Fest
[ 10 Feat H
Roadbed
Close &l*
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Add Widenings

12.

13.

14.

15.

16.

17.

18.
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Tap the tab. We will define a widening

where a new lane will begin in the right side of the
road.

Tap <End> in the Right column and then tap the

button. This opens the Add Right Widening
screen, which allows you to add a widening to the
right side of the road

In the Start Station field, enter 0+25. This is where
the widening will begin.

The length of the widening is 100 feet so toggle the

» End Station| button to and enter 100.

The starting width of a widening must equal the
width of the first segment of the template that leads
into the widening, or if a previous widening leads
into it, it must equal the width of the previous
widening. Leave the Starting Width field set to its
default value of 20.

Since we are adding a lane with this widening, enter
40 in the Ending Width field. This widening will now
begin at 0+25 and over a 100-foot span; the first
segment of the template will increase in width from

E.]| Edit Road ok
|&dd...| Edit... ||Check...| Remove
L R

<End:=

REl
Qe
[ 200 Feet

Road | Termplates | widsnings Supﬂl LI
Cancel &l*

ﬂ] Add Right Widening

statstion 1z ||v]

[ » Length: [[100 =]
statwidth: [200f ][+

[— |
Endwidth:  [400f [+

[— |

(] Mirrar to Left
&
&
£l
[ 100 et
Cancel &|‘

20 feet to 40 feet. Bold lines in the map view illustrate the

beginning and ending widths of the widening.

Tap @ to continue.
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Add Super Elevations

19. Tap the |Super Elevations| tab where we will insert a

E.]| Edit Road

add... || Edit... |[Check...| Remove
L R

<End>

&

g

)
RIEY
[ 200 Fest
Widenings | Super Elevations LI

Cancel &l*

E.i]| Add L Super Elevation

20.

21.

super elevation at the beginning and end of a curve
for the left and right sides of the road.
With <End> selected in the Left column, tap the

button. This opens the Add Left Super
Elevation screen, which allows you to add a super
elevation to the left side of the road.

We will start the super elevation 100 feet from the

R ] begi_nniqg of the road so enter 1+00 in the Start
[ pEnd Station:_||1+25 = Station field.
Start Slope: 22. The super elevation will be at the final slope after 25
tiﬁugme- | % = | feet so enter 1+25 in the |» End Station| field.
E % [l ———1| 23. The start slope must be the same as the slope of the
Parabolic Transitions: first segment of the template that leads into the
S pote [+ super elevation, so leave the Start Slope field set to

. , ]
Hinge On: EE@J/] 24. We want the ending slope to be 8% so in the End

@ Slope field, enter 8 for simplicity, we will not use

Check... @ ST Bt parabolic transitions so leave those fields set to 0.

Cancel &l*| 25 Most super elevations hinge at center so be sure the

Hinge on field is toggled to and then tap @ to continue.
This will complete the super elevation for the beginning of the
curve on the left side of the road.
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26.

27.

28.

29.

30.

31.

32.
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We now need to add a super elevation at the end of
the curve on the left side of the road to change the
slope back to -2%.

With <End> selected in the Left column, tap the

button again.

From the Add Left Super Elevation screen we will
start the transition out of the super elevation, 200
feet from the beginning of the road so enter 2+00 in
the Start Station field.

The super elevation will return to the original slope
after 25 feet so enter 2+25 in the | » End Station
field.

The start slope must be the same as the slope of the
road where it leads into the super elevation, so leave
the Slope 1 field set to 8.

We want the ending slope to be -2% so in the Slope 2
field, enter
-2. Leave the parabolic transition fields set to 0.

Edit Road
|&dd... || Edit... ||Qheck...||ﬁemuve|
L R

14+00.000, 1425, DH

] B

| [ |
REW

16N
[ 200 Feet

Widenings | Super Elevations LI
Cancel ﬂll*

<End=

E.i]| Add L Super Elevation

Start Station  [2+0 v
[»End Station; _[[2+25 |~
Start Slope:

o A —
End Slope:

2 | o e —]
Parabolic Transitions:

Start:
End:

Hinge On:

rlenter

ey
e L
@ 100 feet

£l

Check...

Cancel

Be sure the Hinge on field is toggled to and then tap @
to continue. This will complete the super elevation entries for the

left side of the road.



Road Layout

33. We now need to repeat the above steps for the right side of the
road. Tap <End> in the Right column to select that side of the
road and then tap the button to open the Add Right Super
Elevation screen.

E.i]| add R Super Elevation
Start Station  |1+0

Kl 5

| pEnd Station:_||1+25 |
Start Slope:

[20 | ol —|
End Slope:

B K | —

Parabolic Transitions:

ot or |
End
Hinge COr:

e lenter

EEp
o f
IW\ g‘ 100 Feet

Cancel ﬂll*

@ Add B Super Elevation
Start Station  |2+0
| » End station:

|2+2s

=
Start Slope:
A ey
End Slope:
o F——]

Parabolic Transitions:

Start: 0.0 ft [~

End: 0. ft [+

Hinge Cn: @m

rierter @ f
Check... g 100 fast

Cancel &|A

34.

35.

36.

37.

Enter the following data just as you did for the left
side of the road and then tap &@.

Start Station: 1+0

End Station: 1+25

Start Slope: -2

End Slope: -8 (notice this is a negative value)
Parabolic Transition Start: 0.0

Parabolic Transition End: 0.0

Hinge on:

With <End> selected in the Right column, tap the
button again to add the final super elevation.

Enter the following data to describe the second super
elevation on the right side of the road and then tap

Start Station: 2+0

End Station: 2+25

Start Slope: -8

End Slope: -2

Parabolic Transition Start: 0.0
Parabolic Transition End: 0.0

Hinge on:

This completes the definition for an entire road
including templates, widenings and super elevations.
To make sure there are no errors, tap . You
should get a message stating success.

38. Tap @ to save the road.

You are now ready to stake the road in the field. Close any open
windows to return to the Main Menu.

101



Use

r's Manual — Conventional Mode

Staking the Road

With your road fully designed, you are now ready to stake the road.
Staking a road is a simple and intuitive process. If you are familiar
with point staking, you should be able to easily stake a road.

This section explains how to get started using the Stake Road routine
and then refers you to the point staking example when the screens
become identical.

1.

102

Tap | Roads | | Road Stakeout | from the Main Menu to
open the Stake Road screen.

Tap the button to open the Tap on a

Road screen. All of the roads that exist in the current
job will be displayed.

Tap on the road that you want to stake and then tap
@. When the road is selected, it will be drawn with a
bold line.

If the backsight is not yet defined, tap the

button to set up your backsight.

With the road selected and the backsight set up, tap
to continue. The next screen that opens
shows the profile of the road at the starting station.

In the Station field, enter the station that you want to
stake and in the Station Interval field, enter the
distance that you want the Station to advance when
you are ready to stake the next station.

Use the and buttons to select the node (the
segment end point) on the template shown in the
graphic area of the screen that you want to stake.
Each press of either of these buttons will advance the
selection to the next node and display the name of
the selected segment in the middle of the screen. The
selected node is shown in the graphic portion of the
screen as a red circle.

You can optionally stake an offset to the selected
node by entering the offset distance in the Offset

Tap Road... (‘ H
H y E|

Marne: Example
Begin Station:  0+00,000
End Station:  3478.940

OCC 1 HL S.000 BS: 0°00'00"

Backsight...
Settings Close &l*

poe ™)

Station Interval: |25,D ft || Mext Sta |

[[] offset from segment:

Station:

Right#1: Roadbed

]

| Backsight... | | < Back || Mext = |

Settings Close ﬂll*




Road Layout

from segment field. (A positive offset value extends away from the
centerline.)

9. Once the correct station to stake is entered and the desired node
is selected, tap the button to continue.

Station:
0+00.000 {Line)
Segrnent:
Roadbed (Right)
rFrom Gun to Design Point:
Anigle Right;
90°00'00"
Horz Dist:
20.000 1
Wert Dist: _ START E
-0.400
ZE to Rod:

91°08'45" H
OCC: 1 HI: S.000 BS: 0*00'00"

| Circle Zern | | < Back || Stake = |
Settings Close &l*

£ |stake Out Point

e B )

Description: |0+00.000 R 20.0 |
Show Results on OK

10. The next screen that opens is identical to the screens
used in point staking, since that is essentially what
is occurring at this point. If you are not familiar with
Point Staking, refer to Page 75.

. Once you are satisfied with the rod location, tap
Store...[| and the prompt shown here will open where
the new point number and description can be
entered. Tap @ to store the stake point. If the Show
Results on OK checkbox is checked, tapping & will
store the point and display detailed cut/fill results to
other nodes, which can then be written on the stake.

— aF

Note: If the Write Cut Sheet Data Only (No Store Point)
checkbox is checked in the Stakeout Settings screen, this
prompt will not appear, although the Results screen will
still appear if the Show Results on OK checkbox was never
un-checked from this prompt. (It is checked by default.)

12. Once the point is staked and stored, you will return to the screen
described above where a new node can be selected and staked or
the station to stake can be advanced by the station interval by

tapping the button.
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Slope Staking the Road

The road slope staking procedure is nearly identical to the non-road
layout slope staking routine described on Page 164. The main
difference is the road layout templates can contain more segments,
which modifies the options of where the hinge point should be located
depending on if a cut or a fill is required.

1. Tap |Roads|, |Slope Staking| to open the Road Slope Staking screen.

2. Tap the button to open the Tap on a Road screen. All
of the roads that exist in the current job will be displayed.

3. Tap on the road that you want to stake and then tap &@. When the
road is selected, it will be drawn with a bold line.

4. If the backsight is not yet defined, tap the button to
set up your backsight.

5. With the road selected, tap to continue.

6. In the Station field, enter the station that you want to slope stake
and in the Station Interval field, enter the distance that you want
the Station to advance when you are ready to slope stake the next
station.

7. The |H. Map| and |V Map| tabs are used to view information about
the horizontal and vertical details of the road at the current

station. Tap the tab to set up your slopes. /5 | Roadsio y g ¢ o
8. The Cut Slopes and Fill Slopes are automatically set | statior: 000 [+

to the values contained in the template being slope _ , .
. . Station Interval:  |25.00ft
staked. You can override these values by checking ra=rr——
the appropriate boxes and changing the values = —
accordingly. When doing this, the new cut/fill slopes |2 V. Map | Siopes [Fi Hingel <[

entered will always be used regardless of the values Left: Right:

stored in the templates. |:||C“t Slope: | D|CUt Siope: |
Fill slopes do not need to be entered as negative [ Fill Slope: [ Fil Slape:
values since Survey Pro knows that these are |:| |:|

negative slopes.

| Backsight... || < Back || Stake CP = |

DB 7 7
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Station: 0+00.0 [+]

Station Interval:  [25.0ift
Mext Station

Fil Hinge: Points | Cuit Hinge Points |4

Pick Segments Used For Fill Slope:
Left:

Sidewalk

Right:

Sidewalk

| Backsight... || < Back || Stake CP > |

OB ? - A

# R oad Slope Stal @ oF £ 4:17

Station: 0+00.0 [+]

Station Interval:  [25.0ift
Mext Station

Fill Hinge Paints | Cut Hinge Points | 4] »

Pick Segments Used For Cut Slope:
Left:

oitch

Right:

oitch

| Backsight... || < Back || Stake CP > |

OB @ Al

Road Layout

9. Tap the [Fill Hinge Points| tab to define where the
hinge point will be computed in areas that require a

fill. Use the and buttons to select the desired

segment. (The hinge point will be computed at the
end of the selected segment.)

10. Now tap the |Cut Hinge Point5| tab and define where
the hinge point will be computed in areas that
require a cut in the same way as you did in the
previous step.
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11. Tap the [Stake CP >| button to continue to the next Road Slope Staking €3 {7 4£ 4:28

screen where the catch points at the current station Results:
can be located. This screen is identical to the screens |RodElev: - AboveDS
used in the non-road layout slope staking routine. If |22 Soeet —

. . Obs. Slope: - Toward CL:
you are not familiar with these screens, refer to Page |uo to He:
171. Egtt;':;{:lp “j Ahead Sta:

Cut to CL: — -

[ Inst.EDM | HR:[.201 iﬂ|EE
][ » Automatic Slope |

12. Once the catch point is staked and stored, you will
return to the screen described above where the
station to stake can be advanced by the station

interval by tapping the Next Staf button and the

process can be repeated to stake the next catch %

points. Y Results...
| Shot ||Stgre SS...||<: Eack“Stu[e Zbl
EEEES Al

Station Equation

Some alignments will have a specific location where the stationing
changes. One example of when this might occur is where the
alignment you want to stake merges with another alignment and at
the location where they merge, you want to switch to the stationing
used from the other alignment.

The Station Equation screen is used to define the Station Equation (5 & <€ 5:20
location on the alignment where the original stationing, Road Mame:  Example

or the Back stationing changes as well as what the new
stationing will be from that point forward, or the Ahead Back:

stationing. ahead
In most situations, the ahead stationing will increase as Forward Direction
you advance down the road, but you might also have a ®) Increase

situation where the ahead stationing decreases as you
advance forward. The Forward Direction section of the
screen allows you to configure the station equation either
way.

) Decrease

When staking a road that uses a station equation, all
ahead stations are shown with a (2) after it to &0 7 - AR
differentiate them from the back stations, such as 11+00 |
(2). Likewise, when keying in an ahead station, you must append it
with a (2), otherwise it will be interpreted as a back station.
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Two of the stakeout settings should be considered when using a
station equation:

e When Stake "Corners", Not Just Even Intervals is checked, the
location where the stationing changes will be considered a
corner and will be included as you advance forward.

e When Use Perfect Stationing is checked, the perfect stationing
will always be computed using whichever stationing that you
are currently staking.

Station equations can only be used when staking a road, so the
following three routines available from the Roads menu include the
option to use a station equation. (Non-road layout stakeout routines
cannot use a station equation.)

e Stakeout
e Slope Staking
e Show Station and Offset
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DTM Stakeout

The Stake DTM routine allows you to stake an area and get cut/fill
information between the point being staked and a reference DTM
surface at the same horizontal coordinates. You can also obtain
volume information between the surface being staked and a specified
reference elevation or the reference DTM surface.

Reference DTM Surface

DTM Stakeout requires a DTM surface that defines the reference
elevations for the area that you plan to stake. There are three ways to
define the reference surface:

e A DXF file that contains a triangulated irregular network
(TIN).

e Adigital terrain model (DTM) file.

e A separate layer in the current job containing several points
on the reference surface.

Survey Pro will use any of these three methods to compute the
elevation information at any location within the boundaries of the
reference DTM surface.

TDS ForeSight can be used to create a DXF file containing the correct
information from a JOB file. ForeSight provides several options when
exporting a DXF file and all the options will include the required 3D
Face, or TIN information.

Both TDS ForeSight and Survey Link will export a DTM file from a
DXF file.

Note: The speed performance of the Stake DTM routine is enhanced
when using a DTM file as opposed to a DXF file.
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Set Up the Job

1. If your reference layer is defined by a DXF or DTM file, it must
first be loaded into the data collector.

2. From the Main Menu, tap | Stakeout | | Stake DTM |to

¥ | stake DTM

open the Stake DTM screen. DTM Source:
3. Inthe DTM Source field, select if your DTM reference || 22t | [T "I+l
surface will be defined by a | » Layer | or | » File | and 2 store ot 108 ]

then select the layer or tap the [¥] power button, then
Browse and select the appropriate DTM or DXF file. | H:
With Centerline

Choose Centerline..

Generate DTM with Staked Paints

Warning: If importing a DXF or DTM file where the
distance units in the source file are different than the

distance units for the current job, the imported
coordinates will be converted to the current job’s distance 001 HE: 5.000 BS: 6°0TDE"
units when they are imported. This is normally the — '

Backsight -He)rt}
desired result, but it can cause a problem if the distance =
units for the imported data or the current job were set Close ¥ &l

incorrectly. This situation can most commonly occur when working
with International Feet and US Survey Feet, where the conversion
from one to the other is not always obvious.

Usually the difference between International Feet and US Survey
Feet is negligible (2 parts per million), but when dealing with State
Plane or UTM mapping plane coordinates, which are often very large
in magnitude, the difference can be substantial if the coordinates are
converted from one format to the other.

If importing coordinates from a source where you are not sure if the
units are in International Feet or US Survey Feet into a job that is
set to International Feet or US Survey Feet, you will usually just
want to import them without any conversion being performed. To do
this, be sure to select the same distance units for the source file as
those set for the current job.
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DTM Stakeout

4. The name entered in the Store Point field will be used for the first
point that is stored. Future points will be stored with the next
available point names. Enter the rod height in the HR field.

Description Type

Boundary Polyline

Retaining Wall

Fence Polyline
Alignment

W

cancel 7

-\

3 | setup DTM 3D

*#**  Sat up layers

B2

You have the option of selecting a centerline to get
offset and stationing information for the staked
points. Checking the With C.L. checkbox and then
tapping the |Choose Centerline| button will open the
Select Line screen where you can select an existing
polyline or alignment that defines a centerline. The
selected line will also be displayed graphically in the
DTM Shot screen, described later.

When the Generate DTM with Staked Points checkbox
is checked, a DTM surface will be generated from the
points stored on the selected DTM layer (not the
reference DTM layer optionally chosen in the first
screen). Any points staked and stored will also be
added to this layer and the DTM will be updated
accordingly.

Selecting the Generate DTM with Staked Points option also allows
you to view this surface from the 3D View screen while taking
shots and it allows you to get live cut / fill and volume information
between this surface and the reference DTM surface selected in
the first screen. If unchecked, the 3D View is unavailable; no
volumes will be computed; and cut / fill information is not
displayed, but is still stored to the raw data file.

| Boundary... |

Mo boundary

| Points... | | 3D View... |
o~ AF

When you first check the Generate DTM with Staked
Points box, you must also tap the |Setup / View DTM...|
button. This will open the Setup DTM 3D screen,
which is used to select your layers, and optionally
select any break lines, and a boundary.
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Select Your Layers

7. Tap from the Setup DTM 3D screen to open the Layers
(Stake DTM) screen.

a. Select the layer that you want to use for the
stake points and other objects that exist on the

l.f».f’j" Layers (Stake DTM)

surface you are staking. These points will be Select DTM Layer:
used to generate a DTM surface to compare to hd

the reference DTM surface.
Select Auxilary Layer:

b. Check the Select Auxiliary Layer checkbox to [0 ‘|E
automatically store any points or break lines to o .
H Aut ki inks
the layer selected from the corresponding e o e
dropdown list that cannot be used for DTM selected auxiary layer.

generation. Examples of invalid objects would
include a polyline that extends outside a
boundary, or a point with identical coordinates to
another point, but with a different elevation.
Leaving this box unchecked will result in a
prompt to select a layer prior to storing an Cancel % &l
invalid object.

c. Tap & when finished to return to the Setup DTM 3D screen.

Select a Boundary (optional)

You can optionally define a boundary using a closed polyline for the
points that are staked, which will limit the computation of the DTM
surface within the selected boundary.

A valid polyline must be closed, and the line must not cross over
itself, such as in a figure-eight.

8. To select a boundary, tap the button, which will
open the Choose Polyline screen.
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Choose Polyline

Boundary
201, 200

4] i [

DTM: DTM Stake Auxiliary: 0

| Boundary... | Clear |

Boundary

(®) Exclude points or breaklines outside of
the boundary from DTM Layer.

() Discard the boundary when a new
point or breakline outside of the
boundary is added to DTM Layer.

| Ppoints... | [ 3D view... |
Cose @ AF

DTM Stakeout

a. All the polylines in the current job are
displayed. Select the appropriate polyline
and tap @ to return to the Setup DTM
3D screen.

9. If aboundary is used, you must also select one of the
two radio buttons in the Setup DTM 3D screen:

® Exclude points...: will move any objects that occur
outside the selected boundary to the Auxiliary layer.

®© Discard the boundary...: will initially move any
points that exist outside the boundary to the Auxiliary
layer. If a point is later stored outside the boundary, the
selected boundary is automatically unselected.
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Select any Break Lines (optional)

Break lines are polylines that define any linear object on the surface
you are staking such as a trench, a fence, or the face of a cliff. No TIN
will pass through a break line when generating the DTM surface. If a
boundary is selected, the entire break line must fall inside the
boundary. If any part of a break line touches the boundary, the break
line is invalid.

10. To select a break line, tap the button to /£iF| Add/Edit Break-line
open the Add/Edit Break lines screen. If any break |
lines have already been selected, they will be listed |

Edit.... | | Delete.. |
New.. | |[Add Existing... |

here. : =
Descrip. Paints
a. Toadd an existing break line, tap the

button. This will display all the

polylines in the current job. Select the desired
polyline and tap @. This will move the selected
polyline to the (non-reference) DTM layer.

b. When finished adding break lines, tap & (Close)
to return to the Setup DTM 3D screen.
11. When you return to the Setup DTM 3D screen, the H v
button will open the Points on DTM Layer Close 7 Al

screen where the points on the DTM layer can be

viewed, new points can be imported, and existing points can be
deleted (moved to the Auxiliary layer). The button
will open the 3D View screen where the DTM surface for the
points on the DTM layer can be viewed from any angle.

12. This completes the Stake DTM set up procedure and you are now
ready to stake points. Tap & (Close) from the Setup DTM 3D
screen to return to the Stake DTM screen.
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Stake the DTM

13. With the information correctly entered in the Stake DTM screen,
tap to continue.

f3 | stake DTM

Data | Result | Centerline

HA: -
za —
SD: -
Point: 209
Desc: [WHMl | HR: 7.0 |
DTM DTM
(}iDTH DTM H

EDM:| Inst. EDM wr

|Take Shot” View... || < Eack|| Store |

Close @ b

fF | stake DTM

Data | Result | Centerline

HA: 42°11°42"
ZAa: 88°24'477
SD: 261.245

Point: 206
Desc: [DTM | HR: [7.0ft

AN H

F ™

EDM:| Inst. EDM wr

|Take Shot”\ﬁew... || < Eack|| Store |

— al

14. The second Stake DTM screen will open with a
graphic that shows the reference DTM, the
centerline, if used, and any break lines. Tap the
button to take a shot.

. If a shot is taken when the prism is located within
the boundaries of the reference DTM and within the
polyline boundary (if selected earlier), the graphic
will change and the Data, Result , and Centerline (if
one was selected) cards will be filled in. The graphic
will show the current triangle in the reference DTM
surface where the rod is located and a centerline and
offset, if selected earlier.
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16. At anytime, you can view the current (non-reference)
DTM surface computed from the points staked so far
by tapping the

button.

The button will store the last point shot. The

card displays additional information about
the last stake point and the

card displays information related to the

[ Data | Result | Centerline

E:5,175.399 Fill: 0.919
EL: 105.235

N:5,193.472 DTM 106.154

Station: 0+91.319
Segment: NJA
Righ 42.634

Data I Result | Centerline

last stake point in relation to the centerline, if selected earlier.

View the DTM

17. Tap to access the 3D View screen. While
staking points, you should periodically tap this
button to view what the current DTM surface looks
like. This is a useful quality assurance technique to
determine where additional points are needed.

Note: The button is only available when
Generate DTM with Staked Points is checked in the first

Stake DTM screen and at least three points are stored on

the non-reference DTM layer.

When the button is activated (darkened), dragging

within the 3D View will result in the image being rotated

to any angle. When the button is activated, dragging
within the 3D View will pan the image.

Datum: 0.000

Close §

The button will display the total cut/fill volume difference
between the DTM surface being staked and a reference elevation

specified in the 3D View Settings screen, described next.
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Note: The cut/fill values accessed from the button are total
volume differences between the DTM surface being staked and either
the reference DTM surface, or a reference elevation (plane). The
cut/fill values displayed in the Result card of the second Stake DTM
screen are vertical distances between the current stake point and the
reference DTM surface at the same horizontal coordinates.

The button toggles to display or hide the point names and
descriptions in the 3D view.

Datum: displays the datum elevation set in the 3D View Settings
screen.

E.i]| 3D View Settings ok
[ ] Height Exaggerated ta the Maximum

Height Exaggeration Ratio:

Hidden-line Remaval
] Display Cifference From Ref, DTM

oot |

Datum:

Wieny Direction (from view point to the

center)
[ » Azimuth: |[14.534386 ][]

Zerith Direction: [115480482 (]

Cancel ﬂll*

18. Tap the button to access the 3D View
Settings screen to configure the information
displayed in the 3D View screen.

When Height Exaggerated to the Maximum is
checked, the height exaggeration is automatically set to a
high value to more clearly display elevation differences

in the 3D view. When unchecked, the height
exaggeration can be set manually in the next field.

Height Exaggeration Ratio: is the value that the height
is multiplied by in the 3D view. Higher values mean
more exaggeration; a value of 1.0 would result in no
exaggeration.

When Hidden-line Removal is checked, all the lines that
occur behind other surfaces in the 3D View screen will be

hidden. The image shown here is identical to the image
shown in the screen above except the hidden lines are not
removed.

When Display Difference from Ref. DTM is checked, the vertical
portion (z-axis) of the 3D View screen is computed by the
elevation differences between the non-reference DTM surface
and the reference DTM surface. This will result in any objects
that occur above or below the reference DTM to clearly stand
out as hills and valleys and the volume information provided
in the 3D View screen will be between the staked points and

the reference DTM.
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When the Display Difference from Ref. DTM checkbox is unchecked, the
Datum field can be set to a reference elevation. Cut and fill volumes in
the 3D View screen will then be based on the difference of a
horizontal plane at the elevation specified here and the non-reference
DTM surface.

The View Direction (from view point to the center) settings allow you to
specify the exact horizontal and vertical angle in which to view the
DTM surface.

19. Tap @ from the 3D View Setting screen to return to the 3D View
screen.

20. Tap € (Close) from the 3D View screen to return to the DTM Shot
screen. From there you can continue taking DTM stake shots.
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Mapping Plane Scale
Factor

When converting distances on a map to distances on the ground, you
must correct for two different scale distortions. First, the effects of the
map projection distortion must be corrected with the mapping plane
scale factor. Second, the geometric effect of your height above the
reference surface (ellipsoid height) must be corrected with the
ellipsoid scale factor. Generally, these two scale factors are multiplied
together into the combined scale factor. Although the scale factor is
computed with differential equations of the map projection, one can
visualize it in a geometric sense. Consider the following diagrams:
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K=1.0 K=1.0
K>1.0 «q— K<1.0 = K>1.0

K=0.9996

/—Distance on Ellipsoid
Mapping Plane

Q%V

N
<Q

~N

Distance on Map

Central Meridian

Fig. 3: Transverse Mercator Mapping Plane

A side view of the cylinder shows the effect of scale
distortion.

Universal Transverse Mercator Projection

The scale factor at the central meridian (CM) is 0.9996. The scale
factor is 1.0 approximately 170-km east and west of the CM. The
scale factor is less than one between the CM and the point of
tangency. The scale factor is greater than one beyond the point of
tangency. Therefore, at the central meridian, a geodetic distance of
100m scales into a mapping plane distance of 99.96m.

Mapping

'~ _N_~_ Plane

7 A4

h Terrain

/_\

Ellipsoid

Fig. 4: Localization Stereographic Mapping Plane
A side view of the ellipsoid and stereographic mapping

plane show the scale calculated for ground distances at
the base heiaht.

Ellipsoid Scale Factor

This scale factor accounts for the height of the ground above the
reference surface (the ellipsoid). This scale factor is defined
geometrically: Consider the following diagram:
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Mapping Plane Scale Factor

Distance on
Ground

\

Ellipsoid
Height, h

Radius of
Ellipsoid, R

\

Fig. 5: Ellipsoid Scale Factor
The effect of height above the ellipsoid on scale.

Distance on

Ellipsoid R+h

distground/(R+h) = distelip/R
disteip/diStground = R/(R+h)
keip = R/ (R+h)

In most situations, the ellipsoid scale factor can be calculated at a
single reference elevation and used for the entire survey, but on
surveys where the elevation varies by more than 100 meters, you may
also want to apply a sea level correction. A sea level correction works
by computing a new ellipsoid height for each shot from the average
elevation of the total station and the target.

Combined Scale Factor

Generally, the two scale factors are multiplied together into a
combined scale factor. The combined scale factor is then applied to
grid distances to get ground distances:

Ker = kelip * kmap
diStgrid = diStgruund * Kef

Survey Pro allows you to scale the measurements you take on the
ground so they properly align with the map grid you are using. This
is set up using the Scale Factor wizard.
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The mapping plane scale factor should not be confused with the
Adjust for Earth Curvature/Refraction setting located on the Job >
Settings > Surveying screen, which is independent of the mapping
plane scale factor. If the earth curvature adjustment is enabled, it is
applied to all total station measurements before any mapping plane
scale factor is applied.

Scale Factor Settings

There are three modes of calculations with scale factor:
1. No scale factor.

2. Combined scale factor: Horizontal distance is scaled by the
single scale factor entered by the user.

3. Grid Factor Plus Sea Level: Horizontal distance is scaled by
the grid factor then scaled by sea level reduction.

The first screen when setting up a scale factor is the Scale Settings
screen. This is where you select how you want to compute and apply
the scale factor. Each of the available choices is described below.

No Scale Factor

You should select Do not use scale factor option when you .
want to disable any ground to grid scaling or if your job |

is configured to use Ground — TDS Localization. You (2 Use a single combined scale factor,
must tap & from this screen and from the screen that (O e 3 ord factor with sea level
follows (Job > Settings > Surveying) to save the changes. (7 Use automatic map plane rid factor

with sea level correction.

-Scale Settings
Mo scale factor used, Horizontal
distances on the ground are 1.1 on the
coordinate grid,

Q8 7 7
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Mapping Plane Scale Factor

Combined Scale Factor

f.‘."lScaIe 5 2 k
(" Do ot use a scale factor.

() Use a single combined scale factor,

O IJse a grid factor with sea level
correction.

O IJze autornatic map plane arid factor
with sea level correction.

-Scale Settings

Horizontal distances will be scaled with
the combined factor you enter below,

Combined Factor:

0.996

| Calculate Scale ... |
|

| Change Map Zone ...

&0 97

You should select Use a single combined scale factor
option when using a single combined scale factor to
reduce all your total station measurements. The scale
factor might be provided for you, in which case you
simply enter the value in the Combined Factor field and
tap @ to return to the Job > Settings > Surveying screen,
otherwise you can calculate the combined scale factor as
described below.

A map zone must be set up before a combined scale
factor can be calculated. To configure a map zone, tap
the bottom button to open the Select Coordinate System
screen. This button is labeled |Change Map Zone| if amap

zone is already configured or Set Map Zone| if a map zone
is not yet configured. Configuring a map zone is
described in the Mapping Plane Select Zone section of

this manual, starting on Page 251.

Tap [Calculate Scale| to open the Scale Calculator wizard, which is used

to compute the combined scale factor based on the current map zone.
If a map zone is not currently configured, the Select Coordinate
System screen will open first where you can set one up.

Region: US State Plane 1933
Zone: Oregon Morth 3601

=+ Select Paint: EI

Chioose a point for scale factor
calculation.

Calc Scalez

Enter a reference point in the Select Point field and tap

Calc. Scale>|.
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Enter the point’s Ellipsoid Height to calculate the Ellipsoid
Scale Factor, and tap .

Review the calculated combined scale factor to be used
for ground to grid reductions. The inverse combined
factor is what you use for grid to ground calculations.

Tap to return to the Scale Settings screen where
the computed combined scale factor will be entered for

you.

Tap @@ from the Scale Settings screen and from the
screen that follows (Job > Settings > Surveying) to save
the changes.
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Ellipsoid Scale Factor:

Correct measured distances for the
bieight of the terrain above the
elipsoid reference surface,

Ellipsoid Height:

78.693879 m

| < Back || Solve =

Mapping Plane Scale Factar:
1.0045324

Ellipsoid Scale Factar,
0.999987F7

rGround to Grid
Combined scale factor:
1.0045200

rGrid to Ground

Inwerse combined factor:
0.9955003

| < Back || Arcept

e 7 7




Mapping Plane Scale Factor

Grid Factor with Sea Level

.r‘.‘.' | $cale S iy {
(" Do ot use a scale factor.

{3 Use a single combined scale factor,

® IJse a grid factor with sea level
correction.

O IJze autornatic map plane arid factor
with sea level correction.

-Scale Settings

Hotizontal distances will be scaled wsing
the grid factor you enter and a sea
lesvel correction for each shot.

Grid Factor:  [1.004532423

| Calculate Scale ... |

| Change Map Zone ... |

®0 7

.r‘.‘.' | $cale S iy {
(" Do ot use a scale factor.

{3 Use a single combined scale factor,

O IJse a grid factor with sea level
Correction,

@ IJze autornatic map plane arid factor
with sea level correction.

Use map plane ground coordinates,

-Scale Settings

Map arid is scaled 1:1 to ground,
Horizontal distances will be scaled with
a sea level correction realtive to the
ground height,

|Setup Map Ground Coordinates |

| Change Map Zone ... |

Q8 7 7

You should select Use a grid factor with sea level
correction option when you have a single grid factor and
you want an elevation factor calculated for each total
station shot. The grid factor you enter is combined with
the elevation factor for each shot to yield the combined
factor for that shot.

The grid factor may be provided or you can calculate it
using the Calculate Scale wizard. This process is similar
to the Use a single combined scale factor option (Page
123), except you are not prompted for an ellipsoid height
since the elevation portion of the scale factor is done for
each shot as sea level reduction.

Automatic Map Plane with Sea Level

You should select Use automatic map plane grid factor
with sea level correction option when you want the grid
factor computed for each occupy setup point and a sea
level correction computed for each shot.

To configure a map zone, tap the bottom button to open
the Select Coordinate System screen. This button is

labeled Change Map Zone| if a map zone is already

configured or [Set Map Zone| if a map zone is not yet
configured. Configuring a map zone is described in the
Mapping Plane Select Zone section of this manual,
starting on Page 251.

Map Plane Ground Coordinates

If you do want to use map plane ground coordinates,
mark the Use map plane ground coordinates checkbox and
tap the |Setup Map Ground Coordinates| button to set up

your ground coordinates.

If a map projection zone is not already selected, you will first be
required to select one. Once selected, the Mapping Plane Ground
Setup wizard will open.
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Enter the origin point and tap . Ideally the
origin point should be located near the center of your job
and at an average elevation.

Enter the local ground coordinates for the origin. This
will be the local plane coordinate of the Origin Point. Itis
recommended that you use a recognizably different
coordinate range to distinguish the values from the grid
coordinates. For example, a UTM coordinate of
(4,997,000, 356,000) could become (5000,5000). The local
coordinate you enter here is subtracted from the scaled
grid coordinate of your origin point to get the ground
offsets.

Tap . This will update the entire job database
northing and easting coordinates with the ground
coordinate system transformation and return you to the
Job > Settings > Surveying screen where you must tap &
to save your settings.
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Select an arigin point to scale the
rmapping plane up to ground, The arigin
paint shiould be:

- At an average height for your project.
- Close to the middle of your
coordinates,

=+ Crigin Paoint:

L

o 7 7

Ground Systern Origin

Scale at Origin 0.995500 |a
Cornputed Fram; =
Qrigin Point 1 .
Morth 5,000,000 —
East 5,000,000 (7
4] i [ D

-Ground System Offset

Enter a ground coordinate for the
origin. The offset wil help distinguish
ground from map coordinates,

North: [S000.0 m |

East:  [5000.0m |

| < Back || Apply |

&0 7 7




Mapping Plane Scale Factor

Accessing the Scale Factor Settings

The Scale Factor settings are used to configure a mapping plane scale
factor for the current job and are accessed in two different ways:

Scale Factor for New Jobs

Type:

Units for |Meters v|
Distances:

Units for -
Angles: |Degrees |

H Adjust for Earth Curvature f
Refraction

Scale Factor Settings

You will be prormpted to configure the
scale settings at the end of the new
job wizard,

|z Scale Factor

| < Back ||

MNext =

9 7 7

When a job is being created, the second screen of the

New Job wizard contains a Use Scale Factor checkbox.
When checked, the Scale Factor settings will start as
soon as the New Job wizard finishes. This setting is

always unchecked by default.

Scale Factor for Existing Jobs

[#]Prompt for Description
[#]Prampt for Height of Rod
[ JPrompt for Layer

[ IPrampt for Attributes |
[JDoetect Duplicate Shots -

art]”
4 i D

Scale Factor:
Mo scale factor used,

[»

| Setup Scale ... |

- Descriptions | Surveying Stai{ »

0 7

For existing jobs, the Scale Factor wizard can be
accessed from the Job > Settings > Surveying screen by

tapping the [Setup Scale| button. The area directly above

this button provides details on the current scale factor
configuration.

Whenever changes are made to the scale factor, you will
return to this screen when the Scale Factor settings are
configured. This screen will display the new settings and
remind you to “Tap OK to update scale settings.” You
must then tap & to save the changes. If you cancel out of
this screen, any changes will be lost and the scale factor
will revert to the previous configuration.
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Working with a Scale Factor

Once a mapping plane scale factor is configured for a job,
the scaling affects most of the other screens and
routines. For example, when viewing the coordinates for
a point, where you would normally only see the ground
coordinates, you will now see both ground and grid
northing and easting coordinates.

On screens that contain a field where a distance is
measured from an instrument (manual input of shot
data, GPS offset shot data, stakeout tape
measurements), it is assumed these distances are on the
ground and therefore the scale factor will be applied
automatically before calculating horizontal distances in
the job.

Point: 2 N
Ground ]
N 13,151.016

E 4,376.096
Eley. 100.000
Mapping Plane

Grid N 5,769.478 =
Grid E 5,866.098
Description: S5

Angle Right: 48024'3F"
Zenith: 90°00'00"
Slope Dist: 1,154.000
Horz Dist: 1,154.000 7]

4 |||- : Y|
nput | ) Results | [ Map
1) g 2

On screens that contain a field where a horizontal distance is always

keyed-in manually, it is assumed that the distance you
enter will be a grid distance and no scale factor is
applied. If you need to enter a ground distance in one of
these fields, you can scale the distance entered from
ground to grid using the Apply Scale Factor option from
the associated [¥] power button before solving.

Once you choose Apply Scale Factor from the drop-down
list, what happens next depends on how your scale factor
is configured. If you are using a single combined scale
factor, the number you input in the settings is applied
and the new distance is inserted in the edit field without
any additional steps.
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['» daimuth: |[oo =]

R

Horz Dist: |70 EVQL

I@ Choose from map...
Choose from list...

et D Store Poi| ————

Past results...
Calculator...
|: AU Conversion...

Inpuit | Resuilts l Map ‘
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Scale Ground Input to Grid:
You need to pick a location, and
specify any change of vertical distance
to apply scale factor,

=+ Select Paint: E

Wertical Distance . |0.0 m

Grid Scale Factor:
10045324

rReference 2: 79 m
Height Scale Factor:

0.9995377

Combined Scale Factor:
1.0045200

Input Distance (Ground)
750.000

Distance Scaled to Grid @
753.390

| <Back ||

7 %

Accept

)

Mapping Plane Scale Factor

If you are using a grid scale with sea level correction,
including auto map plane mode, the Apply Scale Factor
wizard will open where a reference point and vertical
distance are needed to compute the scale factor. The
Vertical Distance is the vertical difference from the
reference point to your target. If working on a level
surface, this value will be zero.

When you tap , or if your reference point is already
known, you will be presented with the screen shown here
where you can preview and accept the changes. When
you tap , you will return to the original screen and
the Distance Scaled to Grid will replace the input distance
entered in the edit field.
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Some routines lack a point of reference for the Apply
Scale power button, or for scaling output results. If you
access one of these routines while using a sea level scale
factor you will automatically be presented with the Scale
Factor wizard before the routine opens.

For most routines, you will not see this screen since the
reference point is already known.

Tapping closes the Apply Scale Factor wizard

and the original routine will continue without scale
parameters. All results will be shown in grid only.

Survey Pro uses the following rules to automatically
identify a reference point:

e When there is a single point control, this is the
reference point, such as with the COGO > Point in
Direction screen.

/ | apply scale Fac (5 & 4 928
Fleaze pick a reference point and
specify any change of vertical distance
it order to apply your scale factor to
the results of this function,

=+ Select Paint: EI

wertical Distance @ [0.0m

Don't Scale

o 7 -

e When there are multiple point controls, the first point is the
reference point, such as with the COGO > Intersection screen.

e When a routine uses a polyline, the first point that defines the

polyline is the reference point.

e When a routine uses an alignment, the POB is the reference

point.

Other Special Cases

e Stationing and station intervals are always in grid.

e The Map Check routine handles scale factors in a unique way.
There is no Apply Scale power button. Instead, the routine
treats all input without scale and shows results without scale.

However, if you tap the button and a starting

point (location), you will get a prompt asking if you want to

scale all the inputs to grid.
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This section describes how to use several of the routines in Survey
Pro. Each example outlines the procedure to use a particular screen.
The examples are written in a general way so the user can use their
own data to become familiar with the routine.

Import / Export

The Import routine allows you to add the coordinates from any job to
the current job, or import LandXML data.

The Export routine allows you to export any coordinates from the
current job to a new job, or export the data in the current job to a
LandXML file.

These routines provide full compatibility between older TDS file
formats.

Warning: Importing coordinates from any source other than a JOB
file requires that the distance units used in the source file be
specified. It is not necessary to specify the distance units when
importing coordinates from a JOB file since those units are written
within the file.

If importing coordinates where the distance units in the source file
are different than the distance units for the current job, the imported
coordinates will be converted to the current job’s distance units when
they are imported. This is normally the desired result, but it can
cause a problem if any distance units were set incorrectly. This
situation can most commonly occur when working with International
Feet and US Survey Feet where the conversion from one to the other
is not always obvious.

Usually the difference between International Feet and US Survey
Feet is negligible (2 parts per million), but when dealing with State
Plane or UTM mapping plane coordinates, which are often very large
in magnitude, the difference can be substantial if the coordinates are
converted from one format to the other.
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If importing coordinates from a source, such as an HP 48, where you
are not sure if the units are in International Feet or US Survey Feet
into a job that is set to International Feet or US Survey Feet, you will
usually just want to import them without any conversion being
performed. To do this, be sure to select the same distance units for
the source file as those set for the current job.

Importing *.JOB Coordinates

The steps below will add the coordinates from any existing TDS job
file to the current job.

1. W.ith the job open that you want to add points to, select ,

Import |

2. Inthe Type field of the Import screen, select Job Files (*.job).
3. Tap the desired JOB file that you want to import and then tap &.

4. Select the layer where you want to place the imported coordinates
from the Choose Layer screen.

Importing *.CR5 Coordinates

The steps below will add the coordinates from any existing TDS
coordinate file to the current job.

1. W.ith the job open that you want to add points to, select

, Iméort | from the Main Menu.

2. In the Type field of the Import screen, select Coordinate Files
(*.crb).

Tap the desired CR5 file that you want to import and then tap &.

4. Select the layer where you want to place the imported coordinates
from the Choose Layer screen.
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EE Import CR5

Imparting:
DTM.cr5

Select the Distance Units Used in the
CRS File:

() Meters

) Feet

() US Survey Feet

Cancel ﬂll*

E.i]| Confirm Point Replace

Thiere is an existing point i the job with
the same name but different coordinates:
Existing Point:

436

Would you ke to replace the existing
point with the nes one?

| Yes | | Yes to all |
[ N || Notoan |
Starting At: 437

| Rename | | Rename All |

|§nmpare Coordinates... |

| Stop Importing |

£n]+
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5. The Import CR5 dialog box will open where you must

specify the distance used in the file being imported.
Select the correct distance and then tap €. (See
warning above.)

If any of the point names in the source file match a point
name already in the current job, the Confirm Point
Replace dialog box, shown here, will open asking you
what you want to do. Make the desired choice to
continue.

If a duplicate point is encountered (duplicate name and
coordinates), it will be ignored.
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Importing Land XML Files

Survey Pro gives you the ability to import the following objects from a
LandXML file:

Points
Both named and un-named (anonymous) LandXML points will be
imported as Survey Pro points.

Like in other import coordinate functions, if an imported point name
conflicts with an existing point name, a prompt will open asking if
you want to rename the imported point or overwrite the existing
point. If an imported point is identical to an existing point (same
name and coordinates), the point is ignored.

If the imported point name is invalid (anonymous or invalid
characters), a prompt will open requiring you to rename the point or
stop the importing process. All the data that was imported prior to
stopping will still be imported.

Alignments

A LandXML alignment will be imported as a Survey Pro alignment,
only if all of the following conditions are met, otherwise it will be
imported as a polyline.

e The nodes do not refer to valid points.
e The alignment contains spirals or irregular lines.

e The alignment is referred to by a road.

Parcels

LandXML parcels will be imported as polylines. If a node of the parcel
does not refer to a valid point, a new point will be created at that
node. If a parcel contains spiral curves, they will be converted to line
segments.

Groups

Group names of LandXML points, alignments, and parcels are
treated like layers and the data in each group can be imported to a
layer with the same name. If a group name is an invalid layer name,
the objects in that group will be stored to the active layer.
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Features
The only feature data that is imported from a LandXML file are TDS
feature attributes.

Importing a LandXML File
1. W.ith the job open that you want to add LandXML objects to,

select , from the Main Menu.

2. In the Type field of the Import screen, select LandXML Files

(*.xml).
3. Tap the desired LandXML file that you want to import and then
tap @.
£ 1mport LandxmL Rl 3 << 3:20 4. The first of two configuration screens will open.
\@} Please specify layers which the Selecting the On specified layer option will import all
objects wil be imported to the data to the layer specified in the corresponding
Layer Options Layer field.
() On specified layer Selecting On different layers by groups will create new
Layer: [Points '|E layers in the current project named after the groups

in the LandXML file. All the data in each group will
be stored to their corresponding layer. If a group

i vers b name is not a valid layer name, the data in that

@ e ey e e group will be stored to the active layer.

dose 7 &
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5. Tap to continue to the second screen.

When the Import polylines, alignments and parcels
checkbox is checked, everything in the LandXML file
that can be imported will be imported. When this is
unchecked, only the points will be imported.

When Import parcels to the specified layer is checked,
the parcels will be imported to the specified layer. All
other imported objects will still be stored to the
layer(s) defined in the previous screen.

Imported lines can be given a description based on
the name or description in the LandXML file by
making a selection from the dropdown list.

i |Import LandXML Fil & (£ 3:27

r Import Options

Import polylines, aignments and
parcels

Ln;g?rt parcek to the spedfied

Layer: | Points

J[]

- Point and Line Descriptions
Use As Line Description
Use As Paint Description

[ Back | [[mport ]

— &k

Similarly, the imported points can be given a description based on

their description or code.

6. Tap to import the objects. A final Results screen will

open listing the details of what was imported.

136




Other Tutorials

Import Control

The Import Control routine is a solution for people that are used to
using control files with versions of Survey Pro prior to Version 4.0.

The Import Control routine is nearly identical to the Import routine
with the primary exception that the imported points are always
stored to a special layer called CONTROL.

The Import Control routine gives you some advantages over the older
control file method of using control points in a job: You now have the
ability to modify the control points, with some exceptions, and doing
so will not modify the data in the source file from where the points
originated.

Control points are typically important, well-established points that
the user would not want to inadvertently modify. Because of this, if
any routine attempts to modify a point on the CONTROL layer, a
warning will first appear asking if you are sure before the changes
are applied.

To use the Import Control routine, tap | File | | Import Control |from
the Main Menu and then follow along with the steps listed under the
Import *.JOB Coordinates description on Page 132.

Control points can also be imported when a new job is created.
Consult the File > New Job section of the Reference Manual for more
information.
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Exporting Coordinates

The steps below will copy selected points from the current job to a
new job in a specified file format.

1. Select , from the Main Menu to open the Export

screen.

2. Select the type of file you are exporting coordinates to and tap
[Next>].

3. You can select the desired points to export using any of the
following buttons:

. allows you to select points by tapping them

from a map view.

. allows you to specify a range of points to export.

e [v]allows you to select all points; select all control points; or
select points by their description.

4. If a JOB format file was selected, tap .

If a CR5 format file was selected, tap . You must then
specify if you want to create a Sequential or Non-Sequential file.

Note: The HP 48 platform can only open sequential CR5 files.

If a TXT format file was selected, tap . This will lead to
two additional screens where the desired format of the text file is
configured. For an explanation of the available options, refer to
the Reference Manual.

5. The Save As dialog box will open. Specify a file name for the new
file in the Name field and tap . (The file extension is
automatically added for you.)
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Repetition Shots

A repetition “shot” consists of one or more sets. A set consists of four
individual shots; direct and reverse shots to a backsight and a
foresight. The result of a repetition shot is to store the foresight point
using average coordinate values that are computed from all the shots
taken.

Repetition shots can be performed with a variety of options. This
section explains how to perform a repetition shot and the different
options available.

Repetition Settings Screen

The Repetition Settings screen is used to define the method that you
will use when performing repetition shots. It includes acceptable
tolerance values between the direct and reverse shots for each set and
the desired shot sequence. The Repetition Settings must be set before
you start taking shots.

E1]| settings 1. Select|Job | Settings | from the Main Menu. (You can

Horzontal Tolerance: sor also tap the | Settings | button from the Repetition

Zernith Tolerance: seC m Screen')
Distance Taolerance: ft 2. Tap the Repetition tab. (Use the [1]»] buttons to
expose hidden tabs.)

[] shoot Distance to Backsight
[] Do Mot Shaot Reverse Distances
[] Enable Automatic Repetition

Shooting Sequence:
Bs>Fs~»B5>F5 -

Surveying | Stakeout | Repetition 4| »
Cancel &l*
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3. Set the Horizontal, Zenith, and Distance Tolerances in
the appropriate fields. The direct shots for each set
are compared to the corresponding reverse shots. If
any of the angles or distances exceeds the specified
tolerances, the Repetition Error dialog box, shown
here, will open that asks what you want to do. You
have the following choices:

. : Re-shoot only the last set.
J : Continue and use the shot anyway.

. : Throw out all sets and start over.

4. If the Shoot Distance To Backsight checkbox is
selected, distances will also be measured with each
shot to the backsight and compared against the

Ezﬂ Repetition Error

The error between the direct and
reversed shots for this set is beyond the
specified tolerances.,

Hotizontal Angle Error: 0°01'05"
Press Retry’ to shoot this set again,

Press 'Continue' to accept the shot
data,

| Retry | |I3gntinue || Cancel |

Close ﬂll*

specified Distance Tolerance. This option, of course, would require

a prism to be setup over the backsight point.

5. The Do Not Shoot Reverse Distances checkbox is available for
people that use total stations that cannot measure distances
when in the inverted, face two, position. Check this if you use this

type of total station.

6. The Enable Automatic Repetition checkbox is for users with
motorized total stations. When this is checked, the first shot to
the backsight and foresight is performed normally, but when
those shots are complete the total station will perform all the
remaining shots for each set automatically unless the user

interrupts the sequence.

7. The Shooting Sequence defines the order that the forward and
reverse shots are performed for each set. The notation used
should be read where the > symbol indicates to aim the telescope
to the next point and the ~ symbol indicates that the total station
should be flopped from face one to face two or vice versa. Each

option is explained below.

e BS>FS”™FS > BS: Shoot backsight, shoot foresight, reverse

scope, shoot foresight, shoot backsight

e BS > FS > BS > FS: Shoot backsight, shoot foresight, reverse

scope, shoot backsight, shoot foresight
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BS ™ BS > FS /™ FS: Shoot backsight, reverse scope, shoot
backsight, shoot foresight, reverse scope, shoot foresight

FS ™ FS > BS ™ BS: Shoot foresight, reverse scope, shoot
foresight, shoot backsight, reverse scope, shoot backsight

FS > BS ~ BS > FS: Shoot foresight, shoot backsight, reverse
scope, shoot backsight, shoot foresight

FS > BS ~ > FS > BS: Shoot foresight, shoot backsight, reverse
scope, shoot foresight, shoot backsight

BS ™~ BS ™ > FS ™ FS 7 Shoot backsight, reverse scope, shoot
backsight, reverse scope, shoot foresight, reverse scope, shoot
foresight, reverse scope

Repetition Shots Screen

After the repetition settings are configured for your particular
situation, the Repetition Shots screen is accessed where the actual
shots are performed.

£ —— 1. Select | Survey | | Repetition Shots | from the Main
Menu. If you have not already defined your

Murnber of Sets:

an |

o Foesghtt 2 |¥] backsight, you will need to do so before you can

access the Repetition Shots screen.

HR: 2. Enter the Foresight point name, Number of Sets and
AEEE () - e R HR (rod height) in the appropriate fields.

[HA] 180°0001" (3)  10.50"  [Tess

2A|89°50'59" (3) 617" |Toss|[ 3. Tap the button to start the process of shooting

SD | 10.000 (3) 0003 |Toss all of the sets using the sequence selected in the

Repetition Settings screen.

Side Shot | | Traverse | |ﬁacksight...|

COCC 1 HL S5.000 BS: 0°00'00"

Input | ResLilts | Map |

Settings Close

£n|+
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4. Prompts will open after every shot that instruct you
on which point to shoot next and when you when you
need to flop the scope.

If at least three sets were performed, the Average (of)
and Worst Residual fields will be filled in after the final
shot is taken. The Average (of) values are simply average
measurements for all of the shots taken. The Worst
Residual is the angle or distance measurement that
varied the most from the average from all the shots
taken.

5. Optional — The particular measurement with the
worst residual can be removed and consequently not
used when computing the coordinates for the

E] Repetition Progress

Shooting Set: 3 of 3

v Backsight direct
v’  Foresight direct @
v’ Backsight reversed

Foresight reversed

Taking Shot...
Lock
Taking Shat...

foresight point by tapping the corresponding |Toss|

Close ‘&JA

button. After tossing a measurement, the Average

(of) and Worst Residual values are recomputed (assuming there is

still data from at least three shots remaining).

6. Optional — You can re-shoot the specified number of sets, and only
collect the horizontal angle, zenith angle, or slope distance from
all the shots by tapping the , , or button, respectively.
This will replace all of the current shot data only for the selected
data type with new data. You can even change the number of sets

before shooting the new data.

7. Once you are satisfied with your shot data, tap |Side Shot| to store
the new foresight point as a side shot, or tap to store it

as a traverse shot.
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The Radial Sideshots screen is used to perform repetition shots to a

Other Tutorials

backsight and any number of foresights (side shots) from the same
occupy point. The behavior of the routine is a cross between the
Repetition Shots routine (Page 139) and the Multiple Sideshots

routine.

A single set in the Radial Sideshot routine starts with a direct shot to
your backsight followed by a shot to each foresight. You then flip the
scope and shoot reverse shots to each foresight and a reverse shot to
the backsight. You can perform any number of sets and you have the
option to shoot the reverse shots to each foresight in the same order
that the direct shots were taken or in reverse order, but the backsight
is always shot last for each set.

The following example illustrates how to use the Radial Sideshot

routine.

1. From the Main Menu, select | Survey | | Radial Sideshots | If you
have not already setup your backsight, you will need to do so first.
You must use a backsight point since the routine does not support
a backsight direction.

[JPromipt for Description
[JPrompt for Height of Rod
[JPromipt for Layer
[CJPrompt for Attributes |
[JDoetect Duplicate Shots |

IR

l_llﬂ\diu t for Earﬁlh Curvature / Refrlact i
7]

[ 3
rScale Factor:

(] Use Scale Factar:

Corventional measurements not
scaled,

| Compute Scale |
D Prompt to Reset Scale with Mew

Setups

Horizontal Tolerance: seC

0.0 =1

Distance Tolerance:

Shaoot Distance to Backsight

Zenith Tolerance:

[ ] Do Mot Shoot Reverse Distances
[ ] Enahle Automatic Repetition

Shooting Sequence:
[B=F1=..>Fn"Fnz. =F1>B -]

Surveying |Radial S5 |

(Surveying| Radilss |

%0 % AF

90 7 AF

2. Before taking any
side shots, you should
tap the & button to
check the settings.
The Radial SS
Settings screen is only
accessible from this
location. It is identical
to the Repetition
Settings screen (Page
139) with the
exception of the
choices for the
Shooting Sequence.
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Note: When using a robotic total station and Enable Automatic
Repetition is checked in the Radial SS Settings screen, only the direct
(Face 1) shots for the first set will need to be shot manually. All

remaining shots will be performed automatically.

The Shooting Sequence is where you choose to shoot all Face 2

side shots in the same order as the Face 1 shots
(B>F1>..>Fn"F1>..>Fn>B), or in reverse order
(B>F1>..>Fn"Fn>..>F1>B).

In the Surveying Settings screen, un-checking the first four
options will keep the routine from prompting you for additional

information before storing the computed side shots.

3. Enter the Number of Sets you want to perform and

tap |Shoot BS| to take the Face 1 shot at the backsight
point. When finished, the Results screen shown here

will be displayed and the Next(SS D) >[ button will be
enabled. Tap it to continue.

Note: For optimum accuracy when shooting repetition
shots, fixed prisms should be set up over each point.
Custom Smart Targets (Page 25) will also need to be
created and selected for each prism.

4. You will now start shooting each side shot in Face 1.
Be sure the description and current smart target is
selected before shooting each Face 1 shot for the first
set. (These are remembered and will automatically
update for each subsequent shot.)
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OCC: 1 HE 5.200 BS: 2, 0°00'03"

O Angle Orily

Mumber of Sets:

Rawy HA: 359°59'53" deg
Raw fenith:  90°18'20"  deqg

[shoot BS |[Next(ss D)>]

Inpuit Results | [a] Map |

OB ° AF




{53 |r-55 55 Dir

&F £ 8:209

ENN

Description: |Target 1 |

HR: [6.400 1t B8 [w] op: Dist & angle

Set:1of 2 Pt:10f 1

a  Foresight:

Ranw HA: 281°55'51" deg
Raw Zenith: £7°18'15" deg
Raw Slope Dist: 42,184 ifeet

Done w/ 55 >|[ Shoot || Next 553

Input Results | sl Map |

o9 - A

fF3|R-55 55 Rev

oF o 8:31

ER

Description: |Target 2 |

HR: 5200 7 B8 [+] op: Dist & angle

Set: 1of 2 Pt: 20f 2

a  Foresight:

Raw HA: 115°55'29"
Raw Zenith: 271°12's0"
Raw Slope Dist: 47,801

He& err, to prior res, shot;  0°00'04"
Z& arr. to prior rey, shot:  0%00'09"
SO err. to prior rey, shot: 0,004

A ] i [ [»

[ shoot ][Nexti(ss R)=

Input Results | sl Map |

o9 - A
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5. Tap to take a side shot. Once the shot is
completed, the Results screen, shown here, will be
displayed. You are now provided with three option:

Tap Done with SS >| if you are finished taking

all Face 1 side shots for this set and continue
to Step 6.

Tap if you want to throw out the
results for this shot and re-shoot it.

Tap [Next SS>| if you want to shoot another

new side shot in Face 1. You will then repeat
Step 4 for the new point. (The label for this
button will change depending where you are
in the routine and helps guide you through
the process.)

Once all Face 1 side shots are completed, reverse the

scope to begin shooting the Face 2 side shots for the
current set, taking a reverse shot to the backsight
last. If additional sets are remaining, you will repeat
the process from Step 4 until all the sets are
complete.
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7. When all shots for every set is complete, the lower 73 n_cs Bs Rev ¥ ot 837

right button will be labeled . Tapping it will

compute and store all the side shots.

o

OCC: 1 HI 5.200 BS: 2, 0°00'03"

Op: Dist & Angle

Set: 2of2

Faw HA: 179°59'56 | a
Raw Zenith: 269°40'59[
Raw Slope Dist: 13,237

Ha, err, to prior rey, shot:  0°00'09"
He err, to set average; o=o0'ag”
28 arr. to prior rey, shot:  0%00'40"
28 err, to set average: 0°00'02"

SO orr bo mvioe po bt 0007
4 Il [ I

|Shuut BS || Done = |

Input Results l Map]
9 2 ot &

146



Other Tutorials

Shoot From Two Ends

The Shoot From Two Ends screen is used to provide more
accurate vertical closure to a traverse. The routine requires
that after the foresight is shot, its location is not computed

: until after the foresight point is occupied and a second shot is

| taken to the previous occupy point. Once the second shot is

: complete, the coordinates for the original foresight are

| computed from an average of both shots.

|

\
\
\
\!

N

1. From the Main Menu, select | Survey | | Shoot From 2 Ends |
If you have not already setup your backsight, you will need
to do so before the Shoot From Two Ends screen will open.

Shot 1 Shot 2

2. Fill in the screen, including the number of sets that
you want to shoot from each point in the Number of

E.i]| Move To Other End
Setup on the New Traverse Point Sets field.

and Enter the Mew HI and HR. Walues,

3. Tap , aim toward the backsight and tap

Height of Instrument: Take Shot |.
Height of Rod:

4. Shoot the specified number of sets to the backsight

mg\g\f ”JSLE;??;Q"&S éﬁdsgﬁﬂi:w and foresight. When finished, the Move To Other

Routing. End dialog box will open, shown here. At this point
you need to move the total station over the current
foresight point, place a prism over the current occupy
point, fill in the dialog and tap @. A new screen will
open.

— & 5. Aim at the prism located over the previous occupy

point and tap | Take Shot|. You will then need to
shoot the specified number of sets to the previous occupy point.

When the final set is complete, a screen will inform you of your new
occupy and backsight point and the new point will be computed and
stored.
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Offset Shots

Three individual screens are used to perform offset shots. These
include the Distance Offset screen, Horizontal Angle Offset screen,

and Vertical Angle Offset screen.

Offset shots are generally performed to compute coordinates for
points that cannot easily be occupied by the rod. The offset routine
that you choose will depend on your situation. Each routine is

explained below.

Distance Offset Screen

The Distance Offset screen will result in the storage of a point

. 3_ftright
1 _ft back!

that is located at a specified horizontal and/or vertical distance

away from the current rod location.

The routine requires independent horizontal and vertical
distances (offsets) that are applied to a shot from the rod
location.

In the example below, a point is stored that is 3 feet to the

right of the prism and 1 foot behind the prism from the point of

view of the total station.

1. From the Main Menu, tap | Survey | | Distance Offset |
If you have not already setup your backsight, you
will need to do so before the Distance Offset Shot
screen will open.

2. The rod person should measure the horizontal and /
or vertical distance to the new point from the rod
position. Horizontal measurements should be taken
parallel and / or perpendicular to the line between
the total station and the rod.

3. If the new point is to the left or right of the rod
location, enter the perpendicular offset distance in
the Offset field and select ®L if the new point is on
the left side, or ®R to if the new point in on the right
side (from the total station’s point of view).
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E.]| Distance Dffset
@t [ |9

|mRifsoft |

Dest.: |F‘0Ie

Left [ right direction: From GUN to

ROD,

32ft
L @R ]
I —

Elevation Offset; E
Backsight...

OCC: 2 HL: 5,400 BS: 1, 0°00'D2"

Input | ResLilts | Map |

Settings Close

-\
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4. Enter a positive offset distance in the Horz Dist Offset field if the
offset to the new point is behind the rod location (from the total
station’s point of view), or enter a negative offset distance if the
new point is in front of the rod location.

5. If the new point is at a different elevation than the rod location,
enter the a positive vertical offset in the Elevation Offset field, or a
negative vertical offset if the new point is below the rod location.

6. After all the appropriate fields are filled in correctly, aim the total
station at the prism and tap the button. The offset
distance(s) entered will be applied when computing the
coordinates for the new point and the new point will be stored as
a side shot.

Horizontal Angle Offset Screen

The Horizontal Angle Offset screen is used to store a new point that
lies on a line tangent to the rod and perpendicular to the line formed
between the total station and the rod. (See illustration.) The routine
requires two shots by the total station; one at the prism, located to
the side of the new point; and one in the direction of the new point.

This example explains how to store a point at the center of an
obstacle — such as a big tree.
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1. From the Main Menu, tap | Survey |, | Horz Angle]
Offset |. If you have not already setup your backsight, o Foesgt: 3 |¥]

you will need to do so before the Horizontal Angle R

Offset Shot screen will open.

2. The rod person should position the prism to the side
of the location of the new point so that the angle
formed by the new point, the prism, and total station
form 90°. (See illustration.)

[ Backsight... | Hr: 5.0t |

3. With the total station aimed toward the new point,

- . | Aim Center | | shoot Prism |
tap th_e t_)utton_. Only the hor_lzontal OCC: 2 HI 5.400 BS: 1, 0°00102"
angle is measure during this shot so a prism does not
need to be used. gt [ Resuie | = g |

4. Aim the total station toward the prism located at the [Settings Close FAS

side of the new point and tap . The new
point will be stored as a side shot.

Note: The center shot and the prism shot can be taken in either
order.

Vertical Angle Offset Screen

The Vertical Angle Offset screen is used to store a new point
that is located directly above, or directly below the rod location.
The routine requires two shots by the total station, one at the
prism, and one in the direction of the new point.

This example explains how to store a point that is located above
the rod — such as at the top of a utility pole.

1. From the Main Menu, tap | Survey | |Vert Angle Offset | If you
have not already setup your backsight, you will need to do so
before the Horizontal Angle Offset Shot screen will open.
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2. With the prism positioned directly below the location

o Foresight:

Description:

E of the new point, aim the total station at the prism
and tap | Shoot Prism |

3. Aim the total station at the new point and tap

. (Only a zenith angle is measured during

this shot so a prism is not necessary.) A new point
will be stored with the same northing and easting as

[ Backsight... | Hr: 5.0t

| the rod location, but with a different elevation.

| Shoot Prism |

| aim zenith |

OCC: 2 HL: 5.400 BS: 1, 0°00'02"

Input | Results | Map |

Settings Close

£n]+

Resection

The Resection screen allows you to occupy an unknown point and
compute its coordinates by shooting two to seven known points.

The accuracy of the computed occupy point depends on the following
factors:

e The number of known points that are shot
e The accuracy of the known point’s coordinates
e The position of the known points relative to the total station

To better explain this last statement, when planning the location of
the total station and the known points that you will shoot, try to
avoid a situation where the horizontal angle turned between two
known points is either near 0° or near 180°. Both of these scenarios
create large errors in the computed point when a small error is made
in measuring the horizontal angle. This is particularly true when
performing a two-point resection.
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Performing a Resection

Setup the total station over the location where you want to compute
coordinates. Be sure that at least two known points are in view from
this location. (The known points must already be stored in the
current job.)

1. Tap |Survey] |Resection | from the Main Menu.
2. Enter the occupy point name that you want to o Store Pt E
compute in the Store Pt field. s M can

3. Enter the number of known points that are in view
that you will shoot in the Total Resect Points to Shoot _
field. You must shoot at least two and no more than Shots per Resect Point: |1

seven. Sequence: |Direct and Reverse

Total Resect Points to

II

L4

4. Enter the number of shots (forward and reverse) that

you want to take to each known point in the Shots [Sove ]
per Resect Point field. —

5. In the Sequence field, specify if you want to perform

Direct Only shots to each known point or Direct and tnput | ) Resuits | [ ep |
Reverse shots. Close A

6. Tap after each field is correctly filled in. A [ZR|EITEN Tt L0

new screen will open where you can shoot a resection . o~
X =+ Resect Point: I |
point. =] [~]

Option: [Distance and Angle 7]
7. Enter the name of the point that you plan to shoot in e Bof ]
the Resect Point field. -

PFT Joesc [n  JE  [EL [H
8. If you are shooting more than two resection points, 3 Eg ‘5{3--- ?g--- ?g---- 35
you have the option of taking Distance and Angle = PtS 48, 50, 4. 12

measurements with each shot or Angle Only
measurements by making the appropriate selection
from the Option pull-down menu.

1] Il [ [»
Note: The Angle Only option allows you to perform all [ Take Shot |

shots without the use of a prism, but the resulting Close A
occupy point that is computed will not have an elevation
associated with it.
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With this screen filled in correctly, aim toward the next resection

point and tap the | Take Shot... | button to shoot the specified resection

point.

E.i]| Save Point

Survey Pro will now save and set

PT:7 N:4,899.997 E:4,999.999
Ele:99.801

Ciescription:
[Pt

as your new Occupy point,

Close &l*

10.

Repeat Steps 7 through 9 until every resection point
is shot. After the final shot is completed, the Save
Point screen will open where you can specify a
description for the new point.

Tap € to return to the Resection screen. You can tap
the Results tab to view information about the stored
point or the Map tap to see a graphical representation
of the resection.
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Solar Observations

The Solar Observation screen is used to compute the azimuth to an
arbitrary backsight based on the position of a celestial body, typically
the sun.

You can either use the time set in the system clock on the data
collector or an external timepiece. Whichever you choose, you should
calibrate it against Coordinated Universal Time shortly before
performing the solar observation. An accurate timepiece is critical
when performing solar observations.

Two solar observation methods are available. One method requires
data taken from an ephemeris and the other method does not. The
example below illustrates performing a sun shot using ephemeris
data since that method requires additional steps.

WARNING! pirect viewing of the sun without a proper
filter will cause serious eye damage. Pointing a total station
directly toward the sun without a solar filter can also damage the
EDM components.
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Performing a Sun Shot

1. Setup over a point with known or assumed coordinates and aim
the total station at the backsight point to which you will
determine the azimuth.

2. From the Main Menu, select | Survey | |So|ar Observation |

E.]| Select Method

rSelect an DObservation Method:

@ Find Azimuth Using Epberneris Data

() Find &zimuth Using Date and Time

Close &l*

E.i]| Solar Dbservation

Lat:|37.2700 | Lng:[28.3108 |

aim;|Left Edge of Center -

GHAD: 176.27599
GHAZ24:  |176.28381
DedlO: -12.24453

Diecl24: -12.03539
Solar Serni-Diarneter: 0.16129

Corrections...

MNor-Linear Declination:y
State Grid:M

Input | Shots | ResLits |

3. A dialog will open asking you to select an observation
method and tap @. For this example we will select
the Find Azimuth Using Ephemeris Data option since it
contains a couple additional steps.

4. Enter the latitude and longitude for your occupy
point in the Lat. and Long. fields, respectively.

Note: Your latitude and longitude should have enough
accuracy if it is scaled from a topographic map or
measured using a handheld GPS unit.

Settings Close ﬂll*

5. In the Aim field, select the area of the celestial body
where you plan to take your measurements. For sun
shots, the trailing edge is usually used. (The left edge
when in the northern hemisphere.)

6. Tap the button if the correction
settings displayed to the right of the button need to
be changed.

e If performing a sun shot, check the Non-Linear Declination
Correction checkbox. (Leave it unchecked for star shots.)
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e Check the Correct to State Grid checkbox if you want the
computed azimuth corrected to align with the local state

plane coordinate system.

Note: The Central Meridian and Zone Constant values for the United
States are provided in Appendix A of the Reference Manual.

7. Refer to a current ephemeris and fill in the remaining five values.

When the screen is correctly filled in, tap the Shots tab.

Note: The GHAO and Decl0 values are read from the ephemeris for
the current date. The GHA24 and Decl24 values are listed in the
ephemeris for the following day. The semi-diameter is in minutes and

seconds so your value will look something like 0.16084.

8. Tap the button to open the Enter Shot Data
screen.

9. Enter the correct hours to GMT in the Hrs To GMT
field, aim toward the backsight and tap to
record the horizontal angle to the backsight. (The
true azimuth to this point will be computed at the
end of the routine.)

Note: The hours to GMT will be between +5 and +8
when in the continental United States.
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E.i]| Enter Shot Data

Horizontal Angle:  [0,0000

Current Date/Time 04072001

12:44:54
ouT: 0.0
[ [n]n] Y
Hrs To GMT
Tirre:
HH e[ 55 555
| Take Shot | | Get Local Time |
Close ﬁl‘




+

Get local time now!

fields.)

E.i]| Solar Dbservation

Murnber of Sets:
Reverse Shots
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10. WITH A SOLAR FILTER INSTALLED, aim ahead of the
path of the sun so that the trailing edge has not yet
contacted the vertical crosshair in the scope and tap
to record the current horizontal angle.

11.

Watch the movement of the sun in the scope. As soon as the

trailing edge of the sun contacts the vertical crosshair,
either tap the button or use an external
timepiece and note the precise time. (When using an external
timepiece, manually key in the noted time in the HH, MM, SS, sss

3

H.

ED - -
D1 353°10°23" 07:12:25..

D2 353°10'27" 07:13:07..
D3 353°09'52" 07:13:39..
ER.
R1

| Dir | azimuth | UTL Time |

DO
241!
241!
241!
1s0

-

4] [ [

[»]

|§huut || Toss || Del || Reset |

Input Shots Results

12. Tap @ to continue. You will return to the Solar
Observation screen and the computed azimuth for
each shot taken is displayed with other shot
information.

Note: You can delete and re-shoot the last shot taken by
selecting it and tapping the button. This is useful if
the last shot was in error.

Settings Close

£n]+

13. If additional shots are remaining, the next required
shot will be selected. Tap to access the Enter
Shot Data screen to take the next shot.

14. Repeat Steps 10 through 12 until all forward and
reverse shots have been performed.

15. After completing all shots, you can scan down the list and view
the computed azimuth for each one. If any of the azimuths appear
incorrect, you can have those shots excluded from the computed
average azimuth from all shots. To exclude a particular shot,
select the shot and then either tap the checkbox next to the shot

or the button. (You can include the shot again by selecting it
and re-checking the checkbox or tapping the button.

16.

Tap the tab to view the average computed azimuth to the

selected backsight.
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What to Do Next

With the azimuth to the backsight known, you can now perform the
following steps to begin your survey.

1.

Without moving from the occupy point used while performing the
solar observation, note the computed average azimuth from the
Solar Observation Results screen.

From the Main Menu, access the | Survey | | Backsight Setup|
screen.

Toggle the |BS Pointl / |BS Directi0n| button to BS Direction| and enter

the computed azimuth in that field.

Tip: You can use the Ll power button and select the Past results...
option to select, and automatically enter, the azimuth computed from
the sun shot earlier.

4,

5.

Fill in the remaining fields with your current information and tap
Solve]

Access the | Survey | | Traverse / Sideshot | screen, aim toward the
backsight used during the solar observation, zero your horizontal
angle on the total station and tap either |Side Shot| or |Traverse|.
The data collected should be aligned correctly with true north or
your local state plane coordinate system.
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Remote Control

Remote control mode is a special mode that makes it possible for
users to control a fully robotic total station from a remote data
collector.

Remote control mode contains additional screens that are used
exclusively with robotic instruments that perform tracking and
aiming functions. The behavior of the software differs slightly in
remote mode when a shot is taken and when performing stake out.

The remote control functions are available only after the robotic
module is purchased, and a supported robotic total station is selected
and enabled in the Settings screen.

The Remote Control Screen

The Remote Control screen is used to operate a fully robotic total
station. It is used to control the total station to have a view of the
prism and to activate search and tracking functions.

The Remote Control screen can be accessed in the
following ways:

Lirk:
Locked e Tap the |Remote... | button from any screen that
includes it.
| Turn To... || Lock | . . . .
com: | R Tradking || Ston | e Use the 7%, Remote Quick Pick, if available.
HA:  13°3753"  FS: e Select | Survey | | Remote Control |from the Main
ZAr 89°14'40" HI:  5.000
SD: 23169 HR: 5.000 Menu.
HD:  23.167 M: 5,019,780 Once the Remote Control screen is open, you can perform
vD: 0.308 E: 4987939 the following functions:
Zi 100,306
You can turn the total station in any direction using the

Results | Map | Aim |

arrow keys on the keypad. As you face the total station,

)

7

r

= pressing an arrow key will start moving the total station

in that direction. The total station will continue moving
until the button is released. These keys are typically used to get the
total station to aim in the general vicinity of the prism.
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Once the total station is aiming near the prism, the button is
used to start the total station in a search pattern. The search pattern

continues until it finds the prism.

The button puts the total station in track mode where it will
track the movements of the prism and will stop the total

station from tracking the prism.

Tapping the tab will open a screen used to
precisely aim the instrument. (Course controls are still
available using the arrow keys on the data collector and

the routine.)

Tapping within this screen will turn the instrument in
the amount that corresponds with the horizontal and
vertical scale bars. Tapping within either scale bar will
only turn the instrument horizontally or vertically
depending on which bar is tapped.

The scale bars can either display angles or feet
depending on the setting of the | » By Angle |/ » By|

button. The scale within the bars is determined
from the last distance measured by the total station.

Once an area on the screen is tapped, a message will
appear briefly that shows the amount the instrument is
turning.
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l.f».f’j" Remote Control
Link:

&F ofx 3:22

| Turn To... || Lock

i| feet

Tap to turn

25 10 0 1

EDM: | IR Tracking w || Stop

12

Results | Map | Aim |

QB ¢ 7

Link:

Standby...

Please Wait...

Turning. ..

Right: 15*00'00"
Downr: 2°12'42"

.7 .} T ) .7
L

Results | Map | Aim |

Q@ k& 7 7
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Taking a Shot in Remote Mode

When running in a non-remote mode, tapping the
|Traverse| or |Side Shotl button will simply trigger the total

‘.ﬁ;“ Remote Shot

Locked Link: station to take a shot. When running in remote mode,
tapping these buttons will open the Remote Shot screen.
Take Shot Search
) Ut Lock The Remote Shot screen is nearly identical to the Remote
Eom: [ R Trackng w||  Stop | Control screen except it has an additional button that
TR R allows you to trigger the total station to take a shot. The
Zhr §9°14'39" HL  5.000 screen is used to properly align the total station with the
SR ESuiEs) (N S prism prior to taking a shot. Once the total station is
HD: 23167 M: 5019780 aligned, a shot is taken by tapping the
VD 0,306 5 411,0908;3%39 button.
If the Remote Shot screen was accessed by performing a
Results [Map | &m | side shot, you will return to the Remote Shot screen after
<) P - the shot is completed. If the Remote Shot screen was

accessed by performing a traverse shot, you will return to
the Traverse / Sideshot screen after the shot is completed.
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Stake Out in Remote Mode

Performing stake out in remote mode is different from running in a
non-remote mode because the feedback is continuous and provided in
the rod’s point of view instead of the total station’s.

Stakeout data is presented in the Remote Staking screen. All of the
information is displayed as if the rod person were facing the total
station. The graphic portion of the screen will change depending on
how close the rod is to the stake point.

When the prism is located more than 10 feet, or 3 meters from the
stake point, the first screen shown below is displayed. In this
situation, the prism is shown at the center of the screen and an arrow
indicates the necessary direction of travel, as you face the total
station.

Once the prism moves to within 10 feet of the stake point, the second
screen is displayed. The stake point is now at the center of the screen
and the current prism location is displayed away from the center.
Dark green “lights” are also displayed around the screen to indicate
you are near the stake point.

When the prism is within 3 feet, or 0.3 meters of the stake point, the
“lights” change to light green and locating the stake point is simply a
matter of moving the round prism icon directly over the square stake
point icon.

When you are satisfied with the location of the prism, tap the
button. This will open the Stake Point screen (see Page 76)
where the stake point can be stored.
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Status:
Locked

FORWARD:
13.480
Go LEFT:
1.000
CUT:
0.016
EDM Mode:

IR Tracking w

B Design Location
B current Rod Location
{fl Direction to Gun

[y 30 Feet
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l.{i‘}"j" Remote Staking
Status:

Locked

FORWARD:

3.859

G0 RIGHT:

0.064

CUT:

0.012

EDM Mode:

IR Tracking | =g feet

@ Design Location
B4 current Rod Location
ffi Direction to Gun

EEITIEItE...”SthESS...” Done | Eemute...”StgreSS...“ Done |
@ ? B (%) ? = Al

Remote staking beyond 10 feet from target

l.{a?."j" Remote Staking

Status:
Locked

FORWARD:

0.847 @
Go RIGHT:

0.220

CUT:
0.007
EDM Mode:

Remote staking between 1 and 10 feet

l.fg.j;a'" Remote Staking

Status:
Locked

FORWARD:
0.000

Go LEFT:
0.032

FILL:
0.001
EDM Mode:

@ @

™ Design Location B Design Location

B curent Rod Location Ed current Rod Location

{ Direction to Gun {8 Direction to Gun

Remote... | |Stgre 55... || Done | Remote... | |Stgre 55... || Done |
%] ? 3t A~ ) 3¢ £

Remote staking within 1 foot from target

Remote staking over target
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Slope Staking in Remote Mode

Slope staking in remote control mode functions in nearly

the same way as with a non-remote total station (see
Page 168). The one difference is when using the final
Slope Staking screen, where the catch point is being
located, the graphic portion of the Horizontal Map and
Vertical Map is updated continuously. This allows the
user at the rod position to watch the movement of the
prism in relation to the slope and easily position the rod
over the catch point.

HE Slope Staking

ks, Slope:

HD to HP:
Cut to HP:
HD ta CL:
Cut to CL:

r Left - CUT Slope:
Rod Elew: 103.886
Des, Slope:  3.000

4.545

6.778
3.786
36,778
3.886

Below DS:
0.150

Toward CL:
0.600

Ahead Sta:
0.531

EDM: | IR Tracking vl | Results... |

| » Wertical Map

|| » Automatic Slope |

Note: You can tap in the graphic portion of the screen to
open the graphic in a larger window.

B <

[HPRSH

1

Locked

Although the graphic portion of the screen is

|_§h|:|t ||Stgre SS...H < Back | |Stn[e = |

QB 9

-

Lol

continuously updated, the numeric values are not updated until the
button is tapped. This is because accurately locating the catch
point depends on measuring an accurate elevation at the rod position.
When the rod is moving, there is no way to estimate how far the rod
is lifted off the ground. Therefore, the correct procedure for slope
staking in remote mode is to use the graphic portion of the screen to
locate the catch point as closely as possible, position the rod on the
ground and press . Once the values are updated, you can

determine if the rod needs to be moved again.
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GeolLock

GeolLock is a feature that uses a GPS receiver to calculate your
position so while working robotically, if the total station loses lock of
the prism, it can quickly turn to the location of the prism based on the
GPS position and then automatically perform a search to lock back
onto the prism.

GeoLock is available when using a Trimble or Geodimeter robotic
total station, along with a GPS receiver that outputs a NMEA signal.
Most inexpensive consumer handheld GPS receivers will output the
required signal.

Communication between the data collector and GPS receiver can take
place using a compatible data cable, Bluetooth, or a direct connection
such as with a CompactFlash GPS receiver.

All of the GeoLock features and settings are accessed

i T R Y . .
-' RE“"tE shot - " ‘ 145 while in the Remote Control or Remote Shot screens.
? er:.um Lock e Specifically, you will use the button and the
satellite icon & in the Command Bar, which changes
| Take Shot | [ search | . . . .
color to indicate different situations related to GeoLock,
| Turn To... || Auto Lock | .
as described below.
eom: | Trak  w|[  stop |
T 16952l If you tap on the satellite icon &, a list will open to
za: 90°20'01" S T access ot_her GeoLockjrelgtec_i screens. At the bottom of
o0 74.220 VD: -0.432 this list is a message indicating the current GPS status,
Foresight: 42 which coincides with the color of the satellite icon as
HI: 0.00 M. 5,285.802 follows:
HR: 0.00 E: 5,333.622
Omm Z: 107.842 o) (gray icon) Off: GeoLock is not enabled.
resits up Lo ¥ (yellow icon) On - Collecting Data: Geolock is acti
) ? o &R (yellow icon) On - Collecting Data: GeolLock is active

but a localization solution does not yet exist.

» (red icon) No GPS Data or GeolLock requires Backsight set: No
NMEA data is available or the backsight has not yet been set.

& (green icon) On - Ready: GeolLock is active and a localization
solution exists.
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Configuring GeoLock

Once you have setup your job and total station, you need
to power on your GPS receiver and establish
communication.

1. Attach the communications cable, if applicable.

2. Open the Remote Control or Remote Shot screen.

3. Set your EDM mode to Track. This is important for
the localization process, explained later.

4. Tap the satellite icon & in the Command Bar to open
a list of GeolLock options.

5. Tap Settings from the list to open the GeoLock
Settings screen. (You can also access this screen by

tapping Job > Settings > h

The options available in the Geol ock Settings screen will
vary depending on if you are using a Holux, generic
cable, or generic Bluetooth GPS receiver.

6. Make sure the Enable GeoLock checkbox is checked. If
not, tap it to enable it.

7. From the Model field, select Holux if you are using a
Holux CompactFlash GPS receiver or select Generic
NMEA for any other receiver and configure the
communication settings accordingly.

If you are using a Bluetooth GPS receiver, select

Bluetooth for the Serial Port and then tap | Bluetooth

to configure the receiver as described on Page 316.

8. If you check the Use 3D GeoLock item, the GPS
elevation will also be used when calculating your

l.{{»j" Remote Shot #he Wz 1:45
Eattery:2 Link: Good @
| Take Shot | | search |
| Turn To... || Auto Lock |
eom: | Trak  w|[  stop |
Ha: 26°12°29"

Z&: 90°09'07" HD: 75.258
S0 75.258 YL -0.199
Foresight: i

HI: 0.00 Settings  hpg

HR: 0.00 Reset 19
Omm Gats: 3

Results |Map | OfF

Ok % = AF

‘.ﬁrj’ GeoLock Settings 47 4£ 12:59

Enahle Geolock

Madlel: [Gereric NMEA -
Serial Port: COoM 3 hd
Baud Rate: 4500 hd
Parity: MNone -

Use 30 Geolock (may be unreliable
with an L1 gps reciever)

@0 7 - A

GPS position, resulting in the vertical angle of the total station
changing accordingly when using the Geol ock feature. Since
uncorrected GPS elevations are less precise than the horizontal
component, using this feature can result in less aiming accuracy

unless surveying in mountainous terrain.
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9. Tap & to save the settings and close the screen. You are now
ready to collect data and start the localizing process.

If the satellite icon is now red in color #, tap the icon and read the
bottom line of the list that opens to see what the problem is. If the
message says No GPS Data, check your communication connection
between the data collector and GPS receiver. If the message says
GeoLock Requires Backsight set, you need to solve your backsight or no
localization solution can be calculated.

Localizing

With your backsight set, the data collector now knows your position
in the job’s coordinate system and since it is receiving a GPS signal,
the data collector also knows your position in the geodetic coordinate
system, but the data collector has not yet aligned the job’s coordinate
system with the geodetic coordinate system. This is indicated by a
yellow satellite icon with a question mark in it & in the Command
Bar.

The process of aligning the two coordinate systems is called localizing
and until that happens; you will be unable to use the GeolLock
feature, although you can still collect data.

Localizing takes place automatically in the background as you move
around as long as the EDM is set to Track because the total station is
routinely measuring your location while the GPS receiver is
simultaneously measuring your location. Both of these measurements
are compared and in theory, the more comparisons from different
locations that are made, the better your localization solution will be
and the more accurate GeolLock will be. Once a localization solution is
available, the satellite icon will change to green &,

Localization will still occur if the EDM is set to Standard, but a
solution will take much longer to obtain because the total station will
only measure your location when you take a shot.

There may be some situations where you will want to throw out your
localization solution and start over. For example, if you moved the
GPS receiver away from the prism, the GPS position would no longer
match the position measured by the total station, resulting in an
incorrect localization solution. To reset your localization, tap the
satellite icon # and select Reset from the list. The icon will change

167



User’'s Manual — Conventional Mode

back to yellow & and you will need to move around again to re-
localize before you can use the GeolLock feature.

Using GeolLock

If, for example, you have a localization solution and you pass behind a
group of trees where the total station loses lock on the prism, the

button will become enabled. Tapping will instruct

the total station to turn to the location of the prism based on the last

GPS reading, followed by a search until the total station is locked

back onto the prism.

Slope Staking

The ultimate purpose of the slope staking routine is to locate where
the design slopes that extend from the ends of a roadway intersect
with the actual terrain at various stations. This intersecting point is

called the catch point.

Before a road can be slope staked, it must first be designed. The first
step to designing a road is to define the path of the road’s centerline.
This line can be in the form of a polyline or an alignment. Creating

this line is explained in detail starting on Page 49.

Once the centerline is defined, the cross-sectional profile of
the road must be defined. This profile is then superimposed
onto the centerline at a specified station interval. The final
step is to go out in the field and stake the catch points at
each of these stations.

A road’s cross sectional profile always consists of left and
right road surfaces, which are tangent at the centerline. An
optional curb or ditch can also be included in the road
profile. The final segment of a road’s profile has either a
specified positive slope or a specified negative slope, which
ends at the catch point. This final segment attaches to the
edge of the road at what is called the hinge point since this
segment can hinge between a positive and negative slope
around this point.
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Fill Area cutArea  The Slope Stake routine can automatically determine if the

Terrain

outer slope of the road profile should have a positive or a

negative slope based on the location of the hinge point. If

the hinge point is located below the surface of the terrain,
a positive slope is selected and a cut will be required,

- . starting at the catch point. If the hinge point is located
Aroad requiring afillonone 51,06 the surface of the terrain, a negative slope is selected
side and a cut on the other side. \yere a fill will be required, starting at the catch point.

The illustrations here show examples of a road that requires a fill on
both sides; a road that requires a cut on both sides; and a road that
requires a fill on one side and cut on the other side.

It is important to remember that when slope staking a road, the road
profile always remains the same and the slope of the final segment
can only equal the specified positive (cut) slope, or the specified
negative (fill) slope, but the length of this final segment can vary as
much as necessary until it ends at the surface of the terrain (the

catch point).

Defining the Road Cross-Section

EE Slope Staking

Tap Line... r‘
_,—'-'"_'_ﬂ_
To/From... H y E

Begin Station: [0+00.0 [~

OCC 1 HL S.000 BS: 0°00'00"

Backsight...

Settings Close ﬂll*

1.

From the Main Menu select ,
. You will need to select a line that
defines the centerline of your road. If one is not
available, refer to Page 49 for details on creating
polylines and alignments.

Tap the button and then tap the polyline

or alignment that describes the centerline of the road
you want to slope stake and then tap & to continue.

Enter the station that you want to assign to the
starting point of your alignment or polyline in the
Begin Station field.

If the backsight is not yet set up, tap the
button and set up the backsight. Tap to
continue.
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5. Enter the horizontal width of the left and right sides
of the road in the 1/2 Road Width fields. These widths
do not have to be the same.

6. Enter the cross-slopes of each side of the road in the
X-Slope (%) fields.

Note: A negative X-Slope value will result in a slope
where water runs from the centerline of the road toward
the edge.

7. If the road profile also includes a curb or a ditch,
check the Stake Curb / Ditch checkbox and define the
curb or ditch as follows.

Ezﬂ Slope Staking

L/2 Road Width: Stake Curb f Ditch
e

R (2000 ft

Height:
¥-Slope (%):
L Offset From
Edge of Road:
20|
Pip——— O i
y
| < Back || Next > |

Settings Close

it

8. If defining a ditch enter the depth of the ditch as a negative value
in the Height field. If defining a curb, enter the height of the curb

as a positive value in the Height field.

9. Enter the horizontal width of the curb or ditch in the Offset From

Edge of Road field.

Note: You can tap in the graphic portion of the screen to open the

graphic in a larger window.

10. Tap to continue to the next screen.

11. Enter the first station that you want to stake in the
Station field. This station will be referenced from the
Begin Station, assigned to the starting point of the
centerline earlier.

12. Enter the distance between each station that you
want to stake in the Station Interval field.

13. Enter the Cut Slope and Fill Slope in the respective
fields. These slopes will be used to compute the
location of the catch point for either cut or fill
situations.
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. Ditch
Fil S'°p§ \ £ 14. The Segment # (Fill HP) field is used to select which

Terrain | segment to compute the slope from in a fill situation. This
Catch Point  Hinge Point is useful when your road profile includes a ditch and you
(Segment 2) are staking an area that requires a fill. In this situation,
A road with a ditch requiring the ditch would not be necessary so you have the option to
a fill and the hinge point is at compute the slope from Segment 1. (See illustration.)
Segment #2.
15. Tap | Stake CP > | to begin locating the catch points.
Fill Slope ¢

E—
Terrain

Catch Point Hinge Point
(Segment 1)

A road with a ditch requiring
a fill and the hinge point is at
Segment #1. (The ditch is
ignored.)

Staking the Catch Point

16. If the | » Force Cut Slope|/ | » Force Fill Slope| / | » Automatic Slope|
button is set to | » Automatic Slope | (recommended), a

1% | Slope Staking cut slope will automatically be selected if the hinge

- Right - CUT Slope: ——————— point is located below the surface of the terrain and a
Rod Elev:  100.205  Below DS: fill slope will be selected if the hinge point is above
Des. Slope:  2.000 0.455 -

Obs. Slope: 10637 Toward CL: the terrain. You can also force the computed values
HD to HP: 1.121 0.910 to be based on a cut slope or fill slope by tapping the
cperotp: 219% on station button until it reads | » Force CUT Slope | or |» Force]

Cut to CL: 0.205 FILL Slope | respectively.

EDM: | Inst. EDM _ w| | Resuits... |
[» vertical Map | [ » Automatic Slope | 17. The button will display more detailed cut fill

ur: 5.0 1t and location re_sults, which is also accessible from the
(Y] Store Catch Point screen.
1P| y Store 5S...
[ shot ][ <Back | store> | Note: The button is only available from the Store
Close Settings 7 Ai|+| Catch Point screen when using GPS or Remote mode,

which is accessed after tapping .

18. The |» Vertical Map |/ [» Horizontal Map |/ | » Shot Data | button is
used to toggle which information is displayed on the screen.
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Note: You can tap in the graphic portion of the screen to open the
graphic in a larger window.

19. With the rod in the general location of the first catch point that
you want to stake, aim toward the prism and tap . The
distance and direction information will be computed and
displayed along with other information pertaining to the shot.
The routine automatically determines if you are staking the left
or right catch point by the proximity of the rod.

Des. Slope is the design slope of the nearest cut or fill slope when
|Automatic SIope| is selected, otherwise it is the design slope of the
selected slope.

Obs. Slope is the observed slope of the terrain at the current rod
location computed from the last shot and the corresponding hinge
point.

Cut / Fill is the amount of cut or fill necessary for the rod to be on the
design slope from the current rod location. If this value is zero, you
have located the catch point, provided you are on the correct station.

Away (CL) indicates that the rod must move the specified horizontal
distance away from the centerline (perpendicular to the centerline
and parallel to the current station) to locate the catch point. Likewise,
Toward CL indicates that the rod must move toward the centerline by
the specified distance.

On Station indicates you are properly aligned on the current station.
Back Sta indicates that the rod must move back toward the start of
the alignment (parallel to the centerline) by the specified distance to
be properly aligned over the current station. Likewise, Ahead Sta
indicates that the rod must move away from the start of the
alignment to be positioned over the current station.

The remaining information displays the horizontal and vertical
distances to the hinge point and centerline from the current rod
location.
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Note: All previous shots taken while locating a specific catch point
are shown in the map view as large X's. These can be useful in
determining a situation where there is no catch point. (The slope
never intersects with the surface of the terrain.)

20.

21.

22.

Once the catch point is satisfactorily located and staked, tap
[store >]
Enter a Point Name and Description in the corresponding fields

and tap [Store CP]

You can optionally stake a location at a specified horizontal offset
from the catch point (away from the centerline) by entering the
offset distance in the Offset from CP field and tapping .
This will open a new screen where the offset point can be staked
like any other stake point.

Tap . You will be prompted if you are done staking

points for the current station. If you tap , you will return to
the third slope staking screen where you can then tap the

Next Station | button and advance the Station by the Station

Interval and begin locating your next catch point.
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Intersection

The Intersection screen computes and optionally stores the

coordinates for the intersection of two lines that are tangent to

existing points.

Each line is independently defined by a known direction

or a known length. In the situation where there is more
than one possible solution, each solution is provided and
optionally stored.

rFirst Point
+roes @ |
| » Distance: ||?DD ||v|

1. From the Main Menu, select | Cogo | | Intersection |

2. In the Point 1 field, enter the point name that is
tangent to the first line that intersects with the other
line.

3. Toggle the first button to | Distance | or | Azm or Brg |
depending on if the first line intersects at a known
distance from Point 1, or at a known direction from
Point 1, respectively.

4. In the same way that you defined the first line,

rSecond Point

troiz [ |+
| » Lz or Brg: ||230 ||v|
> [ store Paints: IEI

Input | Results | Map |
Close &l;

define the second line tangent to Point 2 in the Second Point

section of the screen.

5. If you want to store the intersecting point(s) that are
computed from the routine, check the Store Points
checkbox and specify a point name in the same field.
If there is more than one solution, the additional
points will be stored with the next sequential point
name.

6. Tap to compute the intersecting points. You
can view the point’s coordinates by tapping the
tab and see a graphical representation of the
intersections by tapping the tab.

The map shown here illustrates a situation where two

intersections were computed from a line with a known

length tangent to Point 1 and a line with a known
direction tangent to Point 2.
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Map Check

The Map Check screen is used to enter distance and direction
information from a map for straight and curved sections to compute
closure, and other information from the entered boundary.

Entering Boundary Data

Each straight and curved section of the boundary is entered using the
|Add Line...| and |Add Arc...| buttons in the order that the sections occur
on the map.

1. From the Main Menu, tap | Cogo | | Map Check |
Map Chec

Edit...

A=

End

5°00'00", L=155
#z-182°0000%, L=251 | 3. Toggle the Azimuth|/ Bearing] button to the desired

az=zage00O0Y, L=25]| 2. TO add a straight section, tap the button

00’0’ L=171, to open the Add/Edit Line screen.

setting and then enter the direction in that field.

| Closure | 1]

i [ T»

Add Line...
Add Arc...

i

add to Map...

4. Enter the length of the straight section in the Length
field and tap @.

When you return to the Map Check screen, the straight
section is displayed in a map view in the right-hand
portion of the screen, along with any previously entered

sections.

nput [ ) Resuts |

Close

1. To add a horizontal curve to the boundary, tap the

A button

2. Describe the curve in the Add/Edit Curve screen.
3. Tap @ when finished.

Each section is added to the end of the previous section until all the
sections are entered. When you are finished, you can view the details

of the entered boundary by tapping the tab. You can also
merge the entered data with the current project, described later.
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Editing Boundary Data

Any entered section can be modified if an error is discovered. To edit
a particular section, select the section from the left-hand portion of
the screen and tap the button. The details of the selected
section will open in the same editor that was used to create it. Simply
make the necessary changes and tap .

Adding Boundary Data to the Current
Project

You can add the boundary data that was entered to your current
project. Points will then be created for the ends of each section that
was entered and the line for the boundary is stored as a polyline.

The polyline can be used in any routine that supports them such as
Inverse Point to Polyline, Edit Lines, Computer Area, etc.

1. Toadd the boundary data to the current project, tap  [#R|FR R

the button. Description:  [MapCheckt =
2. In the Description field, enter the desired name for E;EE{EEEES Your Polyiing Begin (PO or
the polyline that will be stored. :
3. Define the location of the beginning of the first
section that defines your boundary. Paint:
. . _ ¥ Point: |1
e To specify a new location, tap the D || |E
button and enter the appropriate northing, Start Storing Points at:
easting and elevation. B Store Points: E
e To specify an existing location, tap the
button, and enter the point name in the
same field. (Alternatively, you can tap the Close mA
button and then tap on a point from the map
view.)

4. Enter a name for the initial stored point in the Store points field.
Each new point that follows will automatically be stored with the
next available consecutive point name.
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Predetermined Area

The Predetermined Area routine will take a boundary with one open

side and compute the location of a line that will enclose a boundary
with a specified area.

Two methods are available for computing a predetermined area, the
Hinge Method and the Parallel Method. Each method is explained

below.

Hinge Method

The Hinge Method computes the location of a side of a boundary
that has one fixed point and a known direction. The fixed point

4 (hinge)

2 3

Tap Line...
To/From...

| b Azirnuth:
o [v] Store Pt:

J
H i Izl
|pooo0 |f+]

R

~| @ Hinge
) Parallel

Solve

7 |[2cres

Input | Results | Map |

Close ﬂll*

2.

acts as a hinge where the computed side can pivot.

For example, assume you have three points that define an open
boundary and a known direction for one side. You can use the
Hinge Method to compute the location of the final side of the
boundary so that the entire boundary encloses a 7-acre lot. The
hinge point in this example is in the upper right corner of the
boundary. The computed boundary line will fall somewhere in
the gray area shown when the lot is equal to 7 acres.

E.]| Predetermined Area 1.

Select | Cogo | | Predetermined Area | from the Main
Menu.

Tap the first power button E and then select the Tap
Points... option. Tap the points in the map view in the
order that they occur in the boundary where the
hinge point is tapped last.

Enter the direction of the left side of the boundary in
the last field. In this example, the azimuth is 0.

Check the Store Pt 1 checkbox and specify a point
number in the same field if you want the endpoint of
the computed line to be stored.

Enter the desired area (7 acres in this example) and
select the # Hinge radio button.
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Note: The boundary can have as many points as you desire, but the
selected points must begin with the starting point of the fixed line
that the hinge line intersect with and end with the hinge point.

6. Tap [Solve] The final boundary side will be computed  [ZR|f R EIN——_—ywI
and the data can be viewed by using the Results and
Map tabs. If you selected to store a point in Step 3,
the computed point will also be stored.

EEEER

1

[ 200 feet
Input | ResLilts | Map |
Clase &l*

Parallel Method

The Parallel Method computes the location of one side of a four-sided
boundary where the computed side is parallel to a stationary side of
the boundary.

!

Using the same lot as we used above, we will compute the location of
a line in a 1/3-acre boundary that is parallel to line 2-3 and intersects
with a line that runs north from Point 2 and Line 3-4 as shown here.

2@[;’

3
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rras @7
[ v Azimuth: 2151618 |}w
8 [v] Stare Pt 1: &6 -
+ Paint 2: 1 -
| » szimuth; ||0.0000 -
o Mstorertzs (57 |+
7 |[cres *| ) Hinge
() Parallel
Input | Results | Map |
Close ﬂll*

1.

5.
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Tap | Cogo | | Predetermined Area | from the Main
Menu.

Enter the first point that defines one of the sides of
your three-sided boundary in the Point 1 field.

Define the direction of this side of the boundary that
will intersect with the endpoints of the computed
line. For this example, you would tap the second
power button Ll and select Choose From Map... and
then tap Points 7 and 1.

Enter the second point that intersects with the other
side of the boundary in the Point 2 field and assign it
an azimuth of 0 in the field below.

If you want to store points where the computed line

intersects with the two sides, check each Store Pt box and specify
point names in the corresponding fields.

6. Define the area of the boundary in the next field (7 acres in this
example) and select the « Parallel radio button.

E.]| Predetermined Area

l

B

EEEE R

1
4 7
e 200 Feet

Input | Results | Map |
Close

£n]+

7.

Tap . The final boundary side will be computed
and the data can be viewed by using the Results and
Map tabs. If you selected to store points, the
computed points will also be stored.
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Horizontal Curve Layout

The Horizontal Curve Layout screen is useful to compute the
locations of any station along a horizontal curve using one of four
different methods. The values computed can be written down and
used to later stake those stations in the field.

1. Tap | Curve | | Curve Layout | from the Main Menu.

2. Select the method that you want to use to compute your curve
layout data in the Method field. Each method is described below.

PC Deflection

The PC Deflection method computes a chord

length from the PC to the current station and a
deflection angle between the PC-PI line and the

chord. RP

Current
Station

Deflection

Pl Deflection

The PI1 Deflection method computes the distance
from the PI to the current station and the

deflection angle between the PI-PC line and the ,
Pl to Station. RP Deflection® Pl

Current
Station
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Tangent Offset

The Tangent Offset method computes a
perpendicular offset length (Tangent
Offset) from the PC-PI line to the current
station and the distance on the PC-PI line
from the PC to the Tangent Offset
(Tangent Distance).

Chord Offset

The Chord Offset method computes a
perpendicular offset length from the PC-PT
line to the current station (Chord Offset),
the distance on the PC-PT line from the PC
to the chord offset (Chord Distance), the
distance from the PC to the current station
(Chord Length) and the deflection angle
from the PC-PT line to the PC-Station line.
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Define your horizontal curve by making the
appropriate selections from the first two buttons and
filling in the corresponding values.

Enter the station to be assigned to the PC in the PC
Station field.

Check the Interval box if you want to compute data
for stations at fixed intervals on the curve and enter
the distance between them in the same field.

Enter the station that you want to compute in the
Current Station field and tap .

Tap the tab to view the numerical
information for the location of the current station.
Tap the tab to view a graphic of the current
station on the curve.

Ezﬂ Curve Layout

Methad; |PC Deflection -]
[ ¥ Raclus: 000 i+]
[ » Delta: |[po.oo00 ][]
PC Station:  [0+00.0 [~
Interval:  [100.0 ft E
Current 1+00.0 E
| Solve | | Station + |
| Layout | | Station - |
Input | Results | Map |
Close ﬂll*

Tap to advance the current station by the specified
station interval or tap to subtract the station interval

from the current station.
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Parabolic Curve Layout

The Parabolic Curve Layout screen is useful to compute the locations

of any station along a vertical curve when two parts of the curve are
already known. The values computed can be written down and used
to later stake those stations in the field.

Tap | Curve | | Parabolic Curve | from the Main Menu.

1.
Main Men
2. In the Known field, select if the station and elevation

Knowm: (@) PyC() PyI

|Hig|h,r Lo Elevation v|

PWC Station:  |0+00.0

PWC Elevation: |100.0 ft

Begin Grade:  |5.0
End Gade:

%o

]
]
[v]
[+

HijLo Elev:  [150.0ft [+

| Solve | | Layout..

Input | Results | Map |

Close

£n]+

for the PVC or the PVI are known by selecting the
appropriate radio button. Also specify if the Curve
Length, Point on Curve, or High/Lo Elevation is known
from the dropdown list. (The remaining information
that must be entered will vary depending on the
choice made here.)

3. Fill in each field with the remaining information that
pertains to your parabolic curve and tap .

Note: The length of a parabolic curve is the horizontal
distance from the PVC to the PVT.

Note: The horizontal distance from the PVI to the PVC always equals
the horizontal distance from the PVI to the PVT
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Spiral Layout

A spiral curve is a special curve that has a specified radius at one
end, which gradually changes to an infinite radius at the other end. It
is commonly used as a transition between a straight section and a
circular curve.

The Spiral Layout screen is used to calculate the pertinent parts of a
circular curve after specifying the spiral curve’s radius and length.

1. Tap , from the Main Menu.

2. Enter the radius of the spiral curve in the Curve field.
3. Enter the length of the spiral curve in the Length field.

4. Tap . The details of the specified spiral curve can be viewed
by tapping the Results and Map tabs.

< X >
< X of Throw >
Tangent Vo
Spi A .
Piral Curve ! Delta
TS (Tangent to Spiral) Spiral PI—/_ "~ Y
Y of Throw— SC (Spiral to Curve)

Circular
Curve
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Curve and Offset

The Curve and Offset screen allows you to design a curve and stake it
in the field. You can stake the curve’s centerline or an offset to the
curve at any specified station interval.

Define Your Curve

1. Tap | Stakeout | | Curve and Offset | from the Main

EE Stake Curve And Offset Menu.

-Define a Curve: 2. If you have not yet setup your backsight, tap the
+rcpont: [[&ls |+ Backsight...| button and set it up.

| PC Tangent Azm:_||25 || 3. Specify the point that you will use for the PC of your
| » Radius: |[50 [l curve in the PC Point field.

Turn: () Left () Right

Begin Statiorn: [+000__ |[w] | TiP: You can use the power button, [+] to select a point

from your map.
OCC: 6 HE 5.000 BS: 0°00'00"

4. Define the direction of the tangent azimuth at the PC

of your curve by selecting | » PC Tangent Azm| or
Settings Close A |» PC Tangent Brg| and enter the appropriate value in
this field.

5. Define the size of the curve by selecting | » Radius|, | » Degree Arc|,
or | » Degree Chord| and enter the appropriate value in this field.

Note: Since the length of the curve is not required, you can
potentially stake a 360° curve.

6. Select the radio button that defines if the curve turns toward the
Left or Right as you view the curve from the PC.

7. Enter the station that you want to assign to the PC in the Begin
Station field. (This value is typically zero.)

8. Tap to continue.
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Set Up Your Staking Options

9.
10.

11.

12.

13.

Al

14.
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Enter the first station that you want to stake in the
Station field.

Enter the desired spacing between the staked
stations in the Station Interval field.

In the Offset field, select L if you wish to stake an
offset on the left side of the curve, or select R if you
wish to stake an offset on the right side and enter
the desired offset here. (If you are not staking an
offset, enter an offset of zero.)

Tap the | » V.Offsetl/ | » Grade| button if you want to
account for a vertical offset or percent grade for the
staked points and enter the appropriate valued in
the same field. When specifying a vertical offset, you
must also select the D or U radio button to indicate if
the specified offset is downward or upward from the
design point, respectively.

E.{]| Stake Curve And Dffset

pon 9

Station Interval: [10.0ft  |[Next Sta |

Station:

et
®L Or 200 ft [~
o

3 0 0.0 ft
D offer] 5 )| ||
Height of Rod:
OCC & HI 5.000 BS: 0*00'00"
|Ba_|:ksi|_:|ht... | | < Back || Solve |
Settings Close &l*

Enter the current rod height in the Height of Rod field and tap

Solve>].

m the Total Station

Using the information displayed on the screen, aim
the total station toward the design point and tap
. The graphic portion of the screen shows the
curve, backsight direction and design point location
relative to the total station.

E.i]| Stake Curve And Dffset
Station:
0+00.000
H. Offset:
Y, Offset: =

rFrom Gun to Design Point:

20.000 L

Angle Right:
295°00'00"
Horz Dist:
20.000
vert Dist: A
0.000 FT6
ZE to Rod:
90°00'00" H

OCC: 5 HL: 5.000 BS: 0°00'00"

Circle Zero | | < Back ||_§take hed |

Settings Close ﬂll*




Other Tutorials

Stake the Point

E.]| Stake Curve And Dffset

rFrom GUN to ROD:

Height of
FORWARD: 0.500 Rod:
GoLEFT:  0.000 =0 ft
Coarse EDM (Fast Shot)
Diesign Eley: 114.792
Rod Elev:  114.792 CUT:
-Shot Data:——  0.000
A asa0i
295°00°00" Shot
Tenith: Stake Next =
e
SAAS Store 55...
Slope Dist:
20.500 Store/ Tape...
| < Back || Store... |
Settings Close ﬂll*

15. The final screen allows you to stake the current

16.

station. With the rod positioned where you want it,

tap the button to take a shot. If necessary, move
the rod and take another shot until it is over the
design point.

Tap the button to save the stake point. You
will automatically be returned to the second screen

(Step 9) where you can then tap the Next Stal button
to advance the current station by the station interval
and stake the next point.
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Scale Adjustment

The Scale routine will adjust the coordinates of selected points by a
specified scale factor relative to a base point. This is useful to repair
data that was collected where an incorrect scale factor was applied.

1.
2.

Tap | Adjust | Scale | from the Main Menu.

Use the |Tap Points...| or |To/From...| button to specify
the points that you want to adjust.

Enter the name of the base point in the Base Point
field.

Specify the scale factor to apply in the Scale Factor
field.

If you also want to adjust the elevations of the
selected points, check the Include Elevation in
Adjustment checkbox.

Tap . The coordinates for the selected points
will be adjusted.

5 points selected

Cprs |
Tap Points... " FEPH E

=+ Base Point: E
Scale Factor: E

Inchude Elevation in Adjustment

Solve

Close ﬂll*

Note: If you choose to also scale elevations, the scale factor will be
applied to the difference in elevation between the base point and each
selected point. For example, if the base point elevation was 100 and
the elevation for a selected point was 150, applying a scale factor of
0.5 would result in an elevation of 125 for the selected point.
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Translate Adjustment

The Translate routine will move points horizontally and/or vertically
a specified distance and direction. This routine is often used after a
survey was performed in an assumed coordinate system. If the actual
coordinates for at least one of the points is found later, the Translate
routine can be used to shift all of the affected points to the correct
coordinate system and/or elevation.

1. Tap | Adjust | |Translate |from the Main Menu.

2. Use the |Tap Points...| or |To/From...| button to select the points that
need to be adjusted.

3. Define the direction and distance for the adjustment using either
of the following two methods:

Translate by Distance and Direction

The Translate by Distance and Direction method simply requires that
you enter the distance and direction to adjust the selected points.

e Leave the Translate by Coordinates checkbox

4 points selected

unchecked.

o gk e Toggle the |» Azimuth |/ |» Bearing | button to the
Tap Points... RTSH E desired format and enter the direction to adjust
[¥ 2t e |E the selected points.
Harizontal Dist: E e Enter the horizontal distance to adjust the
vertical Dist: E selected points in the Distance field.
Trans, e Enter the elevation to adjust the selected points
gl in the Elevation field.
oords
e e Tap|[Solve] The selected points will be adjusted
by the direction and distance entered.
Close &|A
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Translate by Coordinates

The Translate by Coordinates method requires that you define a
starting location and an ending location. The adjustment will then
move all of the selected points in the direction and distance as defined
between the starting and ending locations.

190

Check the Translate by Coordinates checkbox.

In the From area, enter the starting location by
tapping the | » Point | / | » Location | button and
either specify an existing point name or enter
coordinates.

In the To area, define the ending location in the
same way as you did for the starting location.

Tap . The selected points will be adjusted in
the same direction and distance as between the
starting and ending location.

E.i]| Translate

4 points selected

. pTY
Tap Points... FT5H E

From [ WRointi |

Point 1 E|

Trans.

Tao » Location: by §
Coords
52233277 ft
Morth: — —
East: |6141.3551
Elev: [157.2344  |[w]
Close &|A
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The Rotate Adjustment routine will rotate selected points around a

specified rotation point.

ECT—

2.

4 points selected

. PTS
Tap Points... PTSH E|

+rotaton Pt [t |+

() Simple Angle
() Old and Mew Azimuths

[»Od szmuth: |[ss.ooo0 ||+
[ »New dzmuth:  |[ss2asd |[w]
[ |
Close &|A

Tap | Adjust | | Rotate |from the Main Menu.

Use the |Tap Points...| or |To/From...| button to select

the points that need to be rotated.

Enter the point that the selected points will rotate

around in the Pivot field.

Select a radio button for one of the following rotation

methods:

If you select Simple Angle, simply enter the
rotation angle in the appropriate field.

If you select Old and New Azimuths, enter an Old
Azimuth and New Azimuth in the appropriate
fields. (The rotation angle used is the computed
angle from the old azimuth to the new azimuth.)

5. Tap . The selected points will be rotated around the rotation

point by the specified angle.
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Traverse Adjust

The Traverse Adjust wizard will perform an angle adjustment, a
compass rule adjustment, or both.

Angle Adjust
The Angle Adjust routine will compute the angular error

in a closed traverse from a known closing angle. It will Choose Your Traveree:
then distribute that error equally among all of the Tap Polyline.
internal angles so that the resulting sum of the angles To/From [;_2 -
will equal (N-2)-180° because the sum of the internal

angles of any closed polygon can be computed using this Angle Adjustment (Polvaan Rule]
formula, where N is the number of sides of the polygon.

i

Cornpass Rule f Bowditch Adjustment
After performing an angle adjustment, all of the points [] Adiust Elevations
except for the first two points will be adjusted. (The

azimuth of the first leg will remain constant.) LIS ElRATEIE

The closing angle provided is used to compute the
angular error. It is the angle as you occupy the closing

point, aim toward the second point and turn an angle-
right to the second-to-the-last traverse point (see Close Bl
illustration).

Note: An angle adjustment does not always adjust the closing
point to a location that is closer to the starting point. 2

Closing
Angle
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Compass Rule

The Compass Rule Adjustment will adjust either a closed or an open
traverse. When adjusting a closed traverse, the error between the
closing point and the initial point is computed and distributed among
each traverse point, except the initial point resulting in a perfect
closure. When adjusting an open traverse, the error between the final
point’s actual location and specified theoretical location is computed
and distributed among the traverse points in the same way as with a
closed traverse.

Typically the Angle Adjust option should also be selected to remove the
angular when performing a compass rule adjustment.

Adjust Elevations

The Adjust Elevations option only applies when performing a Compass
Rule adjustment. If this option is selected, the elevations for the
adjusted points will also be adjusted along with the horizontal
coordinates resulting in perfect closure vertically as well as
horizontally. If this is unchecked, the traverse will only be adjusted
horizontally.

Adjust Sideshots

The Adjust Sideshots option allows you to also adjust any side shots
that were stored while occupying any of the traverse points in the
selected traverse.

The side shots that will be adjusted are determined by the
information stored in the raw data. Because of this, the end user
cannot explicitly define which side shots to include or exclude from
the adjustment.

The side shots are adjusted by first computing the new locations of
the traverse points, which are the occupy and backsight points for the
side shots. The routine will then read the original angles and
distances recorded for each side shot and apply those measurements
to the adjusted locations of the appropriate traverse points.

193



User’'s Manual — Conventional Mode

Performing a Traverse Adjustment

1.
2.

Tap | Adjust | |Traverse Adjust | from the Main Menu.

Use the |Tap Polylines...| or |To/From...| button to select
the polyline or points that define your traverse,
which should be in the same order that the traverse
points were collected.

Select the appropriate checkboxes to define the type
of adjustment(s) to perform and what will be
adjusted.

Tap to continue to the next screen. The
screen that opens will depend on the selections made
from the main screen.

If an angle adjustment is being performed, the
screen shown here will open. Enter the closing angle
for the traverse in the form of an angle-right.

Tap to open the next screen of the
adjustment wizard.
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E.i]| Traverse Adjust

Choose Your Traverse:

Tap Polyline.. D
To/From... H W E

Angle Adiustrnent (Polvgon Rule)

Compass Rule f Bowditch Adjustrent
[] adijust Blevations

Adjust Sideshots

Close ﬂ|‘

EE] Traverse Adjust

-Angle Adjust

Enter the observed dosing angle of the
traversa,

Closing Anghe: E
| < Back || Next = |
Close ﬂ|*




E.i]| Traverse Adjust 7.

-Compass Rule

If a Compass Rule
adjustment is being

) Closed Traverse

(@) Close to Knawn Location

performed, the screen
shown here will open.
Select Closed Traverse if

Location:

you are adjusting a closed
traverse or select Close to
Known Location if you are

» Foint:

adjusting an open traverse

and closing to a known
point or location. A closing
location can be defined by
an existing point or known

| <> Back

|| MNext = |

coordinates by toggling

Close

Bl the [ » Point | /| » Location|

button accordingly.

Other Tutorials

Note: if closing to a known location and a
closing location is not specified, it is

automatically assumed that the first point
of the traverse will be the closing location.

Tap to open the final screen of

the adjustment wizard, which displays
the changes that will be made by the
adjustment where they can be
previewed before the actual
adjustment is applied.

The screen lists the adjustment details
in three main sections: the angle
adjustment details; the compass rule
adjustment details, and the point
details where the before-and-after
coordinates for each point are listed.
An example of the information
provided in this screen is shown here.

*EE Pravigw FHEE

Adjustment Settings
Angle Adjust
Corrpass Rule

Angle Adjust

Criginal
Error dist.
Errar azm
Precision
Angular error
Change per angle
Closing angle
Length
Perimeter

Adjusted
Error distance
Error azimuth
Precision
Length
Perimeter

Compass Rule

Closing to Known Location
Location M
Location E
Location Z

Criginal
Error distance
Error azirmuth
Precision
Length
Perimeter

Adjusted
Error distance
Erraor azirmuth
Precision
Length
Perirmeter

Paint Cetails

Traverse
First point is fixed

Traverse
Original N
Original E
Original 2
Adjusted N
Adjusted E
Adjusted 2
Change N
Change E
Change 2
Linear change

Traverse
™

0.483
126°28'02"
1:6609
37°51'05.81"
-4°12'20,69"
261°30'00"
3,255.484
3,255,978

333.416
G62023'21"
19
3,200,484
3,588,900

0,743,847
5,066.043
230.810

(After Angle Adjust)
3z3.201

62e18'47"

1.9

3,295.484
3,588,900

0.000
Perfact
3,230.649
3,231,142

12

12
5,204,289
5,439,999

245,320
5,350,777
5,024,881

246,320

56,388
84,882
0.000
101.905

1

If you are satisfied with the changes that will be made by the
adjustment routine, tap to perform the adjustment.
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Surface Scan

The Surface Scan routine will automatically take a sequence of shots
within a predefined area when used with a robotic total station
running in reflectorless mode. The data collected can then be used
with PC software to create a 3-D raster image of the surface or to
generate a DTM surface, which can be used to compute volumes.

Before starting a scan, you should check the Surface Scan settings.

1. Select |Survey| > |Surface Scan| to open the Surface Scan

routine.
2. Tap the & button to check your settings. f3|Surface Scan Se 5 &7 4£ 2:31
a. The Point Description will be used for each | Point Description:
scanned point that is stored. Target Depth Range:

b. The Target Depth Range is used to specify ||"" ffeet
a minimum and maximum distance R ifest

range for points located on the surface to .
Max. Tirne For a Shot: -m SEC.
be scanned. If any shot taken has a

distance that falls outside the range
specified here, that point will be rejected.
(This is useful to automatically reject any
points that do not fall on the surface you
want to scan.)

&0 7 AF

Note: You can select =7 > Remote Control to quickly
measure some distances to determine your Target Depth Range. (EDM
Mode must be set to Track.)

c. If any shot in the surface scan takes longer than the
time specified in the Maximum Time For a Shot field,
that shot will be rejected and the routine will move on
to the next shot.

d. Tap @ to return to the Surface Scan screen.

The Surface Scan routine requires that you first define the perimeter
of the surface you want to scan along with the interval that
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determines how many shots will be taken within the perimeter. The
more shots that are taken, the more detailed the surface scan will be,
but the longer it will take to complete.

3. Inthe Select Type of Surface Scan field, select if you want to
use either the Distance Grid method or Angle Grid method to
set up the surface to shoot. Each method is described below.

Distance Grid

The Distance Grid method requires three shots to be taken to define
the perimeter of the surface that you want to scan. The first and
second shots must be in the upper left and right corners of the surface
and the third shot can be anywhere along the lower edge of the

surface.
= a. Enter a point name for the first (top-left)
T & g 2 : - i i
{3 surface Scan Se ) & 4¢ 2:33 point of your surface in the Point 1 field.
Type: |Distance Grid v| . . .
b. Aim the total station at the point and tap
Point 1:[[]]2 | [ [[shoot 1] Shoot 1|. The New Point screen will open
point 2:[[a |3 | [ ][shoot 2] where you can provide a new description
point 3: ][4 | [+ |[shoot 3] for the point before storing it.
d 2 c. Shoot Point 2 and Point 3 to define the
5 5 HR:*'E upper-right corner and bottom edge,
respectively, of the surface in the same
Horiz. Dist, Interval: ifeet way Point 1 was shot.
Wert, Dist. Interval: ifeet
Show Outline|[Show Unit | [ Next > | Notg: If any of the th_ree points were stored during a
o 7 = A previous scan, the point numbers can be entered
manually without re-shooting them.

The Horizontal Distance Interval and Vertical Distance Interval fields are
used to configure the spacing between each shot taken within the
boundaries of the surface. The smaller the distances entered here, the
more shots will be taken, resulting in a more detailed surface, but
while taking more time to complete.

d. Enter the desired horizontal distance between each
shot of the surface being scanned in the Horizontal
Distance Interval field.
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e. Enter the desired vertical distance between each shot
of the surface being scanned in the Vertical Distance
Interval field.

Distance Grid Advantage and Disadvantages

The advantage of using the Distance Grid method is it is more
intuitive to set up the spacing between shots (distance interval) since
the distance interval can be measured on the surface being scanned
and irrelevant of how far the total station is from the surface.

The disadvantage of the Distance Grid method is it must be possible
for the total station to measure distances to the three required shots
that define the surface perimeter. The curvature or shape of some
surfaces would make measuring distances to all these points
impossible.

Angle Grid

The Angle Grid method requires angle measurements to £l |surface Scan 5e ) & ¢ 2:35
be taken at two opposing corners of the surface to be

i ) . Type: |.£\.ngle Grid v|
scanned. (It is not required to shoot distances to these
points.) B HAZA 1 Shoot 1
Th th to define the t ints. but Ha: [0.0000 | za: [45.0110 |
ere are three ways to define the two corner points, bu
y g

most users will choose to shoot the points with a total
station as described below. The first of the other two
method is to enter the horizontal and zenith angles by m
hand in their respective HA and ZA fields. The third ﬁ—_ HR: [0.00ift % [+]
method is to toggle the button for the )

Hotiz, Angle Interval:

lgespelctlvedcorner to |» Point | where an existing pointcan |, ., o oo
e selected.

Ha: [17.0033 | za: [53.1357 |

[y

deqg

=

deq

Show gutline” Show Unit | | Next > |

ES AF

a. Aim the total station in the upper-left
corner of the surface to be scanned and

tap [shoot 1|

b. Aim the total station in the lower-right corner of the

surface to be scanned and tap [Shoot 2|.

Note: The two corner points in the Angle Grid method must
encompass the area to be scanned — they do not have to be on the
surface itself since no distances are measure to these points.
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The Horizontal Angle Interval and Vertical Angle Interval fields are used
to configure the spacing between each shot taken within the
boundaries of the predefined surface. The smaller the angles entered
here, the more shots will be taken, resulting in a more detailed
surface, but while taking more time to complete.

¢. Enter the desired horizontal angle to turn between
each shot of the surface being scanned in the
Horizontal Angle Interval field.

d. Enter the desired vertical angle to turn between each
shot of the surface being scanned in the Vertical Angle
Interval field.

Angle Grid Advantage and Disadvantages

The advantage of using the Angle Grid method is the corner points
that define the perimeter of the surface must only encompass the
surface and do not have to be on the surface itself.

The disadvantage of the Angle Grid method is the spacing between
each shot is based on the angles provided. The spacing is therefore
affected by the distance between the total station and the surface
being scanned. Finding a suitable angle interval may require some
trial and error.

4. The HR should almost always be left at the default value of
zero since all shots taken are reflectorless (no rod).

5. The button is useful when the laser pointer is
activated on the total station. Tapping this button will
instruct the total station to “draw” a box around the
perimeter.

6. The button is similar to the [Show Outline| button,

except it will draw a box around a single horizontal/vertical
interval. This is useful to verify your interval results in
satisfactory spacing.

7. Tap to continue to the Surface Scan Statistic screen.
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The Surff':lce Scan Statistics screen displays useful i3|surface Scan 5t €3 &F 4 2:38
information about the computed surface to be scanned,

including an estimate on how long it will take to Rectangle Dimension:  Battery:57%
complete the surface scan. (W) 1.B5Lift x (H) 1.800 ift

8. Be sure to check the Store Pts box to store all the | Total Number of Points to Shoat:
points that are scanned and specify the starting | 380 {19 raws x 20 caks)
point number in the corresponding field. Ectimated Time to Finish:

9. Tap to start the surface scan and open the | == () 37 secls)

Surface Scan Results screen. B[] Store pts: 0 |+

| < Barck ||_§|:|> |

‘.:'i.rw.‘;'j" Surface Scan Re (£ &F 4¢ 2:44 The Surface Scan SCE\I:’\ [ %] P ot &|A
Results screen displays

information related to how far along

the routine is with the scan. It can be

stopped early with the button.

Elapzed Time: Battery:93%
5 min(s) 33 sec(s)
Rermairing Estimated Time:
14 min{s) 14 sec(s)
Paoint Being Shot:
99/380 (Row 5/19 Col 20/20)
Shots Failed: 1}
Shots Rejected: o

% Done: 26

%, Failed: 0.000

Points Stored: 99 You can tap to view surface ScanRe @ &
Results | Map the Map card, which

) B * AJ~| shows all the points that

have been scanned in
green, any points that were rejected in red and the
points that have yet to be scanned in gray. (Existing
points are displayed as smaller black squares.) You can
toggle between an

[» X,Y View] or an | » X,Z View].

Results | map
IR Al
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Leveling Fieldwork

Leveling is one of three possible surveying modes that can be used
with Survey Pro.

Leveling mode in Survey Pro can only be used after purchasing and
registering the Leveling Module. (See Page 4 for more information on
registering modules.) Once registered, level loops and the 2 peg test
can be performed.

Leveling data collection is organized into loops. A level loop is a series
of level measurements that start with a backsight on a known point
with a valid elevation. This point is referred to as the Starting
Benchmark. The level loop is closed with a foresight to another known
point, called the Closing Benchmark. A level loop can close on the
starting benchmark or a different point with a valid elevation.

A level loop can have two states: open and closed. Once a new loop is
created, it is automatically opened. It will remain open until you
decide to close the loop. A level loop is closed after the shot is taken to
the closing benchmark.

Level loops are stored within the current raw data and job files,
which can contain any number of level loops.

Any open loop can be selected from the current job as the active loop
for data collection. Once a loop is closed, it cannot be reopened for
data collection and can only be viewed or adjusted.

Key Terms

Level Loop: A level loop is a series of data collection observations
where a known elevation is initially recorded and used to precisely
determine the elevation at other locations. A level loop is usually
closed to the same benchmark where the loop was started, but can
also be closed to any other benchmark with a known elevation.

Turning Point: An intermediate point used in a level loop that the
rod occupies that is not a benchmark. Turning points are not stored
in the job, they are not permanent marks on the ground, and only
exist while the rod occupies them during the foresight/backsight
measurements.
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Benchmark: A pointin a level loop that is stored in the current job.
Benchmark points are usually permanent marks on the ground that
can be reoccupied at a later date. Benchmarks are part of the level
loop since they are used as the backsight for the next setup, with the
exception of the closing benchmark.

Leveling Side Shots: An intermediate shot from any setup in the
level loop. Side shot points are stored in the job file, but are not part
of the loop (they are not used as the backsight for any setup).

Leveling Stake Points: An intermediate shot from any setup in the
level loop where the elevation is compared to a design point to provide
cut/fill values.

Turning Points vs. Sideshot/Stakeout Points: A level turn is the
BS — FS observation that calculates the elevation of the next point in
the loop. A level turn always advances the level to the next setup in
the loop. A side shot or stake out is a FS observation to calculate an
elevation of a point not in the loop. A side shot or stake out
observation does not advance the level to the next setup in the loop.

Leveling Set Up

To switch to Leveling Mode, tap the instrument icon in the
Command Bar of the Main Menu and then select Switch to Trimble B
Leveling. The leveling instrument icon =i in the Command Bar v Manual Mode
indicates Survey Pro is in Leveling Mode. Manage Instruments.,
When Leveling Mode is active, the Surveying menu item is v Conventional
replaced with the Leveling menu item and the Stakeout menu Switch to GPS
items are disabled. Switch to Leveling

e 7 % 75
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Level Settings

& x 9:03

() ES1...BSN>FS1...FSn
(® [B51 FS1:F52 BS2]N

Murnber of Sets (n:
Stadia Constant: 100
W, Dist Tolerance;  |0.085617 ft

H. Dist Tolerance:  |0,328084 ft

Tolerance for Error Checking:
BS-FS Sight Length <

£.96168 ft Per shat

BS-FS Sight Length <

]

-

Files | Surveying | Stakeout | Level ||

4 »

9 0 2 AL

FGCS Defaults &F +4x 9:05

Load FCGS tolerances for Three
wire leveling with the selected
order and class.

Order:  (7) First

The Level Settings screen is where the shooting sequence
and leveling tolerances are configured. Fill in the screen
as necessary. If any shots exceed the tolerance specified
and the corresponding checkbox is checked, a prompt will
appear to warn you. Consult the Reference Manual for
more information on the individual fields in this screen.

The | Load FGCS Defaults | button will open the EGCS
Defaults screen where you can specify a particular order
and class for the level loop. This will then automatically
fill in all the tolerances on the previous screen with the
default FGCS values.

#) Second
) Third
Class: -1
(@)
& 0 7 7 I \s

Note: It is important to recognize that Survey Pro can
only display a warning if tolerances are not met. It is up
to the surveyor to determine if the level loop meets the
criteria for a particular standard.
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Leveling Methods

Survey Pro supports the following leveling methods:
e Three Wire
e Single Wire
e Electronic
e Trigonometric

All of the leveling methods can be performed in Manual Mode, where
the readings are read from an instrument and then manually keyed
into the data collector. Electronic and trigonometric methods can be
performed automatically, where the data collector communicates
directly with the instrument and the readings are automatically
transferred to the data collector.

Auto Leveling

If using an instrument where the data will be entered electronically,
activate the existing instrument profile.

1. With Survey Pro in Leveling Mode, open the Job > Settings >
Instrument screen.

2. If an instrument profile does not yet exist, tap the
| Create New Instrument | button and create a new instrument
profile. (See the Instrument Settings screen in the Reference
Manual for more information on instrument profiles.)
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Manual Leveling
If you will be entering data manually, select and activate
Manual Entry Mocke Leveling Method: the Manual Mode and tap | Activate | to activate it and
() Thres Wire then tap | Instrument Settings | to open the Level Method
) Single Wire screen. Select the manual leveling method you want to
(@) Electronic use and tap @.
{3 Trigonametric

£ |Level Method &F dx 11:01

@0 7 = A

Level Loop Procedure

The procedure for leveling with Survey Pro is nearly identical no
matter which method you are using. The main difference for each
method is the type of information that is entered with each shot

taken.

The steps that follow explain the procedure for taking all four various
types of shots: Turning points, side shots, stakeout, and benchmarks.
The various prompts for data entry while collecting in Manual Mode
are also covered for each leveling method.

For the examples below, it is assumed you have already activated
Leveling Mode and have configured your instrument and level
settings. You should also already have a point stored in the current
job with an accurate elevation to use as your starting benchmark.
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Creating a New Loop

206

1.

From the Main Menu, select >

|Se|ect/Create Loop | This will open the
Select/Create Loop screen.

You can select an existing loop that has not yet
been closed, or create a new loop. Selecting a
closed loop will display detailed information
about that loop.

Tap the button. The New Level
Loop screen will open.

Enter a name for the new loop in the New Loop
field and enter your starting benchmark in the

CBM field. Tap to continue.

B |select/Create Loop 4 =(x 9:18
2 elect/Create Loop 4 =X

Select an Existing Loop:
oop four

Created:

Closed:

Loop Description:

Control Benchrark Point(s):
Benchrmark Poirtis):

Lewel Stakeout Point(s):

Lewel Sideshot Point(s):

<] Il | [»

[ [»

4]

| Activate Selected Loop |

| View Level Motes for Selected Loop |

Mew Loop >

Create a Mew Loop

o 7 - Al

‘.{&’j" New Level Loop

New Loop:

Starting Control Benchmark (CBM) point:

PRI 7~ R
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4. The details of the new loop are displayed on this
screen. You can optionally enter a description for

l.f».f'j" New Level Loop  &F =fx 10:58

Mewr Loop Mame: loop six the new loop and then tap | Create Loop | to create

Desct | | and open the new loop.

Starting CBM Mame: 1
Description: Start
Elervation: 100.0 ft
I: 5000.0

E: 3000.0

Layer: Points
Feature: <Mone=

< Back | Create Loop |
o 2 - Al

£iB survey Pro &F x 10:17 5. A prompt will tell you that the new loop has been
created. Tap and you will automatically be

taken to the Level screen where you can begin

The level loop 'loop four' was .
@ created, collecting data.

'.'_-'iurvey Pro

Tap eithier [Turn to Turning
Paint], [Turn to Benchmark ],
[Sideshot], or [Stakeout] to
begin the Backsight
chservation to CBM point 'L

View Level Notes for Selected Loop |

Mew Loop >
Al

Create a Mew Loop
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Level Screen

208

6.

This is called the Level screen, although the title

bar displays the name of the current level loop. ~Current Loop Details:

The Level screen will automatically open after a Last Benchmark Point: —

new loop is created, or if an existing loop (that Tosal BMs: 0 Total Tums: 0

has not yet been closed) is selected. It can also be BS-FS Sight Lengths: 0.000 m

accessed manually from the Main Menu by Total BS+S Lengths: ~ 0.000m

selecting | Leveling | > | Level | -Backsight Point: 1 ————
Elev:  100.000

The Level screen is used to indicate which type of ||Red: — GE =

shot you want to take next. Most of the time you HDBE —

will be shooting a turning point, as described in  |/Sideshot >|| Turn to Benchmark > |

Step 7, and immediately begin taking shots. |stakeout >|[Turn to Turning Point >|

The other_ three options will open an ' _ Input| Notes|

intermediate screen where you must first provide ) 2 - A

additional information before taking shots. —

Once the necessary shots are taken for the selection made
from this screen, you will return to this screen to make
another selection. This process is repeated until the level loop
is completed.

When you access this screen for the first time after creating a
new level loop, or after completing a set of shots, your next
shot will always be at your current backsight no matter which
type of shot you select from this screen. The backsight on the
first shot of a new loop will always be at the starting
benchmark.
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Turn to Turning Point (Leveling Shots)

7. When shooting a turning point, you will
immediately be prompted for the necessary shots
for all sets in the sequence selected in the Level

fiF|set 1 0f 5

Shooting the BS PE: TP

...B5>F1..F5 Settings screen (Page 203). This screen is also

used when performing the actual shots for all the

Press the ‘Take Shot' button other types of shots that can be selected from the

whien you are ready, Level screen.

-
The top line of this screen is saying that your
backsight point for this setup is the first turning
point that you shot for this loop (TP1), which
indicates this is your second setup. If your
backsight were a known point that was stored in
the current job, the point name would be
o 7 - A displayed here.

The box on the second line tells you which shot to
take next. The term B1 means to shoot the backsight for Set 1.
If the box showed F3, it would mean to shoot the foresight for
Set 3, and so on.

8. Tap the | Take Shot | button to take the shot.

When shooting in Manual Mode, you will be prompted to
enter the shot data manually. The type of information
required depends on which leveling method was chosen in the
Level Method screen as described on Page 205. Each prompt
is shown below.
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3 |[Enter shot Data & Wx 12:10

Shooting the BS Pt: TP3

Upper vire:  |TKINGY
Center Wire: 0.0m

Lower Wire: 0.0m

[ |Enter shot Data & =x 12:11

Shooting the BS Pt TP2

Center Wire:

o0 9 - AF

%0 97 AF

Three Wire Shot

£ |enter shot Data & x 12:09

Single Wire Shot

Shooting the BS Pt: T3

Wertical Distance:

Horizontal Distance: 0.0m

[ |Enter shot Data & Wx12:12

Shooting the BS Pt (direct): TP2

Zenith:

Slope Distance:

%0 97 - AF

%0 7 AF

Electronic Shot
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i3 |shots Results o 4352 9. Once all the shots in the sequence are completed,
mePont 1 the Shot Results screen will open listing the
Awerage (of)  Waorst Residual details for each point.
:' BEE é;gggg o You can remove the backsight and/or foresight
shot with the worst residual by tapping the
Resulting HI: - 101.704 corresponding button. The shots with the

FS Point:  TP1 worst residuals are always removed first.

Dest: Continuing to tap the button will eventually

Asverage (of)  worst Residual
W, Dist:  1,452(3) 0.0
H. Dist:  10,123(3)

remove all the shots taken to that point.

You can also add additional sets for the
Resulting FS Eley:  100.252 m backsight, foresight, or both by tapping the
|ES...||£S... ||ﬂ||... ||Sture Observation| or button, respectively.
. If everything on the screen is acceptable, tap
o 2 I \s 10. If hi h i bl

| Store Observation |to continue. You will return to
the Level screen shown in Step 6.

If the completed shots were for a turning point or benchmark,
you are expected to advance to the next setup where your
previous foresight will become your new backsight. If you
completed a side shot or stakeout shot, you will remain at the
current set up to shoot additional points.
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Turn to Benchmark

11.

12.

This option should be used whenever you will be
shooting any benchmark other than the starting
benchmark. (The starting benchmark is always
the backsight for the first shot in a level loop.)

Enter the benchmark point in the BM Point field.
If this is a closing benchmark, this point must
already exist in the current job.

Shooting a benchmark other than the closing
benchmark is similar to shooting a turning point,
except the benchmark will either be stored as a
new point, or if the point already exists, the
elevation, or the elevation and coordinates can be
overwritten with the values from this routine.

Tap to continue.

‘.Ej" loop four
Choose a Paint to Foresight as a Leveling

Benchrnark:
@ BM Point ~

Desc: |bm? |
Default Location for New Points: ——

N [S124.0ft |

E |52830ft |

Backsight Point: 1

Elev:  100.000
Rod: - HEo -

H. Dist; -
X ? 2 I\

Note: If you are intend to shoot your closing benchmark and
accidentally tap | Turn to Turning Point| instead of | Turn to Benchmark|,
you can simply cancel € out of that screen to return to the Level
screen and then make the correct selection.

212

13.

14.

If shooting a point that already exists, the Point
Exists screen will open.

If you are not shooting your closing benchmark,
tap to overwrite the existing point
with the new computed elevation, or tap

to store the benchmark as a new point. You

will then return to the Level screen and will not
continue with the following steps.

If you are closing your level loop to this
benchmark, tap | Close Loop By Existing Point | to
continue.

The next screen will prompt you to take the
necessary shots as described in Step 7. Take the
shots and store the observation to continue.

&F 4% 3:36

{53 Point Exists

'1'"is a leweling control benchrmark:,
It can not be overwritten, what
do you want to do?

Store New Point

Existing:
1
Mext:
a7

| Overwrite | |

Use Next

Close Loop on Control Benchmark —

| Close Loop By Existing Point |

® 7 AL
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If you are not closing your level loop, you will return to the
Level screen in Step 6. If you are closing your level loop,
continue to the next step.

Close Loop &F ofx 3:43

Loop Mame:

Starting CBM Point Mame:
Diescription:

Eleation:

Paint To Close Upan:
Description:

Knowen Elevation:
Observed Elevation:
Starting - Closing Eley,:
Longest BS Sight Length:
Shortest BS Sight Length: —
Longest FS Sight Lenagth:
Shortest FS Sioht Length:
IMMax, BS - FS Sight Lenagths Per Setl4]

L I fmlm 1 al P

4] il [ [

I

| Close Level Loop |

15. The Close Loop screen will open and display all
the information about the loop. If you tap

Level Loop |, the loop will be closed and no more

shots for that loop can be taken. You will then
return to the Level screen and all the shot
buttons will be grayed out.

Note: Once a level loop is closed, no additional shot data
can be added to it.

o 7 - A

‘.ﬁ;“ loop four o o Fa7

rCurrent Loop Details:

Last Benchrnark Point: -
Total BMs: 0 Total Turns: 2

ES-FS Sight Lengths: 45230
Total BS+FS Lengths: 445,220

rBacksight Point: 1 —M8MMM

Eleyv: 97.245

Rod:  10.000 HI.  107.245
H. Dist:  100.000

|§ideshut = || Turn to Benchmark - |

|Stalgec|ut }”Turn to Turning Point }|

Input | Motes |

OB ? Al

16. Tap the Notes tab to view all the information
about the level loop.
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17. While viewing the notes for any level Ioop_, you / & 4% 12:03
can _tap the _(Settlngs) but_to_n to customize t_he — BS(+) I
settings for this screen. (This is the only location 1 1.704 005 10
where you can access this Settings screen.) gpl 1433 8278 10

7
B
g
TR2 1.533 14.328 1]
1
Surm 4,675 30,592
Arithmetic ... 100,000 +4.676 -4
Closure Poi,.. Ohserved ... Minus K
Allowable ... 0.001 m
Current Lo, 111-0.003 mil
<] Il [ [»
] ? = Al
For more information on each field of this screen, [E={EZEEE o 4x2:03
consult the reference manual. Columns to Display:
StationPoint Marme:
BSi+)
] &5 Dist
HI
D 15(-) Colurnt widths:
[ 15 Dist Auto Resize
FSi-) Stylen
(] Fs Dist ® Compact
Elav i) Double Spaced
[]Desc
@ © 7 - Al
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Side Shots

18. Prior to shooting a benchmark or turning point,

‘.ﬁ;“ Remote Loop o dx 12:18

Choose a Paint to Foresight as a Leveling
Side Shat:

oSS Point; [+]

Desc: (S5 |
Default Location for New Points: ——

N [1589.2272m |

E |1568.8056 m |

Backsight Point: TP3 —M—
Elev: 30.773

Rod:  1.000 HI;  31.773
H. Dist:  25.000

(<] @ 32 s

you can shoot any number of leveling side shots
to compute the elevation for any arbitrary points.

Enter the point name in the SS Point field, and an
optional description in the Desc field. Since the
horizontal coordinates for the new point cannot
be computed from the leveling routine, you must
provide them manually in the N and E fields.
Once you tap , you can begin taking the
necessary shots for the side shot in your shooting
sequence, as described in Step 7.

When you are finished, the new point will be
stored, and you will return to the previous screen
where you can select the next shot type. You will

not advance to a new setup until after a turning point or
benchmark is shot.

Note: Once a stakeout or side shot sequence is performed, the
backsight for the current setup will be computed so any future shots
from the same setup will only prompt you for foresight shots.

215



User’'s Manual — Leveling Mode

Stakeout

19. Shooting a leveling stakeout point is similar to a
leveling side shot in that it must be done before
shooting a benchmark or turning point from any
particular setup, and once complete, you will
return to the Level screen where the next shot Aokront:  [(HE_ ]
type is selected, without advancing to the next
setup.

‘.Ej" Remote Loop oF dx 12:19

Select a design point for stakeout:

Enter the point from the current job that you
want to stake in the Stk Point field and tap Backsight Point: TP3

. Elev: 30.773
Next > | to take the necessary shots in your rodk 1.000 o 31773
shooting sequence, as described in Step 7. H. Dist:  25.000

Since the horizontal coordinates cannot be

computed from the leveling routine, it is
assumed you already know the location of the @ ? @ Al
stake point and only want to measure the elevation for that

location to compute a cut/fill value.

Adjustment

The Leveling > Adjustment screen can be used to remove the error
computed from any existing closed loop. This is a simple arithmetic
adjustment where the computed error can be either distributed
equally among each setup in the loop, or a weighted adjustment can
be distributed where setups that are farther apart will carry more of
the error adjustment than those that are closer together.

See the Reference manual for more information on performing a level
loop error adjustment.
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2 Peg Test

The 2 Peg Test is used to check the collimation error of the
instrument. The test will compute the error, which can then be used
to adjust the horizontal crosshair of the instrument.

1. Position two rods 50 to 90 meters apart (165 to 300 feet).

2. Pace off the distance between the rods and set up the level
midway between them. (The placement of the rod over Point
B can be adjusted after shooting Point A.)

3. Carefully level the instrument. You should be able to rotate
the instrument 180° around its vertical axis without the
bubble moving away from the center.

4. From the Main Menu, select | Leveling |> | 2 Peg|

l.f».f'j" Peg Test .

5. Tap . The Leveling Shots screen will
open where you will be prompted to take each set
of shots to the rod over Point A. Once each shot is

RS completed for the number of sets entered in the

Level Settings screen, you will return to the Peg

Test screen.

Shooting the shot 'al' on point 2,

A2
6. Turn the instrument to the rod over Point B.

Press the 'Take Shot' button
when you are ready,

© 7 = A
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218

7.

10.

11.

You can optionally tap Check H. Dist| to verify the

instrument is centered between the two rods.
The distance to Point B will be measured and
compared to the horizontal distances previously
measured to Point A and a come/go distance will
be provided so the rod at Point B can be moved to
equal the horizontal distance to Point A prior to
taking the shots that will be used to compute the
error.

Tap . The Leveling Shots screen will
open again and prompt you to take the required
shots to the rod over Point B. Once completed,
the Peg Test screen will open with a new graphic
showing the next setup.

Move the instrument as close as possible to the
rod over Point A where a shot can still be taken
to it. This is typically about 3 meters (10 feet)
from the rod.

Tap . The Leveling Shots screen will
open again where you can take the required
shots to Point A from the new setup.

Once complete, turn to Pont B and take the
required shots to that point.

H.Dizt H.Dist

Shiooting the shot b1 on point B,

Bl | B2

Press the 'Take Shot' button
when you are ready,

Check H. Dist|

Q@ 7 7

| Take Shot |

L]

l.f».f’j" Peg Test

A B

2% H.Dist

Shiooting the shot ‘32" on point A,

>A2

Press the 'Take Shot' button
whien you are ready,

7 o+

Q L]
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Peg Test Results 12. After the final shot is taken, the Peg Test Results
screen will open showing the details of the shots
mwerage (of) AN taken and the computed error.
a1 ¥.Dist 1.075(3) 0.000
© H. Dist: 30,0003}
b1, ¥ Db 1,247(3) 0.000
" H. Dist; 30.000(3)
4o VoDt 1.783(3) 0.000
©H. Dist:  1.00003)
. V. Disti 1.946(3) 0.000
b2 4 pist;  59.000(3)
(b2 - a2) - (bl - al)
Error= ——/— ———
(HD1 + HDZ)
= -D.00014592z222
e T 7 A
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GPS Overview

This portion of the User's Manual includes basic fundamentals of
GPS coordinate systems and measurements. The following section
discusses how GPS coordinates are used in Survey Pro. Both of these
sections contain general information that applies to both the GPS
module and Basic GPS module.

Following these general sections are two sections that are specific for
the GPS module and the Basic GPS module. Each of these sections
provide instructions that guide you through how to set up GPS
equipment and use Survey Pro for GPS data collection and stake out.

There are two methods to collect GPS measurements with Survey
Pro: Real Time Kinematic (RTK), and data logging for post
processing. Both methods calculate geodetic positions with a
differential GPS solution using carrier phase pseudo range
positioning. When doing RTK GPS, you will need to solve a coordinate
system in the data collector to transform the real time geodetic
coordinates into local coordinates for your survey. When doing post
processing, you may solve a coordinate system in the PC software.

This section describes some basic concepts and terminology
associated with RTK and post processing data collection. In this
section, you will learn:

» Some basic terminology and theory required to understand
GPS measurements.

» A description of the different GPS solution types, and the
expected precision of each one.

» A description of the WGS84 datum and how to use different
horizontal datum transformations in Survey Pro.

» A description of different vertical datums in North America.

» A description of geodetic and mapping plane coordinate
systems.

» A description of scale corrections for the mapping plane, scale
correction for height, and how to apply the combined scale
factor to convert ground to grid distances.

» A description of using Ground Coordinates on a reference
mapping plane.
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» A description of geoid modeling and how to use geoid models
for vertical transformations.

RTK and Post Processing

Using GPS for precise survey measurements requires data from two
receivers to be collected simultaneously. There are two common
methods for calculating positions with this data: Real Time
Kinematic (RTK) and post processing.

In an RTK survey, at least one receiver acts as a base station,
collecting GPS measurements and broadcasting the raw data over a
modem link such as a radio, cell phone, or an Internet IP connection.
The other receiver acts as a rover, receiving the base data and
combining it with its own measurements for a real time solution of
position at the rover.

The rover receiver can get the base data from a single base station
setup in the field, or from a computer server delivering the base data
over the Internet. Base data delivered over the Internet can use one
of two methods: Single base, or Virtual Reference Station (VRS).
Using data from a single base over the Internet is essentially the
same as using a base station setup in the field. In this case the rover
receives data from a single base station and calculates its RTK
position where the expected precision is a function of the distance
between the rover and the base. Using data from a VRS involves the
network software calculating corrections from multiple base stations
in the network. In this case, the rover receives data corrected for
systematic errors and can calculate its RTK position with a precision
similar to short baselines, even though the real distance to the base
stations may be quite long.

In a post processing survey, two or more receivers log raw GPS
measurements simultaneously to a file in the field. Then, the data is
downloaded onto a computer where the differential solution is
calculated (post processed) after the field data collection is completed.

Survey Pro can control GPS receivers for RTK, RTK simultaneous
with post processing, and post processing only data collection.
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GPS Measurements

GPS coordinates are computed using pseudo-range positioning.
Pseudo-range positioning involves intersecting the ranges from the
known SV position in a manner similar to a distance — distance
intersection problem. Four SVs are required to determine three
position dimensions and time. Position dimensions are computed by
the receiver in Earth-Centered, Earth-Fixed X, Y, Z (ECEF XYZ2)
coordinates.

A pseudo-range solution will be one of two types: autonomous, or
differential. A single GPS receiver can compute an autonomous
position from ranges to four or more SV. This single receiver position
is extremely coarse. One can expect errors in the order of 100-m on a
bad day. For this reason, precise GPS measurements must be
performed using differential positioning.

Differential GPS

Differential GPS (DGPS) positioning involves subtracting a
combination of ranges measured to various satellites from two or
more receivers measuring the same satellites simultaneously. When
the signals are subtracted, the major error sources cancel each other
out. However, because you are computing a difference in ranges, the
DGPS measurement solves for a coordinate difference and not a
coordinate. To compute a coordinate using a coordinate difference,
you must first specify a starting point. In RTK survey, this starting
point is the reference position the base receiver broadcasts over the
data link. In a post processing survey, this starting point is specified
by the user in the processing software.

Differential Solutions: Types and Quality

A differential GPS solution can be calculated using either the GPS
code data, or the GPS carrier phase wave. A carrier phase solution
can be calculated from either float ambiguities or fixed ambiguities.
An explanation of these terms, and the expected precision from the
different solution types is explained below.
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Code Differential

Code differential solutions use the Coarse Acquisition (C/A)
navigation code transmitted on the GPS carrier wave. Because the
wavelength of the code segment is long (300m), code differential is the
least precise differential solution. Accuracies of 1-10 meters are
possible with DGPS using C/A code differential positioning.

Carrier Phase Differential

Highly precise coordinate differences can be measured using pseudo-
range positioning with the carrier signal wave. Because the
wavelength of the carrier wave is only 19 cm, mm-level positioning is
possible. When the signal arrives at the antenna, you can measure
the fractional part of the carrier wave. If you can then calculate the
whole number of wavelengths between the SV and the antenna (the
ambiguity), you can add it to the fractional part and multiply by the
length of one cycle to measure a precise range.

Calculating the exact number of wavelengths uses a complicated least
squares process, which is often called ambiguity resolution. The
ambiguity resolution will yield either a float or a fixed solution.

e Fixed Solution

You know the number of wavelengths will be a whole number.
Techniques are used to constrain the least squares solution to yield a
whole number. If you get an acceptable solution, you say that this
solution is fixed. A fixed solution will generate coordinate differences
precise to about 15-ppm (single frequency) or 5-ppm (dual frequency),
which translates into 15-mm or 5-mm over a 1-km base line.

Several things may prevent you from achieving a fixed solution: bad
multi-path, low number of satellites and bad constellation geometry,
poor radio link for corrections (RTK).

e Float Solution

If the constraint algorithm does not produce an acceptable fixed
solution, then the ambiguity is allowed to be a decimal (float)
number. A float solution will generate coordinate differences precise
to about 100 to 500-ppm, which translates into 0.1-m to 0.5-m over a
1-km base line.
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GPS Network Servers, NTRIP, and
VRS

Traditionally, RTK GPS was done with a base and rover receiver
setup on the survey site and using a radio data modem to get the
observations from the base to the rover for the real time solution.
Another way to do RTK GPS is to use one or more permanently
operating base stations connected to an Internet network. You then
use only a rover at the survey site, and an Internet capable modem to
connect to the IP address of the network server and get corrections
from the base.

The following section explains some of the concepts and terminology
associated with getting GPS observations to the rover from one or
more base receivers connected to the Internet.

GPS Network Servers

There are several different GPS network server software packages
available. Each one offers different types of services using different
technologies. However, the different services can be classified into one
of three general categories:

e Single Base: This type of service is most like traditional RTK.
With this type of service, GPS observations from a single base
station connected to the server software are sent to the rover. The
base station observations used are determined by what base the
user selects to connect to.

e Nearest Base: Similar to single base, with this type of service
you get GPS observations from a single base station connected to
the server software. However, the server software automatically
selects the base station observations to use to supply the rover
with data from the nearest base.

e Networked RTK: This type of service uses the information from
more than one continuously operating receiver connected to the
network to model errors in the GPS solution. Then, the base
observations sent to the rover are modified to apply the calculated
corrections. The benefit to a networked RTK service is that you
can get measurement precisions similar to short baselines even
though the distance to the nearest real base station may be quite
far. There are different proven technologies used to calculate

225



User's Manual — GPS Mode

these corrections, such as Trimble VRS. A detailed description of
these technologies is beyond the scope of this manual. Please see
the end of this manual for references to more information.

Network Transfer of RTCM via Internet Protocol
(NTRIP)

The Network Transfer of RTCM via Internet Protocol (NTRIP) is a
standard established by the Radio Technical Commission for
Maritime Services (RTCM). The NTRIP specification describes a
standard for transferring satellite observation data over the Internet
in different correction formats (RTCM, CMR...) The NTRIP
specification also describes a standardized way for logging on to a
server and selecting a specific service to use, plus establishing a
method to use passwords and user names to access the service.

In Survey Pro, the term NTRIP is used to refer only to the method of

logging onto a GPS server to select a service and possibly enter a user
name and password. It is important to note that not all network GPS

systems have an NTRIP log on procedure, even if they use NTRIP as

a means of sending data over the Internet.

Virtual Reference Station (VRS)

Virtual Reference Station (VRS) GPS is a type of Networked RTK
solution. In VRS GPS, the server software calculates corrections to
the GPS observations based on the data from multiple continuously
operating base stations in the network. Then, when the user connects
to the network, the server software calculates observations for a
single base point that is close to the rover’s location. Although this
virtual base point does not actually exist on the ground, it is still
considered close to the rover’s location, so the rover RTK engine will
calculate base lines with precisions similar to base lines to a physical
base that is located close to the rover. For more information on VRS
and other networked RTK technologies, please see the references
section.
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To represent positions in space you need two things. First, you need a
datum to define an origin, an orientation, and a scale. Second, you
need a coordinate system to specify the locations in the datum. GPS
positions are in a global geocentric datum, using latitude and
longitude angles to specify location. Most engineering and surveying
jobs require positions in a 2D Cartesian coordinate system. In order
to use GPS with most coordinate systems, you must transform the
GPS measurements into local coordinates.

This section offers a more detailed description of some theory and
terminology used to describe geodetic coordinate systems and datums
in Survey Pro.

Datums

A datum consists of three components: an origin, an orientation, and
a scale. The origin defines the start point, the orientation defines the
direction of the bearings, and the scale defines the relative magnitude
of the distance units. For example, a surveyor shows up at a new job
site, places a monument in the ground and calls it (5000, 5000, 100).
This establishes the origin of the datum. The surveyor does a sun
shot and calculates the azimuth to a reference object. Astronomic
north at this meridian establishes the orientation of the datum.
Finally, the surveyor begins measuring distances with a total station.
The EDM establishes the scale of the datum.

GPS measurements are taken in a global geocentric datum, the World
Geodetic System of 1984 (WGS84). The WGS84 datum has its origin
at the earth’s center of mass, its orientation defined by the earth'’s
spin axis and the intersection of the mean meridian of Greenwich
with the mean equatorial plane, and its scale defined by metric
standard measurement.

Geocentric datums such as WGS84 use a rotational ellipsoid to model
the shape of the earth. The WGS84 ellipsoid was based on and is
virtually identical to the Geodetic Reference System of 1980 (GRS80)
ellipsoid. The ellipsoid origin is at the earth’s center of mass. Its
minor axis corresponds with the earth’s rotation axis and its major
axis corresponds to the mean equatorial plane.
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WGS84 Geodetic v. Local Geodetic

When the coordinate system is a mapping plane in a datum other
than WGS84, positions measured in WGS84 latitude, longitude and
height, must be transformed into local latitude, longitude, and height
before they can be used to calculate northing and easting with the
specified map projection.

There are three methods of datum transformation supported by
Survey Pro.

e Molodensky Transformation: Is the most commonly used
transformation. Three parameters specify an X,Y,Z shift between
WGS84 and the local datum origin. Survey Pro uses the
Molodensky datum transformation algorithms specified in the
National Imagery and Mapping Agency Technical Report
8350.2.1,

e Similarity Transformation: The most precise method of datum
transformation. The seven-parameter similarity transformation,
also called the Helmert transformation, uses a shift of XYZ origin,
a rotation about XYZ axes, and a scale to transform from WGS84
and the local datum.

e Grid File Datum Transformation: Is used when the datum
differences are not consistent over large areas. A grid file datum
transform uses a data set of shift values. For any location, an
approximate shift can be calculated by interpolating from the
data set.

For many surveying applications, the horizontal and vertical datums
are separate. This is because GPS heights are measured on the
ellipsoid with its origin at the earth's center of mass, while elevation
is a function of local gravity field, which is influenced by the unequal
distribution of mass in the earth.

Below is a description of some common horizontal and vertical
datums used by Survey Pro.

1 http://164.214.2.59/GandG/tr8350_2.html
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Horizontal Datums

e NAD27

The North American Datum of 1927 (NAD27) horizontal datum was
established in the early part of the twentieth century to define a
horizontal coordinate system in North America. The datum originated
at a central point, Meades Ranch in Kansas. From there,
conventional triangulation and trilateration networks radiated
outward to establish new monuments in the system. The datum was
based on the Clarke 1866 ellipsoid, which was the best fitting
ellipsoid for the North American continent at the time.

Survey Pro performs a grid transformation for NAD27 in the United
States using the NADCON datum sets in *.DGF (datum grid file)
format. Several specific Molodensky datum transformations are also
available for other areas in North America.

Note: To use a grid datum, you must have the pair of *.dgf files for
latitude and longitude shift in the Geodata folder on the data
collector.

e NAD83=WGS84

Later in the twentieth century, satellite and Very Long Baseline
Interferometry (VLBI) measurements were added to the numerous
conventional measurement networks and re-adjusted to define the
North American Datum of 1983 (NAD83). NAD83 was created to
conform to the new global datum, WGS84, and uses the same
reference ellipsoid.

Survey Pro uses no datum transformation for NAD83. Therefore,
NAD83 = WGS84 in Survey Pro projection calculations.

e NAD83#ITRFWGS84(1996.0, 1997.0, ...)

Continuing improvements in GPS and VLBI technology, as well as
increased cooperation among world wide agencies, like the
International Earth Rotation Society (IERS), led to a much better
solution for the Earth’s center of mass and spin axis. The IERS'’s
solution is adopted as the International Terrestrial Reference Frame
(ITRF). Because the earth'’s center of mass and spin axis drift over
time, you will often see the WGS84 datum followed by brackets
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(1996.0). The date in the brackets indicates the epoch defining the
datum.

This is all quite confusing. Fortunately, for most RTK GPS
applications, you do not need to worry about these WGS84
differences. The significant part of the datum difference is a shift, and
you correct this when you specify the GPS base position. The other
part of the datum difference is the small rotation of the axes. These
rotations are small enough to ignore except for the most precise first-
order applications.

If your Survey Pro job requires a local datum in one epoch of WGS84
and the WGS84 datum in a different epoch, you can setup a seven-
parameter similarity transformation. For the transformation
parameters of any epoch of WGS84 and for a more detailed
description of the similarity transformation and WGS84, see NGS
Web site2.

o NADB83(1986) = NAD83(1996.0, 1999.0, ...)

In the same way that the control for the WGS84 datum is adjusted
over time, the control for the NAD83 datum is also periodically
updated. One motivation for the periodic readjustments of NAD83 is
to account for the relative velocities of points on the stable North
American tectonic plate and points on the moving Pacific tectonic
plate. Chris Pearson of the US NGS has written a good paper on the
history of NAD83 and the new US National Readjustment, completed
in February 2007 and identified as NAD83(NSRS 2007). This paper
can be found on the NGS web site.3

It is therefore important to pay attention to the epoch associated with
a NADS83 control coordinate. If you are looking at an NGS data sheet
for a number of different control monuments, make sure they are all
in the same epoch of NAD83. Similarly, if you are using an OPUS
solution and an NGS control monument on the ground, pay attention
to the epoch of the datum of each position.

The good news again is that for RTK surveys, you usually do not need
to worry about these differences. The important thing is to not mix

2 Snay, R. How CORS Positions and Velocities Were Derived.
http://www.ngs.noaa.gov/CORS/Derivation.html Appendix B.

3
http://www.ngs.noaa.gov/NationalReadjustment/Items/The%20nation
al%20readjustment.html
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apples and oranges. For example, if you set your base on a point with
a known coordinate in the NAD83(1996.0) datum, then all the rover
positions will be in the NAD83(1996.0) datum. Similarly, if you set
the base on an autonomous position, and occupy one or more NGS
control monuments all in the NAD83(1999.0) datum, then the
localization corrects your entire survey to the NAD83(1999.0) datum.

If you need to mix control coordinates from different epochs of the
NAD83 datum, such as using an OPUS solution in the
NAD83(2002.0) datum and an NGS control sheet location in the
NAD83(1999.0) datum, you must transform both coordinates into the
same epoch of the datum. This can be accomplished with the NGS
software for Horizontal Time Dependant Positioning (HTDP).
Richard Snay of the NGS has written a good paper with a description
of the theory behind how plate tectonics affects survey control, and
how the HTDP software can be used to transform locations in North
America into the same epoch of time. This paper can be found on the
NGS web site.4

o High Accuracy Reference Network (HARN)

In the United States, the bulk of the measurements used to establish
NAD83 were conventional. These measurements contain slight
systematic errors that conflict with GPS measurements, which are
more precise over long distances. To address this problem in the
U.S.A., in 1988 the National Geodetic Survey (NGS) began to update
NAD83 coordinate datums with HARN GPS surveys on a state-by-
state basis. These HARN surveys determined small (< 5_cm)
corrections to the location of A and B order control monuments across
the states.

Survey Pro performs a grid transformation for HARN networks in the
United States using the NADCON datum files in *.DGF format.

Note: To use a grid datum, you must have the pair of *.dgf files for
latitude and longitude shift in the Geodata folder on the data
collector.

e Custom Datum Transformations
Most North American and international datums are pre-programmed
into the Survey Pro coordinate system database. If you require a

4 http://www.ngs.noaa.gov/TOOLS/Htdp/Using HTDP.pdf
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datum not programmed into the database, you can use the Projection
Key-In Wizard to create a custom Molodensky or similarity datum
transformation.

Vertical Datums

GPS satellites orbit the Earth’s center of mass, while objects on the
surface of the planet are affected by the force of the local gravity field.
Although it is possible to accurately model the orbits of satellites
about the Earth’s center of mass, modeling the local gravity field is
much more difficult because of the unequal distribution of masses
within the earth.

Everyone knows that water flows downhill from a higher elevation to
a lower one. However, water will not always flow from a higher
ellipsoid height to a lower one. Ellipsoid height is simply the altitude
above the reference surface, and may not match the slope of the local
gravity field. When surveying with GPS, you need to correct for the
local gravity field to convert measured ellipsoid heights (h) into
orthometric elevations (H). This is usually done with a geoid model.

Survey Pro can use several different geoid models to convert local
ellipsoid heights into elevations in a particular vertical datum. Most
geoid models are initially based on the global equipotential surface
used in the definition of the initial WGS84 datum. Below is a
description of some vertical geoid models and datums.

e EGM9%

The National Imagery and Mapping Agency publishes the global
geopotential model EGM965. This geopotential model was used to
generate the worldwide 15-minute geoid height grid data file,
WW15mGH.grd. This file contains geoid separation values at 15-
minute intervals for the entire globe and provides a good estimate of
geoid slope corrections.

e NGVD29

The first continental height datum in the United States was the
National Geodetic Vertical Datum of 1929 (NGVD29). According to
the technology of the day, this datum was based on normal gravity,
that is, the gravity field at the instrument when it was leveled. Points
along the coast were chosen and their elevation above sea level was
determined from a network of tide gauges. Spirit level networks were

5 http://164.214.2.59/GandG/wgs-84/egm96.html
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then run across the country and closed on the opposite coast. This
datum contained a number of systematic errors including un-modeled
local gravity effects and refraction errors. Also, it was later discovered
that the “mean sea level” from the Atlantic to the Pacific Oceans was
not the same.

e NAVDS88

In an effort to address these errors, the North American Vertical
Datum of 1988 (NAVD88) was realized from a single datum point in
Rimouski, Quebec. This datum is based on actual gravity, which
provides a better representation of true orthometric elevations. The
primary consideration in the choice of this datum point was to
minimize the recompilation of national mapping products. A side
effect of this choice is that the NAVD88 datum and the theoretical
level surface used to define GRS80 do not agree. The offset between
the NAVDS88 vertical datum and the ITRF global geopotential model
is in the neighborhood of 0.27m§.

Survey Pro does not require choosing a specific vertical datum. For
RTK applications, elevations are solved relative to the base using the
vertical localization adjustment. Therefore, the vertical datum is
established by the datum of the base elevation.

Coordinate Systems

A coordinate system is a way to describe positions in a datum.
Coordinate systems range from simple Cartesian (y,x) or (N,E)
positions on a flat plane to complex geodetic latitudes and longitudes
on a reference ellipsoid.

Below is a description of some coordinate systems common in
surveying:

e Northing, Easting, Elevation

Survey projects usually use simple plane coordinates. You assume
your local datum models a flat earth, and you calculate coordinates in
a Cartesian system where the simple laws of plane trigonometry

6 Milbert D.G. Converting GPS Height into NAVD88 Elevation with
the GEOID96 Geoid Height Model
http://www.ngs.noaa.gov/PUBS _LIB/qislis96.html p. 4
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apply. When a vertical coordinate is required, most survey projects
require orthometric elevations.

e Lat, Lng, Ht

Geodetic horizontal coordinates are usually
expressed as two angles called latitude and
longitude (¢, A). Geodetic vertical coordinates
are usually expressed as the distance above the
ellipsoid called height. The angles describe a
point’s position on the surface of the reference
ellipsoid. The height describes the altitude
normal to the surface of the reference ellipsoid.

Fig. 1. Ellipsoidal Geodetic
Coordinates

e ECEFXYZ

Geodetic coordinates are sometimes given in
the Earth Centered Earth Fixed (ECEF)
Cartesian coordinate system. This coordinate
system has its origin at the Earth’s center of
mass, the primary (Z) axis is the earth’s spin
axis; the secondary (X) axis is the intersection
of the equatorial plane and the mean meridian
of Greenwich; the tertiary (Y) axis is
orthogonal in a right handed system. An ECEF
XYZ coordinate can be converted into the
corresponding lat, Ing, ht using standard
formulas.

Fig. 2: Earth Centered Earth
For many surveying applications, the Fixed Geodetic Coordinates
horizontal and vertical coordinate systems are
separate. Below are descriptions of common horizontal and vertical
coordinate systems used in surveying and mapping.
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Horizontal Coordinate Systems

Survey projects use horizontal coordinates on either a local plane or a
map projection. For small projects, you can assume a simple flat
earth plane and calculate coordinates directly with measured
distances. Use Ground - TDS Localization mode for this procedure. For
large projects, a mapping plane is used to accurately represent the
curved surface of the earth on a flat plane and conventionally
measured distances need to be scaled to the mapping plane grid.

Map Projections

A map projection uses equations to transform local latitude and
longitude into (y,x) Cartesian coordinates on a flat plane. Map
projections attempt to minimize distortions to the following
properties”:

e Conformality

A map projection is conformal when local angles are preserved.
Conformal maps are important for surveying because, for second
order surveys, angles measured on the ground are angles on the map.
Meridians (lines of longitude) and parallels (lines of latitude)
intersect at right angles and shape is preserved locally. The physical
characteristic of conformality is that the scale factor at any point on
the map is the same in all directions.

e Distance

A map projection is equidistant when it correctly plots distances from
the center of the projection to any other place on the map. Most map
projections involve some distortion of scale. Consequently, when
converting distances measured on the ground to distances on the grid,
a scale factor must be applied.

e Direction
A map projection is azimuthal when azimuths (angles from a point on
a line to another point) are correctly plotted in all directions.

7 http://www.colorado.edu/geography/gcraft/notes/gps/gps_f.html
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e Area

A map projection is equi-areal when it correctly plots areas over the
entire map. That is, all mapped areas have the same proportional
relationship to the areas on the Earth that they represent.

Common Conformal Map Projections in Surveying

e Transverse Mercator

The Transverse Mercator (TM) projection results from projecting the
ellipsoid onto a cylinder tangent to a central meridian. Scale
distortion is maximum from east to west and minimum from north to
south, so the TM projection is often used to portray areas with large
north-south extent. Distortion of scale, distance, direction and area
increase away from the central meridian.

Many national grid systems are based on the TM projection. The
Universal Transverse Mercator grid system divides the world into 60
6-degree zones. About half of the states in the U.S. use a TM
projection for their State Plane Coordinate Systems. The British
National Grid (BNG) is a TM projection with origin at 49 degrees
north latitude and 2 degrees west longitude.

e Oblique Mercator

The Oblique Mercator projection is similar to the Transverse
Mercator projection; the ellipsoid is projected onto a cylinder.
However, instead of the cylinder tangent to the ellipsoid along a
meridian, it is tangent to the ellipsoid along any great circle other
than the Equator or a meridian. This makes the Oblique Mercator
projection appropriate for regions centered along lines, which are
neither meridians nor parallels.

The Oblique Mercator projection is used for Alaska State Plane zone
1, which covers the panhandle.

e Lambert Conformal Conic

The Lambert Conformal Conic projection results from projecting a
sphere onto a cone tangent at two (or one) parallels of longitude.
Scale distortion is maximum from north to south and minimum from
east to west, so the Lambert projection is used to map areas of large
east-west extent. Distortion of scale, distance, direction and area
increase as you move away from the standard parallels.

Lambert projections are used for about half of the State Plane
Coordinate System zones in the USA.
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e Stereographic

The Stereographic projection results from projecting an ellipsoid onto
a plane. Directions are true from the center point and distortions in
scale, area and shape increase uniformly away from the central point.
The stereographic projection is azimuthal.

Because the scale is distorted somewhat uniformly in all directions,
stereographic map projections are a good representation of a
surveyor’s typical flat earth ground coordinate system. For this
reason, the stereographic map projection is used by the Ground - TDS
Localization mode algorithm to convert (lat,Ing) into local ground level
coordinates. For more information on localization, see Page 283.

Scale Factors

When converting distances on a map to distances on the ground, you
must correct for two different scale distortions. First, the effects of the
map projection distortion must be corrected with the mapping plane
scale factor. Second, the geometric effect of your height above the
reference surface (ellipsoid height) must be corrected with the
ellipsoid scale factor. Generally, these two scale factors are multiplied
together into the combined scale factor.

Mapping Plane Scale Factor

This scale factor accounts for the distortions caused by the mapping
plane equations as they fit a curved surface onto a flat plane. It is a
function of the mapping plane equations and its exact value depends
on your location on the map. Although the scale factor is computed
with differential equations of the map projection, one can visualize it
in a geometric sense. Consider the following diagrams:
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Fig. 3: Transverse Mercator Mapping Plane

A side view of the cylinder shows the effect of scale
distortion.

e Universal Transverse Mercator Projection

The scale factor at the central meridian (CM) is 0.9996. The scale
factor is 1.0 approximately 170-km east and west of the CM. The
scale factor is less than one between the CM and the point of
tangency. The scale factor is greater than one beyond the point of
tangency. Therefore, at the central meridian, a geodetic distance of
100m scales into a mapping plane distance of 99.96m.

Mapping
~  _N_~_ Plane
7 V
h Terrain
/_
Ellipsoid

Fig. 4. Localization Stereographic Mapping Plane

A side view of the ellipsoid and stereographic mapping
plane show the scale calculated for ground distances at
the base heiaht.

e TDSLocalization Stereographic Projection

The scale factor at the start location (usually the first GPS base
station in a project) is calculated for ground distances at the base
height. The scale factor increases more or less uniformly in all
directions as you move away from the base. The scale factor does not
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change appreciable within the range of RTK GPS, so this map
projection is an excellent way to model simple flat earth ground level
coordinate systems.

Ellipsoid Scale Factor

This scale factor accounts for the height of the ground above the
reference surface (the ellipsoid). This scale factor is defined
geometrically: Consider the following diagram:

Distance on
Ground

\

Ellipsoid
Height, h

Radius of
Ellipsoid, R

\

Fig. 5: Ellipsoid Scale Factor
The effect of height above the ellipsoid on scale.

Distance on

Ellipsoid R+h

distground/(R+h) = disteiip/R
distelip/diStgrouna = R/(R+h)
Kelip = R/ (R+h)

Combined Scale Factor

Generally, the two scale factors are multiplied together into a
combined scale factor. The combined scale factor is then applied to
grid distances to get ground distances:

Ker = kelip * kmap

diStgrid = diStground * Ker
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Vertical Coordinate Systems

GPS measurements provide ellipsoid heights. Most survey projects
require orthometric elevations. To convert heights into elevations,
you need to correct for the difference between the surface of the
reference ellipsoid and the level surface representing the gravity
field.

The procedure to convert heights (h) to elevations (H) involves the use
of a geoid model. The geoid is a theoretical surface that approximates
mean sea level. If one knows the separation between the reference
ellipsoid and the geoid, called the geoid undulation (N), then one can
determine orthometric elevations from ellipsoidal heights.

Terrain

Geoid -7~

Ellipsoid S = o- .

Fig. 6: TheHeight Equation

Geoid Models in TDS Software

Survey Pro has several geoid models in the coordinate system
database. All of the geoid models use data files in geoid grid file
(*.GGF) format.

Note: To use a geoid model, geoid data files (*.GGF) must be in the
Geodata folder on the data collector.

e Inthe U.S.A,, Mexico, and the Caribbean you can use the NGS
Geoid96 or the NGS Geoid99 models. This coverage includes the
continental United States, Alaska, Hawaii, Mexico, and the
Caribbean.

e In the continental USA you can use the new NGS Geoid03 model.
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e In Canada you can use the Geodetic Survey Division HT 2.0
model, or the older GSD95, HT1_01, and HT97 models.

e For any location world wide, you can use the NIMA 15-minute
geoid height grid data file, WW15mGH.*. This file covers the
entire globe on a 15’ x 15’ grid.

In Australia you can use the AUSGEOID98 geoid model.

Note: To use any of these geoids with Survey Pro, you need files in
Trimble .ggf format. For the US, Canadian, and EGM geoid models,
you can convert the files from their original format into .ggf format
using the Geoid File Convert and Sub Grid function in ForeSight
DXM. The Australian AUSGEOID98 model is not supported in this
function, so this data is available in six overlapping sub grid files
already in .ggf format. All of the source files are included on the TDS
Works CD in the \Geodata directory. Also, you can download data
from the TDS Web site on the GPS page.
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GPS Coordinates In
Survey Pro

GPS positions are measured in a 3D coordinate system, which models
the earth using an ellipsoidal shape. The horizontal position is
usually given as two angles, relative to the ellipsoid axes, called
latitude and longitude. The vertical position is usually given as a
linear distance, perpendicular to the ellipsoid, called height. Most
survey projects use horizontal coordinates on a plane which
approximates a small piece of the ground assuming a ‘flat earth’. The
horizontal position is usually given as two linear distances, called
northing and easting. The vertical position is usually given as a
linear distance, describing the direction water will flow down hill,
called elevation. The usual method to convert latitude, longitude and
height to northing and easting is to use a map projection. The usual
method to convert height to elevation is to use a geoid model. This
section describes different ways to manipulate geodetic coordinates
with both Survey Pro and ForeSight DXM and the methods Survey
Pro uses to calculate local coordinates from GPS measurements. In
this section, you will learn:

» A description of the horizontal and vertical projection modes
used by Survey Pro to transform geodetic position into local
coordinates.

» A description of the coordinate system database used by
Survey Pro.

» How to use the Survey Pro Edit Points screen to edit plane
and geodetic locations, and geodetic flags.

» How to use the Survey Pro Import menu to import
coordinates and coordinate systems, and how to merge GPS
coordinates from a *.GPS file.

» How to use ForeSight DXM (DXM) and Trimble Geomatics
Office (TGO) to manage job files with geodetic coordinates
from GPS measurements and coordinate system definitions.
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Projection Mode

Survey Pro has two different modes for calculating local northing and
easting from GPS measurements: Ground — TDS Localization, and
Mapping Plane.

In Ground - TDS Localization mode, there is no map projection and no
datum to transform geodetic to local coordinates. In this case, a
default map projection is created with the first RTK base setup. Then,
a localization adjustment is solved (Page 282). The localization
adjustment is a 2D similarity transformation that shifts, scales, and
rotates the default map projection’s locations (y,x) into your local
coordinates (N,E). In Ground - TDS Localization mode, when you
measure a distance with an EDM, the distance measured on the
ground is 1:1 with the distance on the local coordinate grid.

In Mapping Plane mode, there is a specified conformal map projection
and geodetic datum to transform geodetic to local coordinates. In this
case, you select the coordinate system from the database file (Page
250). This mapping plane and datum is used to calculate northing
and easting from latitude, longitude and height. If you set your RTK
base on a point with known coordinates, then no additional steps are
required to solve the coordinate system. If you set your RTK base on
an unknown point, then you can solve a localization adjustment to
correct the positions to the proper local coordinates (Page 282). In
Mapping Plane mode, when you measure a distance with an EDM, the
distance measured on the ground is not usually 1:1 with the distance
on the mapping plane grid. In this case, you must usually use a
combined scale factor (Page 237).

In either horizontal projection mode, you can use one of three
methods to calculate vertical coordinates: You can use a geoid model,
with or without a vertical localization, to transform ellipsoid heights
into local elevations. You can use a vertical localization to transform
ellipsoid heights into local elevations. You can use no vertical
adjustment and use the ellipsoid height differences directly for your
local vertical coordinates.
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Projection Mode Summary

Horizontal Projection Modes

Ground - TDS Localization

Local coordinates are at ground level, based on the project height.

Distances shot with EDM are at ground scale, so are 1:1 with
coordinates solved by the projection.

Default map projection and datum are automatically initialized with
RTK base setup.

Mapping Plane
Local coordinates are on a conformal map projection grid.

Distances shot with EDM are usually scaled by the combined scale
factor to distances on the map projection grid.

User selects map projection zone.

Vertical Projection Modes
Localization (+Geoid)

e Vertical coordinate is orthometric elevation.

User must solve transformation from ellipsoid heights to elevations.
This is done with localization on control points, or using a geoid
model, or a combination of both.

Ellipsoid Heights
e Vertical coordinate is ellipsoid height.

Ellipsoid Heights mode requires no transformation setup. Use this
mode when vertical coordinates do not need to be elevations.

Coordinate System Set or Solved

There can be multiple steps required before your coordinate system is
ready to transform geodetic positions into local coordinates. The
status of your coordinate system may be in one of three states: un-
initialized, set, or solved.
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A coordinate system is un-initialized when you have no zone record
set. In Ground — TDS Localization mode, this means that you have not
yet configured the first RTK base position in Survey Pro. In Mapping
Plane mode, this means you have not yet selected a zone record from
the coordinate system database.

A coordinate system is set when there is a zone record set. In Ground
- TDS Localization mode, a default mapping plane zone is set when
you configure your first base reference position for the job. In Mapping
Plane mode, you select a zone from the coordinate system database.

A coordinate system is solved when it is ready to correctly transform
GPS positions measured at the rover into your local coordinates. In
Ground — TDS Localization mode, this is the case after you have solved
the horizontal localization adjustment. In Mapping Plane mode, there
are two cases. When you start a survey from a known base position,
then the rover is already calculating accurate positions, and the
coordinate system is set and solved. When you start a survey from a
new autonomous base position, you must solve a horizontal
adjustment from control points before you are ready to collect data.

Coordinate Systems of Network RTK Servers

Setting and solving the coordinate system in Survey Pro when using
a network GPS server is not much different than using traditional
base and rover RTK. You should keep the following guidelines in
mind:

e If your horizontal projection mode is set to Ground — TDS
Localization, then your coordinate system is not referenced to a
geodetic datum. When you do your first remote rover setup, we
will set the default mapping plane. At this point your coordinate
system is set. You then need to complete a localization with two
or more control points. After this point, your localization is solved.
When you do subsequent setups from this network GPS server,
the base reference position should be accurate with respect to
other base reference positions in the network, so you may
continue to survey with the coordinate system you solved
initially.

e If your horizontal projection mode is set to Mapping Plane, then
your coordinate system is referenced to a geodetic datum. When
you set the mapping plane coordinate system, we have all the
parameters we need to transform from the network GPS
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coordinates to your mapping plane coordinates. Therefore, a
localization is not required in this case.

e If your job already contains geodetic coordinates which were
measured from an autonomous setup, and you are continuing the
survey using coordinates from the network GPS, you will need to
re-solve the localization to get results in the proper local system.
This is the case for both Ground — TDS Localization and Mapping
Plane horizontal projection mode.

e If your job already contains geodetic coordinates which were
measured from an initial accurate base setup, then you can
continue to survey using the network GPS coordinates. This is
only the case when the initial accurate base setup and the
network GPS coordinates are in a consistent coordinate system.
The network GPS server operator should be able to tell you what
coordinate system and datum the network coordinates are
surveyed in.

Note: The guidelines above assume that all of the receivers in the
network GPS have coordinates that are accurate with respect to each
other. This is usually the case, especially for any networks that
support VRS or some other networked RTK service. However, it is
possible that the base stations in a network have not been accurately
tied to each other. In this case, the geodetic coordinates from one base
may not match the geodetic coordinates from another base. The
network GPS server operator should be able to specify the accuracy of
the different stations with respect to each other.
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Projection Mode Configuration

r
‘e

H i | Projeck
rMapping Plane
Map Projection Zone Selected.

Localization Solved

Us State Plane 1983
Oregon North 3601

Use local ellipsoid heights for
elevation.

Ground distances at h =
vertical Localization

251 ift.

Show Details ... |

|Sh|:|w Details | | Select Zone ... |

Reset Origin ...

| Mapping Plane Ground ... |

Solve Localization... |

[ Localization

Switch to uzing Ground - TDS
Localization rmode,

Switch to using a mapping plane from
the coordinate system database.

| Switch to TDS Localization ... |

| Switch to Mapping Plane ... |

d

e ¢ e ¢

Mapping Plane Mode TDS Localization

Mode

The projection mode can be configured or changed from the Survey >

Projection screen, which will look different depending on th
projection mode.

Tapping [Show Details| will open the Projection Details

screen that lists the details of the current projection.

Mapping Plane Mode
Tapping opens the Select Coordinate System

e current

Region:

screen to select either a mapping plane zone or a
localized site from the coordinate system database file
(Page 251).

Tapping Mapping Plane Ground| opens the Ground
Coordinates screen. This screen helps you use ground
level scaled coordinates when the underlying coordinate
system is a conformal mapping plane zone selected from
the database (Page 254).

Tapping opens the Solve Localization routine.

TDS Localization ZoneGroup
Site:

Site 1 TDS
Projection Pararneters:

Resuilt Yalle |-
= Horizontal Adiustrnent: =|
Origir Marth: 228,077
Origin East: 328,085
Shift Maorth; -323,074
Shift East: -323,084
Rotation: -97°30'3H
Scale: 0.15425/ 7

[ n I 3

| Save System to Database |
Q7
This

y

routine is described on Page 282 for when running the GPS module

and on Page 349 for when running the Basic GPS module.
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Tapping |Switch to TDS Localizati0n| will switch from Mapping Plane
mode to TDS Localization mode.

TDS Localization Mode
Tapping will open the screen to manually key in the

parameters for the default map projection zone used in the
localization adjustment as described on Page 249.

Tapping | Solve Localization |WiII open the Solve Localization routine.
This routine is described on Page 282 for when running the GPS
module and on Page 349 for when running the Basic GPS module.

Tapping |Switch to Mapping Plane| will switch from TDS Localization
mode to Mapping Plane mode.

Localization Default Zone

When your horizontal projection mode is Ground — TDS Localization,
there is usually no need for you to setup the map projection zone
used. Survey Pro will initialize a default map projection, scaled for
ground distances, when you set the first RTK base in the survey.

You can reset this default zone in two ways. First, you can key in
parameters by hand, or you can select a Ground — TDS Localization
coordinate system from the database. The Localization Set Zone
screen can be used to modify the default map projection zone used.
You may wish to do this when your base is more than 100 m higher or
lower than the survey area in order to have the correct ground scale
factor used. The Select Coordinate System screen can be used to
select a zone or site record from the TDS Localization region
collection in the coordinate system database.

Localization Reset Origin

The Localization Set Zone screen is used to manually key in the
parameters for the default map projection zone used in the
localization adjustment. You can also open the Select Coordinate
System screen where you can choose a record from the coordinate
system database file.
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1. Go to Survey > Projection > Set Zone to open the
Localization Set Zone screen.

Far) . T,
{7 J vl
.j:j Localization Se a o E 12:44

Site Marne:
2. Enter the Setup Group for the zone. The setup group vegas Ground
is used to associate this zone with the autonomous St Grod: [1107165143 |
base setup. The setup group should usually be the Crigin Latifude:

|36.072189992 |
Origin Longitude;

same as the current RTK base.

3. Enter the Origin Latitude and Origin Longitude for the |-115.101980545 |
zone. The origin coordinate is usually at the same ¥ Crigin Height
location as the RTK base. [619.043868 m |
4. Enter the Origin Height for the zone. The origin [ SameasBase |

heig_ht is use_d to calculate the zgne’s scale factor to [ Use Geoid : [CARIBS7 (Carbbean) ~]
configure this zone for ground distances.
Alternatively, you can toggle this control and enter =
the Origin Scale directly. @ 7 ¢ =

Jick from Datahasel | Reset Projection |

5. Check the Use Geoid checkbox if you want to use a geoid model
with this zone and then select a geoid model from the dropdown
list to use with the coordinate system. When this box is
unchecked, no geoid will be used with the coordinate system.

Note: If you have an RTK base configured in Survey Pro, and if you
wish to set up this localization zone to match the setup group and

location of that base, tap to fill in all the parameters on

this screen.

Localization Select Zone

You can store and select any coordinate system in the database file
using |Save System to Database| on the Projection Show Details screen.
Coordinate systems stored in Ground — TDS Localization mode are put
in a special region called TDS Localization region. To select Ground —
TDS Localization coordinate systems from the database, open the
Select Coordinate System screen from the Localization Set Zone
screen. The procedure for selecting a coordinate system is the same
as the Mapping Plane mode case, which is described below.
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Mapping Plane Select Zone

Use the Select Coordinate System screen to select either a mapping
plane zone or a localized site from the coordinate system database
file. This screen is also used to open the Key In Zone wizard where
you can key in the parameters of a custom map projection and datum.

1. Open the Select Coordinate System screen. This

Zfl|Select coardina @ & << 7:22 may be done automatically by the Start GPS
%tﬁ';;*;;ne Survey wizard, or when you tap [Select Zone...[ on
= Select Database... . . "
(") Use Site the Horizontal card of the Projection screen when

in mapping plane mode.

Region : [TDS Localization Zanedrour = |

2. Select the type of database record you wish to

zone :  [TDS_GRIG51_1107165143 7] choose in the Data Base box. To pick a map
projection zone from the database, tap Select
Database Zone. To pick a localized map projection
site from the database, tap Select Database Site.

Lse Genid : |EGM96 {Gobal) v|
3. Ifyou are picking a map projection zone, select
the Zone Group from the drop down list.
| 4. Select the Zone or Site from the drop down list.
e 7 2]

5. If you have selected a zone with a datum, the
datum name will be displayed. If you have selected a zone
without an attached datum, such as the database UTM zones,
you must select a Datum from the drop down list.

6. |If there is a default geoid attached to the zone or site, Use
Geoid is checked and the geoid model is selected in the drop
down list. You can choose to use this geoid, or you can change
the geoid model used by this zone or site.

7. Tap to set the selected zone or site and the selected
geoid (if Use Geoid is checked) as the current coordinate
system.

Note: If you change the geoid model used by a site record, and if that
site record has a vertical adjustment solved, then you will be
prompted that the vertical adjustment parameters will be cleared.
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Use the |De|ete Zone / Site| button to delete zones or sites from
the database. You can only delete user created sites, you
cannot delete the original 'system' records in the database.

Use the button to open the Key In Zone screen

where you can configure a custom map projection and datum.

Key In Zone

Use the Key In Zone screen to create a custom map projection and a
custom datum transformation to add to the coordinate system
database file. You can then select this zone as the coordinate system
to use in your job.

1. Pick the Zone Type for the new map projection zone. Supported
zone types are:

Transverse Mercator

Lambert 1 parallel

Lambert 2 parallel

Stereographic (oblique and polar)

Obligue Mercator Angle

2. Pick the Datum Type for the new map projection zone. Choices for
datum are:

Pick from Data Base. Select this choice to use a datum from
the coordinate system database.

Custom Molodensky. Select this choice to enter a custom
three-parameter datum transformation.

Custom Similarity. Select this choice to enter a custom seven-
parameter datum transformation.

3. Select the Azimuth type for the new map projection zone. Choices
are:
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North Azimuth. Select this choice to have a north azimuth grid.

South Azimuth. This choice to have a south azimuth grid.
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Select the Grid direction for positive coordinates in the new map
projection zone. Choices for grid direction are:

e North\East Grid. Select this choice to have coordinates increase
positive in the north and east directions.

e South\West Grid. Select this choice to have coordinates
increase positive in the south and west directions.

Note: The geodetic calculation engine and the Survey Pro coordinate
geometry engine are separate components. While the geodetic engine
can properly handle southwest grid systems, Survey Pro can only
operate on a northeast grid system. However, since a southwest grid
with a south azimuth is a mirror image of a northeast grid with a
north azimuth, Survey Pro can handle this configuration with the
following work around: You must set the Azimuth Type to North
Azimuth on the Units card of the Job, Settings screen. You then treat
north as south and east as west, and the coordinates will be correct
for a southwest grid and south azimuth zone.

10.

Tap to enter the zone parameters for the new map
projection.

Key in the five or six parameters for your new map projection
zone.

If your zone is Oblique Mercator Angle, the next screen is used to
pick the Origin and Azimuth values.

Tap to select the datum. The screen that opens will depend
on the datum type you specified on the first screen.

If you selected Pick from Data Base, pick the database Datum from
the list. If you selected either Custom Molodensky or Custom
Similarity, then select an ellipse for the new datum. You can select
Ellipse from Data Base to use an ellipsoid record from the
database, or you can select Key In Ellipse to input parameters for
a custom ellipse.

Tap to open the next screen. If you are using a database
datum, the next screen displays the parameters for the new map
projection zone and you can the record.
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11. If you are using a custom datum, enter the datum translations
from WGS84 to Local.

Note: Note the sign of the datum shift and rotation parameters.
Survey Pro requires you enter the datum transformation parameters
in the direction of WGS84 to Local. If your datum parameters are
given as local datum to WGS84, you will need to invert the conversion
parameters before entering into Survey Pro.

12. Tap . If you are using a Custom Molodensky datum, the next
screen will be the final screen where you can the record.

13. If you are using a Custom Similarity datum, enter the rotation
from WGSB84 to the local datum. Also enter the scale, in parts per
million from WGS84 to the local datum.

14. Tap to open the final screen where you can review the
parameters for the new map projection zone and where you can
Store| the record to save it in the coordinate system database file.

Mapping Ground Coordinates

Ground Coordinates in mapping plane mode is a mechanism to use
ground level scaled coordinates when the underlying coordinate
system is a conformal mapping plane zone selected from the
database. This function is useful if you must work with a specified
map projection zone, but you wish to work with distances in a ground
scale.

You can switch to Ground Coordinates using any Mapping Plane mode
zone or localized site. You can not use Ground Coordinates when the
horizontal projection mode is Ground — TDS Localization. In this case,
the default map projection is already configured to produce ground
scale coordinates.

The following section describes how to setup Ground Coordinates.
This section explains the Ground Coordinate parameters, how to
switch between grid and ground coordinates in the job file, and how to
set the conventional survey scale factor to properly reduce EDM
distances when in either mode.
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Switching from Grid to Ground

1. Any time a Mapping Plane mode zone or localized site record is
selected, go to the Survey > Projection screen and tap
|Setup Ground Coordinates...|.

2. In the Projection Definition box, select Use Ground
Coordinates.

L.ﬁ?."j" Ground Coordinates  &F =x @
rProjection Definition

) Use Grid Cooreinates 3. Select the Ground Coordinate Origin; this is the point
@ Use Ground Coordinates around which the scale factor will be applied. The
rGround Coordinates Origin ————— recommended procedure is to select or key in a

Crrigin at i | igi B . R
D Qrigin 3t mapping plane orign project location close to the survey area. It is most

(O Bick point: o define crigi important that the origin be close to the height of

+oectront: B[ ¥ the survey area for proper ground scale. You can

(@) Key in coordinates to define origin also choose to apply the ground scale factor at the
map projection origin with any height scale factor
you wish.

4. Tap . If you are using a keyed in origin point,
enter the coordinate of the origin and tap .

Q 7 ° =|-

5. The next page will display the local geodetic

£ |Ground Coordinates &2 4x QD coordinate of the origin Reference Point and the

rReference Point Location (Local) —

: . ; Ground Scale factor calculated for that point. The
Latitude: - 44733706.58983" N scale factor is the inverse of the combined scale
Longitude: - 12371555.56400° W factor for the selected map projection zone at the
Height: 180,594 origin reference height, and it is automatically

-Scale Factor calculated based on your reference position. If you
[ override scale calculated from wish to use a different scale factor, tap Override scale
location calculated from location and enter your value in the
Ground Scale: |1.DDDD5548 | Ground Scale Box. Tap .
| < Back || Next > |
Q 7 =8
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6. Enter the Desired Local Ground Coordinate. This will
be the local plane coordinate of the origin Reference
Point. It is recommended that you use a recognizably
different coordinate range to distinguish the values
from the grid coordinates. For example, a UTM
coordinate of (4,997,000, 356,000) could become
(5000,5000). The local coordinate you enter here is
subtracted from the scaled grid coordinate of your
reference point to get the Ground Offsets. Tap

Next>].

7. Review the Ground Coordinate parameters:
Reference Point Location, Ground Offsets, and Ground
Scale. When you are satisfied with the setup, tap
Finish|.

8. If your projection record is a map projection zone, the

.fwj Ground Coordinates 7 #x Cv-)
rReference Point Location {Grid) —
Morth: 335,045,618

East: 7,481,347.007

rDesired Local Ground Coordinate —
North: [S000.0 ft |

East:  [5000.0 ft |
| < Back || Mext = |
0 7 =8

ground coordinate parameters will be added to the zone record to
create a zone based site. If you are already using a site record, the
parameters will simply be applied. In both cases, the Adjust with

Projection wizard will open with the Results screen to show the
updated job file points. Tap to update the coordinate

system and job file points.

Note: If your projection is a zone based site, then the
localization parameters will automatically be converted
into the corresponding ground coordinate values. You do
not have to resolve the localization.

9. If the conventional Survey Scale factor is not set to
1.0, you will be prompted to set it to 1.0. Using
Ground Coordinates, EDM distances correspond 1:1
to grid distances.

Switching from Ground to Grid
1. When Ground Coordinates are set, go to the Survey

> Projection screen and tap [Setup Ground

2. In the Projection Definition box, select Use Grid
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-Reference Point Location (Local) —
Lat.: 44°33'06.58083" M

Long.: 123°15'55.56400" W

Height: 180,594

rGround Offsets
Narth: [ze004s617606 /|

[7476347 008508 ft |

East:

rScale
Ground Scale:

[1.00005648 |

| < Back || finish |

Q@ 2 |-
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Coordinates.

3. Tap to switch back to the mapping plane grid coordinate
system, and open the Adjust with Projection wizard at the Results
screen. Tap to set the coordinate system and update the job
file points.

Note: If your projection is a zone based site, then the localization
parameters will automatically be converted back to the map
projection values. You do not have to resolve the localization.

4. Switching back to mapping plane grid coordinates, the
conventional Survey Scale Factor is usually set to 1.0. You will be
prompted to update the scale to the correct value to reduce EDM
measured distances to the mapping plane.

Coordinate System Database

Survey Pro uses a Coordinate System Database file (*.CSD) to store
the map projection and datum transformation parameters for many
different coordinate systems around the world. Also, horizontal and
vertical localization adjustments can be stored as site records in the
database. Below is a list of the terminology used to describe the
different records in the coordinate system database.

e Zone: Is the basic record type. A zone record specifies the
type of map projection and its parameters. Usually there is a
datum, ellipsoid, and geoid record from the database already
attached to the zone.

e Site: Is azone record with a horizontal and/or vertical
localization adjustment added. Localizations are usually used
to correct GPS positions starting from an autonomous base.
They can be computed from control points or from manual
input of parameters. Coordinate systems with Ground
Coordinates set are also site records. A Ground Coordinates
site record may or may not have a horizontal and/or vertical
localization adjustment.

e Zone Group: Is a collection of zone and/or site records used
to keep the database organized and user selection easier.
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e Datum: Is a type of datum transformation and its
parameters. There is always an ellipsoid record from the
database already attached to the datum.

e Ellipsoid: Are the two parameters specifying the ellipsoid of
the datum.

e Geoid: Is ageoid model and its associated data file.

Managing GPS Coordinates in
Survey Pro

Survey Pro for Windows CE uses a binary file with the extension
*.job. A .JOB file point record will contain a point name, plane
location (N, E, Z), and a description. It may also contain geodetic
coordinates for points calculated, imported, or measured with GPS, as
well as poly lines, alignments, layers, attributes, base maps, and
automatic line work structures.

Edit Points

You can edit all of a point’s values using the Edit Points screen from
the Job menu. This is described in more detail in the User’'s and
Reference Manual. Below are some special instructions for editing
geodetic coordinates.

1. Select the point you want to edit and tap , or double tap the
point in the list to open the edit screens.

2. The three cards of the Edit Point screen display the current
properties and the plane and geodetic locations of the selected
point.

3. On the Geodetic card, you can tap to open the Edit GPS
Point Flags screen. This screen allows you to edit the flags

associated with GPS points:

e Set up group: This flag identifies groups of points collected
from the same autonomous base setup. For more information
on set up groups, see Page 288.

258



GPS Coordinates

e GPS Control Point H/V: These flags identify points to be
included in the localization control point list and whether to
use those points for the horizontal and/or vertical solution.
For more information on set up groups, see Page 288.

4. If you change either the plane or geodetic location, and the point
has geodetic coordinates, will be warned of the possible
consequences, and, depending on your projection settings,
prompted to rectify the plane and geodetic coordinate before
accepting.

Import

You can use File > Import or File > Import Control to add point, line,
and coordinate system values from a number of input file types. This
section describes importing geodetic coordinates and coordinate
systems into the job file.

Import Job (Control)

You can use the Import or Import Control screens and set the Type to
Job Files to add points to your job from another job file. Points from
the imported job will be copied into your current job file. The
imported job file can also be used to set the coordinate system of the
current job file:

e If the imported job has a coordinate system set and your current
job does not, you will be prompted if you want to set the
coordinate system from the imported job file.

e If the imported job and the current job have different coordinate
systems set, then you will be prompted that they are different;
you can cancel the import or import the points but keep the
current job projection.

Import ASCII File

You can use the Import screen and set the Type to Text Files to add
points to your job from an ASCII text file. The ASCII Import Wizard
allows you to import Plane, Geodetic (DMS), and Geodetic (decimal)
coordinates. When you import Geodetic (DMS) and Geodetic (decimal)
coordinates Survey Pro will use the following rules to set the plane
location:
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e If you have a valid coordinate system solved Survey Pro will
calculate the plane location for each geodetic point imported.
Survey Pro will set the northing, easting, and elevation for any
points that could be transformed without error.

e If you do not yet have a valid coordinate system solved, Survey
Pro will set the plane location to (0.0, 0.0, 0.0). You would then
have to use the Adjust with Projection wizard in some manner to
rectify the geodetic to plane coordinates.

Import .GPS File

You can use the Import screen and set the Type to GPS File to merge
geodetic coordinates from a .GPS file generated using Survey Pro
DOS.

1. Open the job with the project’s plane coordinates. You can open
the *.CRS5 file directly and it will be converted into a .job file or
you can open a new .job file and import the CR5 coordinates.

2. Go to Job > Import. For file Type, select, (*.GPS) and pick the
*.GPS file associated with the plane coordinates.

3. Specify the units of the *.GPS file (for the heights) and tap OK.

4. The GPS coordinates and control point flags for each point in the
*.GPS file will be merged with the plane coordinates for the
corresponding points.

5. If you have more than one *.GPS file associated with a set of
coordinates, you can import them one at a time. The coordinates
from each .GPS file will be assigned a unique set up group so you
can use them for different localization solutions.

Note: If duplicate points are found, you will be prompted to
overwrite or rename. If you choose to rename, a new point is created
with the original plane coordinate and the new geodetic coordinate.
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ForeSight DXM, SPSO, TGO,
and TTC

There are a number of software applications that will work with
Survey Pro .job and .raw files containing geodetic coordinates and
GPS measurement vectors. This section contains a brief description of
the work flow for downloading field work and uploading coordinates
using one of the software applications designed specifically for TDS
GPS raw data:

e ForeSight DXM (DXM)
e Spectra Precision Survey Office (SPSO)

e Trimble Geomatics Office (TGO) or Trimble Total Control
(TTC).

ForeSight DXM

Using DXM, you can download Survey Pro job and raw files, open job
files or regenerate job files from RAW data. You can use the DXM
Manage Data function to move data, including coordinate system
definitions, between DXM projects and Survey Pro jobs.

Using DXM, you can create new Survey Pro job files from other job
files or from the project, and upload them to the data collector. Jobs
created from a job or project that has a coordinate system will have
the same coordinate system. Points with geodetic coordinates will
have geodetic coordinates in the uploaded job.

Spectra Precision Survey Office

Using SPSO, you can download Survey Pro raw and job files from
your data collector and import them into a SPSO project. You can
have SPSO download and automatically import any *.RAW or *.job
files directly from the data collector into your project, or you can
download them onto your PC using ActiveSync and import them from
a location on disk.

The SPSO download and import process defaults to download and
import the .RAW file. When you import the .RAW file, the
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coordinate system, user entered points, and all of the observation
vectors taken in the survey will be imported into the project. The
coordinates for measured points will then be calculated in your SPSO
project from the measurement data. You can also import a .job file
into the project. When you import a .job file you will get only the
coordinate system and the point coordinates; you will not get the
measurement vectors from the .job file.

SPSO export will create a .job file of selected project points including
any defined coordinate system. You can export this file to a location
on disk and move it to the appropriate data collector manually, or you
can export and upload to the data collector in one step directly from
SPSO.

Note: SPSO will only import GPS measurement vectors from Survey
Pro .RAW files that were collected with an EPOCH25 GPS receiver or
with a Trimble GPS receiver when the Trimble System Extension
module was authorized in Survey Pro at the time of data collection.

TGO /TTC

Using TGO or TTC, you can download Survey Pro job and raw files to
your hard drive, convert them into Trimble DC files, and import them
into a TGO or TTC project. For both TGO and TTC, the download is
done with a common Trimble component called ‘Data Transfer'. Once
downloaded, the file is automatically converted into the Trimble DC
format and imported into the TGO/TTC project. You can also convert
and import a file already on disk using the Import function.

TGO / TTC download and import requires you to choose the .job or
.raw file separately. For most purposes, you will just need to import
the .raw file. When you import the raw file, the converted DC file
contains the coordinate system, the points, and all of the measured
vectors from those points. When you import the .job file, the
converted DC file contains just the coordinate system and the plane
location of the points.

TGO export and upload will create a job file and send it to the data
collector. The job file will contain the coordinate system definition
and plane location of any selected points. The geodetic location of any

262



GPS Coordinates

GPS measured points is not uploaded to the data collector from TGO
or TTC. However, this is not a problem since the coordinate system
definition is uploaded, and this will define the transformation from
plane to geodetic.

Note: TGO will only import GPS measurement vectors from Survey
Pro .RAW files that were collected with an EPOCH25 GPS receiver or
with a Trimble GPS receiver when the Trimble System Extension
module was authorized in Survey Pro at the time of data collection.
TTC will import GPS measurement vectors from any Survey Pro
.RAW file, regardless of the type of GPS receiver used to do the data
collection or the modules authorized in Survey Pro at the time of
collection.

263






GPS Module

Survey Pro can be sold with either the standard GPS module or the
Basic GPS module. This section outlines the procedures for using
Survey Pro with the GPS module. If using the Basic GPS module,
refer to Page 329.

The GPS module allows you to control a GPS receiver for both real
time and post processing data collection. This section describes how to
start a GPS survey and how to use GPS data collection and stake out.
In this section, you will learn:

>
>

How to create a profile and manage GPS settings.

How to start an RTK survey, or an RTK simultaneous with
post processing survey.

How to select a projection mode to convert geodetic positions
(latitude, longitude, height) to your local coordinates
(Northing, Easting, Elevation).

How to set up the RTK base receiver and configure the base
reference position.

How to set up the RTK rover receiver.

How to solve a horizontal and vertical localization coordinate
system adjustment, and when a coordinate system
adjustment is required.

How to switch between grid and ground coordinates when
surveying on a selected mapping plane.

How to collect data with GPS.
How to stake out with GPS.

How to use the Adjust with Projection wizard to update the
job file points when the coordinate system changes.

How to use the Adjust with Projection wizard to adjust
selected points from one coordinate system to another.

How to use the Projection Calculator to calculate convergence
and/or scale factors for a selected mapping plane zone.

265



User's Manual — GPS Mode

Receiver Settings

Using either RTK or post processing data collection is controlled by
the type of receiver you choose to connect to. The Job > Settings >
Receiver screen is used to manage receiver profiles for RTK and post
processing receivers. You must create a receiver profile for each
different brand and model you want to use as an RTK base, RTK
rover, RTK NTRIP rover, or post processing only receiver.

& 42 10:39 l.ﬁ'j" Receiver Setup 4 4% 10:41
Name [ port | Brand Name: |Trimble 5800 |
Trimble 5700  COM1 Trimble —
@ Trimble 5800  Bluetooth  Trimble Brand: [Trim |
Demo Mode Model: [Trimble 5800 -
M I I» Data Collector Port:
Receiver Create New Baud Rate:
Settings... Receiver...
[ Activate Selected Receiver | Parity:
[ pelete || mport... | [ Export... ] [ Defaults || Autodetect |
. — |§et Rx. Comms| | Bx settings... |
Receiver | Meas. Mode | Projection [[ 4] ¥ ]
0 7 - = Q@ 0 °? |-
Receiver Settings Receiver Setup
1. Go to the Job > Settings > Receiver and tap |Receiver Settings| to

open the Receiver Setup screen. Alternatively, you can tap Create|
|Receiver| or |Receiver Settings| when prompted to connect to a
receiver during Start GPS Survey (Page 273).

Enter a Name for this receiver profile, choose the Brand and
Model, and select the communication settings.

Tap [Rx Settings| to connect to the receiver and open the Receiver
Settings screen where you can configure the specific properties of

the receiver profile using up to three cards.

When you are done configuring the receiver settings as described
below, tap @ to close the Rx Settings screen, and again to
create or update the receiver profile.
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This receiver profile is now ready to use in a GPS survey. You should
now set the RTK and/or post processing settings on the Measure
Mode, Projection, and Post Processing cards of the Job > Settings
screen, see page 269.

Receiver Settings — Receiver Mode

1. Select a receiver mode for this profile. You can choose
from:

‘.ﬁrj" Rx Settings

B & 4820

Brand: Trimble

Model: Trimble 5800
Receiver Mode:

RTK Base A

RTK Correction Format:

IJser CMR. Station
Index:

Elevation Cutoff: degrees

Receiver |Data Maodemn l General ]

90 ¢ =R

RTK Base: Select this mode to use the receiver
as an RTK base. To configure an RTK base, you
must set the RTK Correction Format on this card,
and you must setup the data link parameters on
the Data Modem card.

RTK Rover: Select this mode to use the receiver
as an RTK rover where the base corrections are
supplied directly to the rover over the data link.
To configure an RTK rover, you must set the
RTK Correction Format on this card, you must
setup the data link parameters on the Data
Modem card, and you can also specify any Rover
Options on this card. Choices for Rover Options
are:

o None: No special operation of the rover.

o GGA Outputs: This option will enable
NMEA GGA strings to be sent out the
modem port at regular intervals. Use
this option if you are connecting to a
GPS network server that does not use
NTRIP (see page 225) to manage logging
into the network.

o VRS non-NTRIP: This option will enable
NMEA GGA strings to be sent out the
modem port at regular intervals, and
will configure the receiver for VRS rover
operation. Use this option if you are
connecting to a GPS network server that
does not use NTRIP to get VRS
corrections (see page 225).
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¢ NTRIP Rover: Select this mode to use the receiver as an RTK
rover where the base corrections are to be supplied to the
rover by connection to an NTRIP service (see page 225). To
configure an NTRIP rover, you must setup the Windows
Networking modem parameters on the Data Modem card (see
below).

Note: You do not need to select the RTK Correction Format for an
NTRIP rover because this will be determined by the NTRIP service
you pick at rover setup time.

e Post Processing: Select this mode to use the receiver to log
data for post processing. You can do either static or kinematic
(stop and go) post processing data collection control with
Survey Pro. You do not need to setup the data link
parameters for post processing receivers.

o Select the RTK Correction Format if this is
required

o Select any Rover Options if this is required

o Select whether or not to use a CMR station index
for base or rover setup if this is required.

o Set the elevation cutoff desired for data collection.
This is the angle below which satellites will not be
used.

Receiver Settings — Data Modem

1. Select the specific type of data link in the Data Modem drop down
list.

2. Configure any settings required for this modem

Note: There are many different Data Modem types available. The
content of this drop down list will depend on the brand and model of
receiver selected. The settings to configure on this page will depend
on the specific Data Modem selected. If you are using a device that is
not listed in the Data Modem drop down, then you can choose to use
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the ‘Generic Serial’ device and simply set the correct port, baud rate,
and parity for this device.

Receiver Settings — General

The controls on the Receiver Settings — General card will vary
depending on brand and model. Please see the documentation that
came with your GPS receiver for details on the different settings that
may be available. If using a Bluetooth GPS receiver, refer to the
Bluetooth section on Page 316.

RTK Settings

If you are using Survey Pro for RTK, or RTK simultaneous with post
processing data collection, the following cards of the Job > Settings
screen are used:

Measure Mode: is where you select the type of GPS raw data to store
for each point. You can also set measurement acceptance criteria.
These settings are described in detail in the Reference Manual.

Post Processing Settings

If you are using Survey Pro for RTK simultaneous with post
processing, or post processing data collection, the Post Process card of
the Job > Settings screen applies.

You can specify how to deal with autonomous positions and select a
special layer to store autonomous points on. These settings are
described in detail in the Reference Manual.
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Start GPS Survey

The Start GPS Survey wizard is used to start any RTK survey. This
wizard will guide you through the steps required to choose a
coordinate system, set up your equipment, solve an adjustment, and
start collecting data or staking out points. The Start GPS Survey
wizard can be used for any RTK setup, regardless of your coordinate
system requirements, and your base and rover equipment
configuration.

The steps required to complete the Start GPS Survey wizard will
depend on the coordinate system and equipment you are using. All
the possible steps are described below.

Start GPS Survey — Choose One
Point Setup

One point setup is a special case of the Start GPS Survey f}

wizard. You can use one point setup mode only when you  [9ne Point Setup: ————
h b d iob with I int. Wh This is a new job. Use 'One Point
ave a brand new job with only one point. When you Use | sztup to set the base and rover, and

one point setup, Survey Pro will use Ground - TDS begin collecting data in a new ground
R . . coordinate system for this location.
Localization mode, and automatically solve the
localization adjustment to give you ground level Start Survey with
0One Point Setup >

coordinate system with the origin at your first point.
When you choose one point setup, there are no additional

steps required to solve your coordinate system, all you rRegular Setup:
- f lJse 'Regular Setup’ to choose a
have to do is complete base and rover equipment setup projection mods, Set base and rover,
and you are ready to survey. and solve the projection.
Start Survey with
Regular Setup >
e ? £l

270



GPS Module

Start GPS Survey - Choose
Projection Mode

The Start GPS Survey Choose Projection mode screen is used to

choose the horizontal projection mode. There are two choices:

¥ | start Survey Wizard &F (£ G)

Choose a projection mode :

- If your job is:
A local coordinate system, at ground
leved, with no projection and no datum
from the database.

[ usa Ground - TDS Localization > |

r If your job is:

A mapping plane coordinate system,
with a geodetic datum chosen from
the database.

| Select a Mapping plane zone > |

< Back
® 7 Ll

Choose to |Use Ground — TDS Localization| when your
survey is a ground level site with no projection and no
datum to relate the local coordinates to geodetic. When
you choose Ground — TDS Localization, the next step will
be base and rover setup, and solving the localization
adjustment.

Choose to |Se|ect a Mapping Plane Zone| when your survey
coordinate system is a conformal mapping plane defined
in the coordinate system database. When you choose
Mapping Plane mode, your next step will be to select a
coordinate system from the database (Page 250). Then,
you will proceed with base and rover setup. If you set
the base on a known point, you do not need a
localization adjustment and you will be ready to collect
data after rover setup. If you start from an autonomous

base, you must solve a localization adjustment.
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Start GPS Survey — Choose Geoid

Use the Select Geoid Model screen to select a geoid
model and data file to use with either the Ground - TDS
Localization or Mapping Plane zone. This screen only
appears as part of the GPS Start Survey wizard when a
geoid is not currently assigned.

1. Select a Geoid Model to use from the list.

2. If there are no data files for the selected geoid model,
the File control will display "No .ggf files for this
geoid." If there is only one data file for the selected
geoid, the File control will display that .GGF file
name. If there are multiple data files for the selected
geoid, select the geoid you wish to use from the list.
When there is a geoid file displayed, the File Name
control displays the data file name from the .GGF
file header.

fiF|select Geoid Mo 5 & (£ 2:08
r Geoid Model:
Geoid Model:

[GEDID93 (Carus) -]

File Marne:
Subgrid of Geaid99 (Conus)

Filex:
|Oregon 599.gof vl
D 7 =8

e Tap to set the geoid for the current projection record
and/or change the data file used by the current geoid model.

Start GPS Survey — Choose Base

Setup

The Start GPS Survey Choose Base Setup screen is used
to select how you will set your GPS base. There are three
choices:

. | Use Current Base|: This option can be used when you
have already set a base station with this data
collector. When you tap |Use Current Base|, the Start
GPS Survey wizard will display the next screen
required for setup. If rover setup is not complete, or
if you answer yes at the prompt to reset the rover,
you are prompted to select an RTK rover or an
NTRIP rover receiver, and then the Rover Setup
screen is opened. If rover setup is complete, but you
must still solve your projection, the Start GPS
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rSurvey Pro Base Point :
Base Point: 2

| Use Current Base > |

rSet new base :
Connect to a GPS receiver and set it
as an RTK base.

Set New Base >

rUse remote base station :
A base is already s=t and
broadcasting RTK cormrections.

| useRemote Base > |

< Back
2 7 A
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Survey — Solve Localization screen is opened. If the complete
setup is already done, the Data Collection screen (Page 302) is
opened.

e | Set New Base|: This option is used when you wish to connect to a

GPS base receiver, set it as an RTK base, and configure the base

reference position in Survey Pro. When you select |Set New Base),

you are prompted to select a base receiver and then the Base
Setup wizard is opened.

. | Use Remote Base|: This option is used when there is already a
base set up and broadcasting corrections. This includes using the
rover with a network GPS service. Choose this option to setup a
rover receiver and configure the base position in Survey Pro.
When you select |Use Remote Base|, you are prompted to select an
RTK rover or an NTRIP rover receiver, and the Rover Setup
screen is opened.

Start GPS Survey — Connect to
Receiver

— - Before the Base Setup, Rover Setup, or Data Collection
screens are opened, you will be prompted to connect to
Select RTK Base: the appropriate receiver.

The Connect to Receiver screen is used to display a list
of all of the receivers of the appropriate type (base,
rover, or post processing) you can connect to. If you have
used this type of equipment with this data collector
before, then the receiver you last used is remembered
and you can proceed simply by tapping or
. If you need to create a new receiver or change
the receiver settings, you can tap |Create New Receiver| to
Flug the cablz into the base receiver, A = =
Tap Connect when you are ready, open the Receiver Setup screen, or tap |Rece|ver Settmgs|
[ cConnect > || toopen the Job > Settings > Receiver screen.
Q ¢ =18

|l3reate New Recelver... |

| Receiver Settings I
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Start GPS Survey — Base Setup

The Base Setup wizard is used to setup an RTK base receiver, and to
configure the base reference position in Survey Pro.

Base Setup One — Pick Point

The first step of the Base Setup wizard is to pick a point
for the base reference position, and measure the antenna

¥ |Base Setup P g [4 @

height at the setup. Select an existing point, or, enter 3
new name to create _a_po'lnt from an
1. Set the base receiver antenna over the point. autonomous GPS position:

2. Tap to select your antenna type and +esepon: [z ¥

measure the slant or vertical height of the antenna.

Last antenna for this receiver:

3. Enter a name for the Base Point. You can select an e e ount
existing point from the job or you can enter a new
point name for the job. If you select: Measured:
o An existing point with geodetic coordinates, Offset: 0000
the GPS base receiver is set with this
coordinate, and the base reference position is Next >
configured in Survey Pro. 2 9 A

o An existing point with plane only (N,E,Elev)
coordinates when the coordinate system is solved, the
plane coordinate is transformed into geodetic, the GPS
base receiver is set with this coordinate, and the base
reference position is configured in Survey Pro.

o A new point, or, an existing plane point when no
projection is solved, you start from an autonomous
position. You will GET an autonomous position from the
GPS receiver for your first base setup. You then SET this
reference position in the GPS receiver and configure the
base position in Survey Pro.

Note: It is strongly recommended that you use only one autonomous
GPS base position in a job. If you must use multiple autonomous
setups in a single job, you will be prompted to setup and select a
separate site record for each setup group.
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The final step of the Base Setup wizard will depend on the base point
chosen. If the base (lat, Ing, ht) is known or can be computed, the
final step is to SET the base at the known geodetic position. If the
base (lat, Ing, ht) is not known, the final step is to GET an
autonomous position to SET the base with.

Base Setup Two — SET

The Base Setup Set screen is used when the geodetic coordinate of the
chosen base reference point is known or can be calculated.

Base Point: 1

Latitude:
0°00'59.02763" S

Longitude:
20°59'09.14368" E

Eliinse Height:
-77.941 ifeet

Post Processing
Recording Interval: hd

| < Back ||

SET

® 7 =

5.

If you are not post processing, leave the Post
Processing Recording Interval field set to Off. If you
are post processing, select the desired recording
interval in this field. The receiver will open a file
(with the next available default name), start
recording GPS raw data, and record the station and
antenna information for this static session.

Tap to start the base receiver broadcasting this
reference position and GPS observations over the
radio link, and to configure the base reference
position in Survey Pro.
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Base Setup Two - GET and SET

The Base Setup GET and SET screen is used when the geodetic
coordinate of the base reference position is not known. In this case,
you must GET an autonomous position from the GPS receiver and
then you can SET this as the reference position.

7. Tap |GET Position From Rx| to get an autonomous
position from the receiver. If you wish to get an
averaged position, enter a number in Average

M positive
position [n] epochs before GET. Longitude:

8. If you are not post processing, leave the Post Ellpss Height.

Processing Recording Interval field set to Off. If you ifoat

are post processing, select the desired recording

interval in this field. The receiver will open a file Average position for epochs
(with the next available default name), start | GET Position From Receiver |
recording GPS raw data, and record the station and _
f - . . . Post Processing
antenna information for this static session. Recording Interval:
9. Check the results displayed in the edit boxes. If it |GPs status|| <Back | SET
looks good, tap to start the base receiver e 7

broadcasting this reference position and GPS
observations over the radio link, and to configure the base
reference position in Survey Pro.

Start GPS Survey — Rover Setup

The Start GPS Survey Rover Setup screen is used to setup an RTK
rover receiver, and to configure or check the base point reference
position in Survey Pro. Before proceeding to the Rover Setup screen,
you will be prompted to connect to an RTK rover or an NTRIP rover
receiver. Connecting to a rover receiver uses the same screen used for
the base receiver, described above on page 273. If you select an RTK
rover receiver, you will proceed directly to the Rover Setup screen. If
you choose an NTRIP rover, you will first be prompted to choose an
NTRIP service before you proceed to the Rover Setup screen
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Rover Setup — Select NTRIP Service

‘.ﬁrj" Connect to Receive 47 4< 6:34
Select an MTRIP service:

Service Mame Type

;1] WRERTCMS,0_Password  RTK Nety
B VRSRTCMZ.3_Password RTE Wet
M VRSCMRplus_Password  RTK Ret]
4]

i B3
] ] [

I

lJser Mame:

|name |

Passweord:

|passw0rd |

Save user name and password

Rover Status: Rowver Is not set

Base set at: 100

Last antenna for this receiver:

Antenna: Manual
Measured To: Bottomn of mount

Measured:  |4.000 ift

Offset: 1.000

Setup HR

Post Processing
Recaording Interval; off

| < Back | | Set Rover = |

I

1. Select a service from the Select an NTRIP service list
box.

2. If this service requires a user name and/or password,
enter these values in the User Name and/or Password
edit fields.

3. If you wish to persist this user name and/or
password, check the Save User Name and Password
box.

4. Tap to log onto the RTK network server

and use the selected service.

Rover Setup — Set Rover

1. Tap [Setup HR| to select your antenna type and

measure the slant or vertical height of the antenna.

2. If you are not post processing, leave the Post

Processing Recording Interval field set to Off. If you
are post processing, select the desired recording
interval in this field. The receiver will open a file
(with the next available default name), start
recording GPS raw data, and record the station and
antenna information for this static session.

3. Tap [SET Rover| to setup the receiver as an RTK rover.

The rover will then wait to receive the base reference
position over the data modem link. If you have
already configured the base with this data collector,
then the base reference position from Survey Pro will
be checked against the position received at the rover.

If you have not yet configured the base reference position in
Survey Pro, it will be configured with the position received at the

rover.
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Rover Setup — Set Base Reference Position

When you are using a remote base station, and the base reference
position is not yet known to Survey Pro, you must complete the Base
Setup wizard for the remote base position in order to store the base
position in Survey Pro and update the raw data.

Similarly, when you set the rover and the remote base position
received at the rover is different than the one set in Survey Pro, or
when you are doing RTK surveying and the rover detects that the
base position has changed, you will be prompted to complete the Base
Setup wizard for the remote base position.

1. Choose a name for the remote base point. If the base reference
position received at the rover matches a single point in the job
file, then the prompt to choose a point name is skipped, and you
go to the next step. If the base position does not match any points
in the job file, you are prompted to choose a name for the new
base point to store. If the base position matches more than one
point in the job file, then you are prompted to select from among a
list of possible points.
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3| select Base Ponn £ & < 4:14

Base point received from rover does not
match with any point in database. Select
a name for this new point.

o5 oot ¥

o Base Point:

3| select Base Ponn £ & 4 4:20

Base point received from rover matches
the following points in the database.
Select a base point to set.

Base Point:

TDS_roof _L1APC
TDS_roof_mount

o 7 Z]

o 7 Z|-

Review the antenna details for the remote base position. Most
base receivers broadcast their antenna height along with the
reference position. However, some do not. The different scenarios

are outlined below:
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e When the rover receives the base antenna information,
Survey Pro displays the antenna height received. The
antenna Measure To displays Get From Base.

Note: When the rover receives the base antenna information, and
the base point exists in the job file, Survey Pro checks the agreement
between the base antenna phase center position broadcast minus the
broadcast antenna, and the height of the point in the job file. If there
is a misclosure, you are prompted, and you must update the height of
the base point in the job file in order to complete the Base Setup
wizard.

e When the rover does not receive the base antenna
information, and the base point exists in the job file, Survey
Pro calculates the antenna from the base height and the
reference position antenna phase center height. The antenna
Measure To displays Calced. by SP, and the Measured field
displays the calculated value.

¢ When the rover does not receive the base antenna
information, and the base point is new in Survey Pro, you are
prompted to enter the known antenna height in order to store
the new point on the ground, or leave the antenna height at
0.0 to store the new point at the base antenna phase center.
The antenna Measure To will display Entered in SP, and the
Measured edit box is enabled for you to enter the value.
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1.

280

Tap Next>]

Review the base reference position to be stored in
Survey Pro. Tap to accept the remote base

receiver antenna and position and update the raw
data, and continue with the RTK survey.

Base Point:  TDS_roof

r Base Antenna:

Base Setup & & £ a0

Antenna: Rover Get
Measured To: Get from Base

Measured: 0.000 m
Offset: 0.000

Setup HR

Base Point: TDS_roof
Latitude:
44°33'08.01300" N

Longitude:
123°16'08.84613" W

Hlipsoid Height:
56.463 m

& & £ 226
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Start GPS Survey - Solve Localization

e Rl The Start GPS Survey Solve Localization screen is

- Collect Control Points : ————— | displayed when you need a horizontal adjustment to
%ﬁﬁi;ﬁ;”ug'tﬁgfé ttﬂfe solve your coordinate system. A horizontal adjustment is
localzation. required to solve your coordinate system any time you

[ collect Control > ||| begin a survey from an autonomous base position. This

-Solve Localization:— | is always the case when your projection mode is Ground

You need 2 more horzontal and L more || _ TS | ocalization, since your first base setup is always

vertical points to solve the localization. o A
from an autonomous GPS position. This may be the case

| when your projection mode is Mapping Plane, when you
set your first base on a new point. A vertical adjustment

| Solve Localization...

rStart Surveying Now :

Solve the required localization later. is often desired, although not required before data

| start survey Now > ||| collection can begin.
The horizontal and vertical adjustments are usually
0 9 2]+ solved together. First, tap |Co||ect Control>| to occupy

some existing local points as GPS Control points. Next,
tap |So|ve Localization | to open the Solve Localization wizard to
calculate the horizontal and vertical adjustment parameters (Page
288).

After you successfully solve the localization adjustment, the Start

GPS Survey wizard will close, and the GPS Data Collection screen
will open (Page 301). You are now ready to measure and store new
points in this job.

You can also choose to start the survey without solving the
localization, and complete the required adjustment later. Tap

to apply a temporary localization and begin data
collection. Any time during the survey, you can occupy the required
control points and solve the localization parameters. The GPS data
collected points will be updated to the proper local coordinate after
the localization is solved.
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Solve Localization

When you start a GPS survey from an autonomous base position, you
need to solve a localization to adjust GPS measurements into local
coordinates. This is the case for both horizontal projection modes.
Using Ground - TDS Localization, you need to solve a localization to
relate your arbitrary GPS start point into your non-geodetic local
system. Using a Mapping Plane, you need to solve a localization to
shift the autonomous GPS start point into accurate geodetic
coordinates.

In either horizontal mode, the procedure is the same. Starting from
an autonomous GPS base setup, you measure GPS positions on
control points with know local plane (N,E) coordinates. The
parameters for a 2D similarity transformation are calculated with a
least squares solution using the control points. These parameters are
added to the zone record (the default Ground - TDS Localization mode
zone or the selected Mapping Plane mode zone) to create a zone based
site record.

Vertical localization, with or without a geoid model, uses the same
field procedure. Starting from an autonomous GPS base setup, you
measure GPS positions on control points with know local elevations.
The vertical adjustment parameters are calculated from the control
points. The vertical adjustment will be either a shift to correct geoid
elevations to local elevations, or an inclined plane to correct for
vertical shift and tilts.

Note: If you are starting a new job from an autonomous GPS base
setup using one point setup, you do not need to solve a localization
adjustment. The default map projection will be scaled to ground, and
oriented with grid north equal to geodetic north at your first base
station.
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Localization with Control Points

Horizontal localization is a simple 2D similarity transformation from
mapping plane coordinates in an intermediate system to coordinates
in your local system. In Ground - TDS Localization mode, the
intermediate system is the default map projection initialized for
ground distances at the base height. In Mapping Plane mode, the
intermediate system is the inaccurate coordinates calculated on the
selected map projection from the autonomous GPS base.

Vertical localization is a correction from measured ellipsoid heights or
geoid elevations calculated from heights, into local elevations. This
correction can be a simple shift or a three-parameter inclined plane.

Localization with Control Points: Summary

Take GPS measurements to at least the minimum number of control
points. In Ground — TDS Localization mode, at least two horizontal
control points are required. In Mapping Plane mode, at least one
horizontal control point is required. In Localization (+Geoid) mode at
least three vertical control points are required when there is no geoid
model, and one vertical control point is required when there is a geoid
model.

1. Tap Solve Localization..| to open the Solve Localization wizard.

2. Select the points to use for horizontal and vertical control and
tap Solve>|.

3. Verify solution residual or misclosure quality. Tap to

review the parameters and tap to finish setup.
4. Occupy additional local points as check points to verify

solution quality. If desired, additional points can be added as
control points and included in solution.

Note: When you resolve the localization, all of your job file points
will automatically be readjusted using the Adjust with Projection
wizard (Page 311). Therefore, your local coordinates derived from
GPS measurements will always be calculated using the latest
coordinate system solved.
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Detailed Procedure

Since the field procedure is the same for both horizontal and vertical
localization solutions, the instructions below cover both cases.

1. From the Control Points screen, select a control point .‘

to occupy and enter the name into the Point control.

: : : : Solution: Fixed
Horlzont_al contro! points must have a valid nort_hlng Pl BRI S (0 RS OO
and easting coordinate in the local system. Vertical

control points may have a valid horizontal coordinate |+ Foint: [corv [#]
(although it is not used in the calculation) but must [Set iR | [52f |
have a valid elevation. to: Bottom of mount
2. Level the rover antenna over the point and tap rutilities
n . . | Projection | | Yiew Points |
Control Point] to begin data collection.
rOccupy:
3. When you are happy with the measurement, tap | Post Process | | Check |
nccept]
4. Check the Results tab for details of the previous Input | ResLits | Map |
measurement. Check the Map tab to see the number ¢ P e B

and position of control points for this set up group.

5. Collect a minimum of one control points to solve horizontal
localization on a mapping plane. Collect a minimum of two control
points to solve a horizontal localization in an arbitrary ground
system with no projection and no datum. Collect a minimum of
three vertical control points to solve vertical localization. Collect
one vertical control point to solve just the localization vertical
shift when using a geoid model.

6. When you have collected the minimum number of control points,
tap |Projection| and |So|ve Localization| to open the Solve
Localization wizard.
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7. In the list box, control points collected will be

Solve Localization & #x (5) N e i i N
identified with an H and/or V. Points marked H will

o

' be used to solve horizontal localization. Points
3 Yes  Yes marked with a V will be used to solve vertical
A sl localization. You can select or deselect any point by
Select all highlighting that point and then: tap the H and/or V
Numb f Pt U d: i int:
[Humd'ern s Use —Im column beside that point; press H and/or V on the
' keyboard.
rFix H Scale to 1.0
[] solve Ratation Only
Height:  64.399349 m

Note: If your base was set up on a known point, that

Calulat Solve H point is an eligible control point. If your base was set up
afarr > Solve V on a new point, then it is not visible on the control point
|Manual Entr',r“;-l | Solve - | list.
e 9 =l

8. If you wish to hold the scale of the GPS
measurements, but you want the localization adjustment to
correct for a rotation, check the Solve Rotation Only control in the
Fix H Scale to 1.0 box.

9. Double check the selection of control points and tap . The
localization parameters are computed using the selected control
points, and the next screen is opened with solution RMS values.

10. For both horizontal and vertical, the solution type and RMS value

from the control points are displayed. The solution type will be
one of:
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. Upigue: the solution was calcu_lated using the
minimum number of control points or fewer. In olutions:
this case, there is no least squares solution to Lo ';90552“3'5
provide residuals, so the numbers in the N Err, E RMS E: 0,006

Err, and/or V Err columns are misclosures [LSQ: v Residuals—|
calculated from the control points that are not RMS v 0.004

i i RMS 300 0.008

used in the solution. Catwest 0,010 at point 53
. - H Error:
e LSQ: the solution was calculated with more than

.. . . M. | H N Err |EErr |V Er
the minimum number of control points. In this = e T T
case, the least squares solution can produce & Yes Yes 0.001 -0.005 -0.008
residuals, and the N Err, E Err, and/or V Err 23 Ez $§§ :g-gg? _DIjEIDDI;B? g-ggé
columns show residuals for the points that are 0 i I
used in the solution. [ <Back |[ mext- |

8 v XS

11. If you are not happy with the solution residual or misclosure
values for any point, you can change the control points used by
tapping in the H and/or V columns. This will change to
|So|ve>|. Tap |So|ve>| to recalculate the solution and update the
residual / misclosure display.

12. When you are happy with the solution quality, tap to
review the parameters.

13. Examine the scale and rotation values to verify they are
reasonable. See the explanation of localization parameters (Page
288) to determine what is reasonable.
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l.ﬁ'j" Solve Localization | Solve Localization  ¢F #{Z @
Horizontal | vertical Horizontal
Status: Status:
Control points solution. Control points solution.
on o
otation: : Slope E: 17.200
Delta N:  -94,966.593 m -
Delta E:  -04 955.613 Seperation: -0.185m
o _wn' e sssm Origin N: 5,009.001 m
rigin N: ,025. m T
Origin E:  99,339.949 m Origin E: 4,960.776 m
| <Back |[ Accept | | <Back |[ Accept |
e ? A e ? A

14. When you are happy with the solution, tap to set the

horizontal and/or vertical adjustment. The Adjust with Projection
wizard will open to show you a preview of the changes to the
geodetic points. Tap to update the coordinate system in
the job and raw data, and to apply the adjustment to the points.

Manual Entry of Parameters

Manual entry of parameters is used when you already know the
appropriate horizontal and vertical localization parameters for a site.
Use manual entry of parameters to key in the site parameters and set
it as the current coordinate system.

Tap |So|ve Localization| to open the Solve Localization wizard and

Enter the Scale, Rotation, Translations, and Origin of the
Enter the Slope N, Slope E, Separation, and Origin of the vertical

Tap to show the horizontal and vertical parameters

1.
then tap| Manual Entry>|.
2.
horizontal system.
3.
adjustment.
4,
entered.
5.

Review the results and tap when you are done.
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Localization Parameters Explained

Before you accept a localization solution, you should evaluate the
parameters and the quality of the solution. This section describes the
meaning and the expected values for the six horizontal and five
vertical localization parameters. Guidelines for the quality and
geometry of control points plus the solution redundancy and residuals
are also described.

Horizontal

Ground - TDS Localization Mode:

Scale: is the scale difference between the intermediate mapping
plane and the local system. Scale should be very close to 1.0. A value
of 1.0 corresponds to ground level distances at the base reference
height.

Scale values are often reduced to parts per million in order to relate
the factor to a distance. One ppm (the sixth decimal place i.e.
1.000001 or 0.999999) is equal to 1mm in 1km. This is well below
RTK precision. Fifteen ppm (1.000015 or 0.0.999985) is equal to
15mm in 1km. This is a usual RTK precision, so anything in this
range is expected. A scale value significantly greater or smaller than
1.0 may indicate problems with the control point accuracy and/or the
control measurement precision. It might also indicate a base
reference height too high or low for the survey area, or a scale bias in
the control point local coordinates.

Rotation: is the rotation between the localization map projection
zone and the local system. The rotation represents the difference
between grid north and geodetic north at the meridian passing
through the origin of the localization transformation. Because most
local coordinate systems are not referenced to a geodetic azimuth, any
number could be a valid parameter here.

Origin: is the coordinate on the intermediate mapping plane of the
centroid of the control points. It is calculated by average of the
mapping plane (y,x) coordinates of all control points.

Translation: is the shift from the Origin to the centroid of the
control points in the local coordinate system.
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Mapping Plane Mode:

Scale: is the scale difference between the intermediate mapping
plane using the autonomous GPS position and the actual mapping
plane control coordinates. Scale should be very close to 1.0. A value of
1.0 corresponds to grid distances on the selected conformal mapping
plane.

A scale value significantly greater or smaller than 1.0 may indicate
problems with the control point accuracy and/or the control
measurement precision. It might also indicate a scale bias in the
control point plane coordinates, which you may want to correct by
solving a fixed scale transformation.

Rotation: is the rotation between intermediate mapping plane using
the autonomous GPS position and the actual mapping plane. The
rotation should be very close to 0.0. A rotation value significantly
greater or smaller than 0.0 may indicate problems with the control
point accuracy and/or control measurement precision. It might also be
an orientation bias of the mapping plane control system that you wish
to solve for.

Origin: is the coordinate on the intermediate mapping plane of the
centroid of the control points. It is calculated by average of the
mapping plane (y,x) coordinates of all control points.

Translation: is the shift from the Origin to the centroid of the
control points in the local coordinate system. This value represents
the shift introduced by the inaccurate autonomous GPS starting
position, and is usually less than 10m, the accuracy of an autonomous
GPS position.
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Vertical:

Slope: is the North and East tilt of the inclined plane adjustment.
These values are given in parts per million, and represent the radian
angle values of the deflection between the ellipsoid normal and the
local gravity vector. This tilt approximates what a geodosist would
call 'deflection of the vertical'.

Separation: is the shift between the local elevation and the vertical
reference surface (geoid elevations when using a geoid model or
ellipsoid height when using localization vertical only).

Origin: is the local coordinate of the first point used in the control
point list. The slope values are applied from this point.
Normal

Normal to { to Geoid
Ellipsoid

Deflection (a,b)

Fig. 9: Vertical Localization
Three control points calculate a plane to model the deflection and shift
between the geoid and ellipsoid surface.

Vertical Calibration and Geoid Modeling

If you do not use a geoid model, vertical localization will solve for
slope and separation using the measured heights and the control
elevations. If you do use a geoid model, vertical localization will solve
for the separation between the geoid elevation and your control
elevation. Geoid elevations are computed from measured heights and
geoid undulation using the height equation (see Page 240):

h=H+N
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Quiality of Localization Solutions

Starting from an autonomous GPS base position and solving a
localization with control points is similar to starting a conventional
survey from an unknown setup and solving a resection. The quality of
the solution depends on both the precision of the measurements to
the control points and the accuracy of the control point coordinates.
When solving a localization with control points, the following
guidelines should be followed:

e Quality of control points: the control point coordinates should be
at least as precise as the specified survey requirements.

e Geometry of control points: the control points should be
distributed evenly surrounding the survey area.

iew Map - BASEMAP! & wx (%) iew Map - BASEMAP! & u(x (%)

Poor Control Point Geometry Good Control Point Geometry

The illustration on the left shows an example of poor GPS
control point geometry. The points do not surround the survey
area, and they are nearly co-linear, which is a big problem for
the vertical adjustment. The illustration on the right shows
an example of good control point geometry. The points
surround the survey area, and form a nearly equilateral
triangle for the vertical solution.

291



User's Manual — GPS Mode

e Check points: after solving for localization parameters with a
minimum number of control points, you should occupy an
independent checkpoint to verify the solution quality. If you
desire, this point can be added as a control point and used for
subsequent solutions. If the checkpoint measurement is within
the tolerance, this step should not be necessary.

e Redundancy and residuals: After solving localization parameters
with more than the minimum number of control points, you
should examine the solution residuals. The residuals should be
close to the measurement precision of your instrument and the
control points.

Ground - TDS Localization Explained:

When the horizontal projection mode is Ground - TDS Localization, a
default map projection is automatically set up to produce ground
coordinates at the base station height. The Ground - TDS Localization
mode default map projection is an oblique stereographic map
projection with the following parameters:

o Origin is at the initial base station location

o False northing and false easting of 100000.0 m

o Scale at the origin of the stereographic map projection zone is
calculated to produce ground scale distances at the height of
the first GPS setup. This projection scale factor is simply the
inverse of the ellipsoid scale factor for the reference height
(see Page 237).

Origin Scale (kmap) = (R+h)/ R

R= a

1

(1-e*sin? ¢)2

Localization Setup Groups

When you set up different base stations with autonomous positions
from a GET, each position is only accurate to +- 30m (+- 10 m with
Selective Availability (SA) turned off). Geodetic coordinates measured
from your first autonomous base will not be accurately connected to
geodetic coordinates from a different autonomous base. Although the
localization parameters will accurately transform both sets of data to
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the local coordinate system, it is not possible to compare the geodetic
coordinates from the different sets of data.

Survey Pro solves this problem by assigning a set up group each time
a new autonomous base is set. A set up group is a unique flag
attached to each point record generated by GPS. Setup groups are
assigned as follows:

e When you set a new base point with an autonomous GET, Survey
Pro creates a new set up group for this point.

e When you collect geodetic measurements, each new point is
assigned the set up group of the current base station.

e When you set the base on an existing point with geodetic
coordinates, the point’s existing set up group is used as the new
base station set up group.

e When you set the base on a point with existing plane coordinates
and compute geodetic coordinates using the ‘Move Base’
algorithm, the existing coordinate system’s set up group is used
as the new base station set up group.

One Point Localizations Explained

When you want to open a new job and start a ground level survey
with no existing coordinates or control, you should use the Start GPS
Survey wizard one point setup option. After you set your base and
rover, you will be ready to collect data in a coordinate system with the
following properties:

e The coordinate system is scaled to ground level. Distances
measured with an EDM will be 1:1 with GPS measured
coordinates. Ground level is set automatically at the base
reference position. If your base is set at a height considerably
higher or lower than your survey area, use the Localization Set
Zone screen (Page 249).

e The coordinate system is oriented with grid north equivalent to
geodetic north at the base point. This means if you did a sun shot
at the base reference position; your solar azimuth would be
equivalent to grid azimuth along this meridian. If you did a sun
shot east or west of the base position, the solar azimuth would
differ from grid azimuth by meridian convergence.
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e The coordinate system has its origin at the local northing and
easting of the first base position. The localization Translation
values would be the offset between the default map projection’s
origin (100000, 100000)m and the local coordinate of the base.

Localization Calculator

Note: The Localization calculator is used to provide the field
procedure for a workflow supported in Survey Pro versions prior to
3.5. This routine is similar to using the Start GPS Survey wizard one
point setup mode, except that rotation is calculated parallel to a
selected map projection.

1. After choosing the projection settings and configuring the base
and rover receivers, go to the Survey > Projection screen.

2. Tap [Solve Localization..| to open the Solve Localization wizard and

then tap CaIcuIator>|.

Note: The vertical card will be the vertical manual parameter screen
described in the previous section.

3. Leave the scale at 1.0. For an explanation of the scale factor or to
review the reference height used for ground scale, tap the

Calc Scale| button.
4. Calculate the rotation for this setup. Tap [Calc. Rotation| to open

the Localization Calculator. If you have not already selected a
mapping plane, you will be prompted to do so now.

5. Tap |So|ve Rotation>| to calculate rotation for the localization
origin in the selected map projection zone.

6. Examine the results. The Rotation is the negative of meridian
convergence between the central meridian of the selected map
projection zone and the base point.

7. If you set your base up on a known point, then the base station
coordinates are already entered into the Base Station Local

Coordinate fields. Tap to calculate the localization
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parameters. Tap to finish setup and return to the
Projection screen.

8. If you set your base up on a new point, you need to tap
. You will be prompted to make sure your Scale
and Rotation are correct before the Control Points screen is
opened. You need to select and occupy a single control point.
When you are done, tap to return to the Solve Localization

screen and the calculated coordinates are returned to the North
and East fields.

9. Tap . Examine the results and tap when you are

done. You will be prompted to name the new localization site and
save the record in the database.

Remote Elevation

If you set your base on a point with known elevation, you can begin
collecting data right away. However, if your base station is on a new
point, then you should calculate the elevation of the base and create
or update a vertical site before collecting new data. This can be done
in conjunction with horizontal localization, or you can use the Remote
Elevation screen.

fg|Remote Elevation & x (D) You can use the Remote Elevation screen to occupy a

i . vertical benchmark with the rover. Applying the results

Solution:  Fixed . . A .

Radio: 09% Sv: 07 HRMS: 0.02 of the occupation will update the base point elevation

Base Point: 1 and create a new one-point vertical localization without

Elipse h: 64.998 m entering the Solve Localization wizard. This procedure
Old Elevation: 100,000 m will not effect the horizontal localization adjustment.

Mew Elevation: --—-m

m Add Benchrark 00m

Elewation:

=+ Select Paint: E

to: Bottom of mount

| Accept | |g|:cup',! Benchmarkl
%) g o =R
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The following conditions must be met in order to use the Remote
Elevation routine.

e The base and rover must be set.

e You must be using a geoid model as part of your vertical
coordinate system.

e The horizontal coordinate system must be solved.

1. Open the Survey > Remote Elevation screen.

2. If your benchmark is not in the job file, select the Add Benchmark
checkbox, enter the Elevation, and specify a new point number in
the New Point field.

Note: You cannot enter a new elevation for an existing point using the
Remote Elevation routine.

3. If your benchmark is a point in the job file, enter the point name.

4. Occupy the benchmark with the rover and tap
|Occupy Benchmark| to access the Occupy Control Point screen and
begin measurements to the point.

5. When you are satisfied with the measurement, tap . You
will return to the Remote Elevation screen and the base station’s
newly calculated elevation is displayed. The occupied benchmark
point has now been added to the job file as a GPS control point.

6. If the new base elevation is acceptable, tap from the
Remote Elevation screen to open the Adjust with Projection
wizard, which will show a preview of the points to be adjusted,
including the update to the base position elevation. Tap to
update the vertical coordinate system in the job file, and apply
the adjustment to the job file points.
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Import GPS Control

In some cases, you can occupy a GPS control point in the field during
data collection, but you do not have the correct mapping plane local
north, east, elevation coordinate for that control point. In this case,
you can not solve the localization in the field. However, it is possible
to solve the localization after the field work has been completed, and
Survey Pro will update all of the GPS collected points with the proper
local coordinate.

You can use the Import GPS Control function when your horizontal
projection mode is set to Mapping Plane. This function automates the
process of taking a data collected point, and merging it with the
proper local north, east, elevation coordinate from some external
source to create a GPS control point. Three common work flow
scenarios are:

e You start a survey with your base on a new autonomous
position. You set the base to log data for post processing while

you do your RTK. In the field, you tap and begin

your survey without solving a localization. You then submit
the post processing data file to the NGS’ OPUS service and
get back the calculated local coordinate. You then wish to
adjust the survey to match the calculated coordinate for your
base.

e You start a survey with your base on a new autonomous
position. You occupy one or more NGS control monuments
during the survey, but you do not have the data sheet with
the published north, east, elevation coordinate in the field.
You get back to the office and download these data sheets
from the NGS web site, and you wish to solve a localization
using these points as control.
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e You start a survey with your base on an £2|6Ps tmport control & 4¢ 6:37
autonomous position. You occupy one or more Select one o mare GRS colected
control points during the survey, but you do not paints you wish to make into GPS

. . control points. An accurate MEE
have the proper north, east, elevation coordinate bcatmnpwm he merged with the job

in the field. You get back to the office and you file GRS Iocation,

calculate the proper coordinate for these points 2 points selected

by some method such as an adjustment of post

processed baselines, or from another crew’s job [Tap Points... | . E

file measurement to the same point. You then _
. . . . . Select a method to input the source
wish to solve a localization using these points as far the accurate location of the GPS

control. poirt:
1. Open the Survey > Import GPS Control screen. [0PUS Salution Resuts .t fle d
2. Select the points you wish to make into GPS control
points. You must select points that have geodetic e 7 .° B

(LLH) coordinates.

3. Select a method to input the source for the accurate location of the
control point. Your choices are: NGS Data Sheet .txt file; OPUS
Solution Results .txt file; Key In Coordinate

Note: To use an NGS data sheet, download the data sheet for one or
more desired points from the NGS web site, open the *.htm data
sheet files using your web browser, and then click on File > Save As.
Specify to save the file as a plain text file, and make sure the file has
a .txt extension. To use an OPUS solution results file, open the email
containing the solution report with your email editor, and then click
on File > Save As. Specify to save the file as plain text, and make sure
the file has a .txt extension. Then copy any desired .txt files to the
data collector; the Survey Pro Jobs directory is the default location,
but you may place these files anywhere you wish on the data
collector.

4. Tap

5. For each point selected on the previous screen, enter the source
for the accurate local coordinate. If you are using an OUPS
solution report or an NGS data sheet, pick the desired item from
the drop down list. If you want to see additional details on any

item, tap . If you are keying in each local coordinate,
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choose the Coordinate Type and key in the North, East, and
Elevation, or the Latitude, Longitude, and Height.

Select an NGS data sheet to create
control for:

Point (1 / 2): 106
rSearch this directory for files: ——

\Built-in Storage\Survey

Pro Jobs\y,
Selact the NGS point ID (PID) for this
control point:

[£31552 | SMITH -]
< Back
Qe 7 2|

/5| GPS Import Co (5 & o< 10:08

Enter a coordinate to create
control for:

Point (1/2): 106

Coordinate Type:

|Gr'|c|

North: |

East: |

Elevation: |

< Back

Q 7 7

2]+

6. Tap after you have entered the local coordinate for each
point. After the last point, the wizard will advance to the final

screen.

7. Examine the preview of the control points to be created. When
you are creating a single control point, the complete details are

listed on this screen. To edit the input, tap . When you are
creating multiple control points, a summary is listed on this
screen. To see the complete details on a selected point, tap
. To edit the input for any point, select that point from the

list and tap .
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/7| GPs Import Co € &F 44 10:34 712 GPS Import Co € & <€ 10:32

New GPS Control Point to be Created: New GPS Control Points to be Created:
Result | value - Point | New N | New E
Point Name bCORV = 106 106,082.847  2,277,308.0
New Location W bCORW  105,971.567 2,277,335.3
N 105,971.567
E 2,277,335.372
z 130.232
Lat 44°35'08.40307" §—| ] D
_LTp 123°18'15.95312" 7
1 [ [ [ | show Details | | Re-Enter |
Tap [Finish] to create the control Tap [Finish] to create the control
point listed above, and then take the points listed above, and then take
following action: the following action:
|Automatically solve calibration M [Automatically solve calibration -]
ok
o -
o 7 2] o 7 - 2]

8. Choose an action to take after Survey Pro creates the GPS control
points selected. You can choose from:

e Automatically solve localization (calibration): Use this option to
create the selected GPS control points, and automatically
solve the localization, without opening the Solve Localization
wizard. The Readjust with Projection screen opens showing
you a preview of the update to the job file coordinates to be
applied with the new localization solution.

e Open the solve localization (calibration) wizard: Use this option
to create the selected GPS control points and then open the
Solve Localization wizard. You can then use the Solve
Localization wizard to complete the localization solution. This
option is useful if you are creating multiple control points and
you wish to view the residuals of the localization solution
prior to accepting.

e Solve the localization (calibration) later: Use this option to
create the selected GPS control points and exit. You can tap
Survey > Projection > |So|ve Localization| at any time after this
to finish solving the localization using the created control
points.

9. Tap to create the GPS control points and take the selected
action.
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RTK Data Collection

Once your horizontal and vertical projections are solved, you are
ready to collect data. The different measure mode settings and data
collection options are described below.

Measure Mode

1. From the Data Collection screen or from any GPS stake out
screen, tap to open the Job > Settings > Measure Mode
card.

2. Select the Accept filter.

o Fixed RTK only will reject all positions that are not fixed.
Code, Float, or Fix will allow you to accept any position except
autonomous or invalid data.

Note: If you are collecting simultaneous RTK and post processing
data, you can accept an autonomous position based on the
Job/Settings, Post Process card. If enabled, you will either be
prompted to put the autonomous position on a separate layer, or it
will automatically be stored on a separate layer.

3. Set the Acceptance Criteria.

e Acceptance Criteria is used to check each solution you accept.
If the measurement exceeds the criteria, you will be prompted
to accept or reject the point. Check this box if you want to
enable criteria checking. Enter a maximum value for HRMS,
VRMS, and/or PDOP in the fields. Only fields with a non-zero
value will be used for criteria checking.

e To accept data points automatically using the selected
criteria, check the Auto Accept box at the bottom of this page.

4. Tap @ to return to the Data Collection screen.
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Data Collection

The GPS Data Collection screen is used to add points to the job file.

There are several methods to collect data.

Occupy Point

Use this method if you want to occupy a point with the
rover for any amount of time. When you start a point
occupation, the receiver will be put in static mode for the
most precise measurement possible, and the event will
be recorded in the post processing log file.

1. Go to the Survey > Data Collection screen.

2. Enter a point name in the Point field.

Note: If you have Store GPS Raw Data set to + Rx Raw
(or + OBN for Ashtech users), your point name must be a
valid Site Id for the receiver model. If your point name is
not valid, you will be prompted to change it.

3. Enter a Description.

¥ Data Collection Fndl @

Solution: Fixed
Radio: 99% 5V OF HRMS: 0.07

R

s |pk nail |

tor Bottom of rmount
Occupy:
| Post Process

o Paint:

Control |

Offset |

| |
| Feature | |
| [ point_ ]

| Topo 55...

Input | Results | Map |

Q ? (8

4. If your antenna height has changed, enter a new value in the
Rover field to update the value in Survey Pro and in the receiver.
If your antenna type and measure to method have changed since

Rover setup, then tap [Setup HR| to change and update it.

5. Tap to begin measurement. If the Point name is a new point
for the job file, the Occupy Data Points screen will open. If the
Point name already exists, you will be given up to three choices:
overwrite, use next available name, or occupy the point as a check
point. If you choose overwrite or use next available, then the
Occupy Data Points screen will open. If you choose to occupy the
point as a check point, the Check Control Point screen will open.

6. In each case, the receiver will be put into static mode and the post
processing event will be logged to the data file and a site

occupation begins.

7. The Occupy Data Point screen (or Check Control Point screen) is

updated with the local coordinate calculated from the
302



GPS Module

measurement. When you are satisfied with the measurement tap
to return to the Data Collection screen

8. Check the Results tab for details on the last measurement. Check
the Map tab to see the points plotted as they are stored.

Topo SS

Use this method if you want to store a point at the current rover
position. When you tap , Survey Pro will check the current
position against the measurement criteria. If the position is good,
then Survey Pro will store the point. You may be prompted for
description, layer, and/or attributes depending on your settings.

Offset Point

Use this method if you cannot occupy a point directly, but you can
occupy a location close by and provide an azimuth and distance to the
point.

1. Go to the Survey > Data Collection screen.

2. Tap to open the Offset Shots screen.

Note: You can enter the offset data before or after you occupy the
reference point with GPS.

3. Tap |Occupy GPS| to occupy the GPS reference point. You will be

prompted for a point name to store the reference point. The
receiver is set to static mode and a site occupation begins. When
you are happy with the measurement, tap to return to the
Offset Shots screen.

4. Enter the distance from the GPS reference point to the offset
point. You can enter the distance by hand or you can get it from

the selected conventional instrument by tapping |[Shoot Laser|.

Note: You have to switch to conventional mode to configure the laser
range finder or total station.
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5. Enter the direction (azimuth/bearing) from the reference point to
the offset point. You can enter a direction in one of the following
ways:

e Using the horizontal angle returned from the conventional
instrument if you took a shot.

e Occupying a point on line with the reference point and the
offset point. After you occupy the reference point, tap
|Direction from Two Points| and then occupy a point on line with
the reference point and the offset point. When you are done
occupying the on line point, you will be prompted for the
direction to your offset point.

e Entering a value by hand, such as when you measure the
offset direction with a compass.

6. Tap to store the offset point.

7. Store any number of additional offset points from this GPS
reference point. The shot data for each point is recorded in .RAW

data. Tap when you are done storing points.

Feature Collection

Use this method if you want to continuously collect multiple points
using either a measurement interval or by manually accepting each
point. You can select from six different data collection modes.

1. Go to the Survey > Data Collection screen.

2. Enter a point name in the Point field. If this point already exists,
you will be prompted to overwrite or choose the next available
point.

Note: If you have Store GPS Raw Data set to + BI,CV or + BI,CV + Rx
Raw, feature collection will not store base line records because there
is no discrete site occupation of each point. Therefore, the point name
does not need to be a valid Site Id.

3. Enter a Description.
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Note: For continuous data collection (except Manual: multi
descriptions), once the first point is accepted, all additional points will
be stored with the same description, layer, and attributes. When
using Manual: multi descriptions mode, you will be prompted for
description, layer, and attributes (if set) after every point.

10.
11.

12.

Tap . On the Feature Collection screen, select a Method.
An explanation of the selected method is displayed at the bottom
of the screen. See the Reference Manual for more information.

If you select a continuous method, or the Hold Still method, you
must specify an appropriate Interval.

Tap to begin measurements. The Occupy Data Points screen
displays the local coordinate.

When you are ready to begin continuous collection, tap .

If you are using a continuous interval, disappears and
points are stored when the interval is exceeded.

If your mode is Manual, tap when you want to collect a
point. If your mode is Manual: multi descriptions, you will be
prompted for a description, layer, and attributes (if set) for each
point.

If you want to see a list of points stored so far, tap .

If you wish to store points at any time during your continuous

interval, tap .

Tap to end feature collection and return to the Data
Collection screen.

Note: When doing continuous data collection, if your interval is
exceeded, but your acceptance criteria or RMS criteria are not met,
then you will be prompted to Accept the point anyway or to Wait for
the measurement to pass. If you choose to Wait, and then Cancel, you
will be prompted to Accept the point anyway or to Exit.
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Occupy Control Point

Use this button to open the Control Points screen (Page 283), where
you can occupy a control point for the localization adjustment, or
occupy a check point to verify the current coordinate system solution.

Post Process

Use this button to open the RTK Rover Session screen. This screen is
used to start and stop point occupations in the post processing log file.
Use the RTK Rover Session screen when you wish to perform
additional occupations on the same point name, without affecting the
point’s coordinates in Survey Pro.
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RTK Stake Out

Stake out with GPS is very similar to stake out with conventional
instruments. See the Reference Manual for details on the different
staking procedures. Below is a description of the two special features
of stakeout with GPS.

Roving/Occupying

When you first start any GPS staking screen, measurements are
started in the GPS receiver in dynamic (moving) mode. This is
necessary as you navigate to the design point, and is indicated on the

screen with the toggle button in the position.
When you arrive at the design point, if you want to take a more

precise measurement, you need to switch to mode. This

will switch the receiver from motion to static mode.

Post Processing

Post processing data collection involves logging GPS raw data to a
file, and then combining the data from multiple receivers. Software
on the PC is used to process the base line measurements. This section
describes how to collect GPS raw data for post processing with Survey
Pro. In this section, you will learn:

e How to start a static post processing session.
e How to start a stop and go post processing session.

e How to set the station information and antenna height for
both static and stop and go point occupations.

e A general description of the data processing to compute
precise measurements from the data files.
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Field Procedure

Enable Post Processing
1. Create a post processing receiver profile (Page 222).

Note: For simultaneous RTK and post processing data collection,
receiver recording will be started automatically when you configure
the RTK base and rover and specify a post processing recording
interval. If you wish to do post processing only data collection, you
need to complete the next step as well.

Start Recording in Receiver

2. Go to the Survey > Post Processing screen. You will be prompted
to choose a receiver from the available post processing receivers.

Tap and the Post Processing screen will open.

Note: If you are currently connected to the RTK base or rover
receiver, you will not be allowed to enter the Post Processing screen.

If you tap when connected to the RTK base or rover,

Survey Pro will check the receiver to see if it is currently logging
data. If it is, you will be prompted if you wish to stop data logging on
this receiver. If the receiver is not logging data, you will be prompted
if you wish to clear the RTK setup so you can set this receiver as a
post processing only receiver.

3. Select the desired Recording Interval.

4. Choose Start Static if you want to configure a receiver to record
raw data at a stationary setup. Choose Start Stop/Go if you want
to configure a receiver to do stop and go data collection.

Static Data Collection

1. Choose if you wish to store point in: Receiver and job file or the
Receiver file only. If you choose to store the point in Receiver and
job file, then the Point must be a unique point name in the Survey
Pro job and you will be prompted to put the point on the
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autonomous layer. If you choose to store the point in the Receiver
file only, the Site ID can be any valid name for the receiver and you
are not prompted for layer or attributes.

2. Enter a Description for this point.

Note: If the Site ID or Description is not valid for your model of
receiver, you will be prompted to modify them.

3. Tap [Set HR| to select an antenna type and enter the slant or
vertical measurement.

4. Tap to send the current station and antenna information to
the receiver. This button may be renamed or disabled depending
on the receiver model.

5. Tap when you are finished recording data. This closes
the current recording session and file on the receiver. If using a
receiver that supports file downloads, a prompt will open asking if
you want to download the file to the data collector.

Stop & Go Data Collection

1. Choose if you wish to store point in: Receiver and job file or the
Receiver file only. If you choose to store the point in Receiver and
job file, then the Point must be a unique point name in the Survey
Pro job and you will be prompted to put the point on the
autonomous layer. If you choose to store the point in the Receiver
file only, the Site ID can be any valid name for the receiver and you
are not prompted for layer or attributes.

2. Enter a Description for this point.

Note: If the Site ID or Description is not valid for your model of
receiver, you will be prompted to modify them.

3. Tap [Set HR| to select an antenna type and enter the slant or
vertical measurement.

4. Enter a Duration for this session. If you enter O or if you check Log
Until Stop, the session will continue until you tap .
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5. Tapping [Apply] / will send the current Site ID and antenna
information to the receiver to update the session in progress. If
you are storing the point in Survey Pro, you will be prompted for
the autonomous layer and attributes (if set) at this point.

Note: When connected to certain receivers, this button will be

labeled when roving and with occupying.

6. When you are ready to move to a new point, tap . Once you
have occupied the new point, tap .

Note: If you are using this screen with the current RTK rover,
you can store points only on the receiver’s file. To store points in
the receiver and in Survey Pro, use a regular RTK data collection
routine and set the raw data setting to include + Rx.

7. When you are finished collecting data and want to close the file,
exit to the Main Menu and tap Survey | End GPS Survey.

Office Procedure

1. Use the software supplied by the receiver manufacturer to
download the files from receiver or the data collector onto your
PC.

2. Use your GPS baseline processing software to combine the raw
data from different receivers and generate GPS base lines.

Note: See the documentation supplied with your PC software for
details on downloading and processing GPS raw data from the
receiver’'s internal memory.
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Projection Utilities

Survey Pro has a number of tools to help you work with map
projections and coordinate system. This section describes the Adjust
with Projection wizard and the Projection Calculator tools.

Adjust with Projection

The Adjust with Projection wizard is used to adjust job file points
from one coordinate system into another. Any time you change the job
file coordinate system, the Adjust with Projection wizard will run the
job file points through the adjustment and show you a preview of the
results. When you accept the results, the coordinate system is
updated, and the point coordinates are updated in the job file.

The Adjust with Projection wizard can be opened in three different
ways: Updating the localization adjustment or ground site
parameters; Changing the coordinate system zone or site; Manually
selecting points using the Adjust with Projection wizard opened from
the Survey menu when in GPS mode.

e When you update the localization adjustment or ground site,
Survey Pro will automatically calculate the adjustment to all of
the effected job file points and open the Adjust with Projection
Results screen. When you tap to accept the change, Survey
Pro will update the job coordinate system and apply the
adjustment to the points. This behavior is the result of the
following functions in Survey Pro: Solve Localization wizard,
Remote Elevation, Setup Ground Coordinates wizard.

e When you change the coordinate system, Survey Pro will open the
Adjust with Projection Prompt Adjust screen. This screen
displays details about the nature of the coordinate system
changes between the old and new system. You can choose to
proceed with the adjustment, or to not adjust points. If you choose
not to adjust points, the coordinate system is updated, but no
point coordinates are changed. If you choose to proceed with the
adjustment, Survey Pro will show the Preview screen, and update
both the coordinate system and the points in the job file when you

tap . This behavior is the result of the following functions in
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Survey Pro: Select Coordinate System, changing horizontal
projection mode on the Job > Settings > Projection screen.

e When you go to the Survey > Adjust with Projection screen,
Survey Pro will open the Adjust with Projection Select Points
screen There are two different methods to adjust points.
Depending on your choice, you will select the source and
destination coordinate systems, the adjustment will be calculated,
and Survey Pro will show the Results screen. When you tap
, the point coordinates will be updated, but this routine will

not change the coordinate system settings.

Adjust with Projection — Select Points

The Adjust with Projection Select Points screen is used to select job
file points for adjustment, and to choose which type of projection
adjustment to apply. The Select Points screen is the first step of the

wizard when opened from the Survey menu. There are
two different adjustment modes, each with two options
to adjust points:

Source to Destination Projection: Use this mode when
you wish to update the plane coordinates of points by
choosing two coordinate systems from the database. The
source coordinate system defines the current locations
and the destination coordinate system defines the
resulting locations. There are two options in this mode:

Adjust all selected points: use this option to adjust all
selected points. Points with geodetic coordinates will be
transformed into the destination coordinate system
using their WGS84 values. Points with plane only
coordinates will be transformed into temporary WGS84
coordinates using the source coordinate system, then

ZiF | Adiust with Projectio &7 4x )

20 points selected

%
Tap Points... % H E

rSource to Destination Projection —
() adjust all selected paints

(3 adjust only geodetic paints

rReadjust with Current Projection —

) Geadetic To Plane
{Hold LLH | Adjust KEE)

{3 Plane To Geodetic
{Hold MEE | Adjust LLH)

e 2 f =8

transformed into new plane locations using the destination coordinate

system.

Adjust only geodetic points: use this option to adjust only selected
points with geodetic coordinates. Points with geodetic coordinates will
be transformed into the destination coordinate system using their

WGS84 values.
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Readjust with Current Projection: Use this mode when you wish to
update locations using the current coordinate system. There are two
options in this mode:

Geodetic to Plane: use this option when you want to update the
plane location of all points with geodetic coordinates. The WGS84
value of any selected point with geodetic coordinates will be
transformed into a new plane value using the current coordinate
system.

Plane to Geodetic: use this option when you want to update the
geodetic locations of all selected points. The plane value of all selected
points will be transformed into a new WGS84 value. Any points that
already have geodetic coordinates will be updated. Any points that
were plane only will become geodetic points.

e Select points for adjustment.
e Choose the adjustment mode and options.

e Tap Nex

Adjust with Projection — Select Coordinate System

The Adjust with Projection Select Coordinate System screen is used
to select the source and destination coordinate system when your
adjustment mode is Source to Destination Projection, or to view details
of the current projection when your adjustment mode is Readjust with
Current Projection. This screen is only used when the wizard was
opened from the Survey menu. This screen is similar to the Select
Coordinate System screen (Page 250), with the following additional
controls:

Source / Destination Projection Record: is where you select what
kind of record to select from the database. Along with the zone and
site choices, you can also choose to use the Current Projection.

: opens the Projection Details screen where you can view the
parameters of the coordinate system.

1. Select the type of record to use.

2. Select the record from the database, or use the current job file
record.

3. Tap .
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Adjust with Projection — Prompt Adjust

The Adjust with Projection Prompt Adjust screen is only shown when
the wizard opens automatically when you change the coordinate
system. This will be the case when you select a zone or site using the
Select Coordinate System screen, when you change or remove the
geoid using the Select Coordinate System screen, or when you change
the horizontal projection mode on the Survey > Projection screen.

The Prompt Adjust screen describes the difference between the two
coordinate systems, and gives you the option to adjust or to not adjust
the job.

1. Choose to Adjust job with new projection or Do not adjust job.

e If you pick Do not adjust job, then the

3 | ndjust with Projectio & «x ()

button is hidden and the Done| button shows. @) Adiust job with new projection
i Adiust Horizontal and Vertical
Tap to update the coordinate system but @ Aciust ol ponts

not change any job file points.
{7y &djust only points with geodetic

e If you choose to Adjust job with new projection, you coordinates
may have the choice to Adjust all points or to ) Do naot adjust job
Adjust only points with geodetic coordinates. These |[== Projection readjust with select new
two cases are described in the Select Points

== Readjust Transformer Method

section. The criterion used to determine if this - H: Readjust from prajection Oregan
choice is allowed is based on the nature of the Horizontal locations will be updats
change between the current and the new e E,Zfﬂgﬂ;;g;“oﬁrﬁﬁ’ﬁfﬂ;ﬁg39
coordinate system. This may be different for the l ] [ [r
horizontal and vertical dimension. The title of
the box will indicate the dimension considered o % =

for this setting.
2. Tap to open the Preview screen.

Adjust with Projection — Results

The Adjust with Projection Results screen is used to preview the
results of the adjustment before anything is applied to the job file.
The default view is to list the action and results only for points that
will be updated in the adjustment. You can tap Show all points to
update the list to show the reason unchanged points are not adjusted.
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1. Review the results.

The following points would be :

updated: 2. Tap to update the job.

Marme |Acti0n -

rewz  Adjusted from source NEE. . .

2 Adjusted from source NEE. PrOJ eCtlon Calcu |at0r

el Adjusted from source MEE. |_

‘5‘1 igﬁigg ggm aurce EEE You can use the Projection Calculator to calculate

52 adiusted from source NEE. | combined scale factor for scaling conventional distance
new3  Adjusted from source NEE. measurements to the mapping plane. You can also use
54 Adjusted from source NEE. the Proi . calcul lcul idi

o= adiusted from source NEE. [ e Projection Calculator to calculate meridian

T =TS convergence for reducing geodetic azimuths (such as a

[ ] Shaw all paints

sun shot) to grid bearings.

| < Back | | Apply |

e 7 0

&= Scale Factor Calculator

1. Go to the Survey > Projection Calculator screen.

Choose a point on the mapping plane for scale computation in the
Select Point control. Tap [Solve Scale>|.

Enter a height to compute Ellipsoid Scale Factor. This calculation
uses the height of the point above the ellipsoid to correct for the
effect of the terrain above the reference surface.

Tap to calculate the combined scale factor with the
selected values. The combined scale factor is displayed in the
Ground to Grid box. The inverse combined factor is displayed in
the Grid to Ground box.

Tap when you are done. Both numbers are saved in the
Past Results list so you can use them in other calculations.

Convergence Calculator

1.
2.

Go to the Survey > Projection Calculator screen.

Choose a point on the mapping plane for convergence
computation in the Select Point control. Tap |So|ve Rotation>|.

The convergence and rotation are calculated. The convergence is
displayed in the Geodetic N to Grid N box. The rotation is
displayed in the Grid N to Geodetic N box.
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4. Tap when you are done. Both numbers are saved in the
Past Results list so you can use them in other calculations.

Bluetooth & Windows
Networking

Survey Pro supports Bluetooth wireless communication on data
collectors with built-in Bluetooth to communicate with Bluetooth-
enabled total stations, GPS receivers and cellular phones (for use as a
modem when using VRS). This chapter explains the initial setup
required in the Windows operating system, outside of Survey Pro, to
use these devices with Survey Pro.

Bluetooth Limitations

Bluetooth can be thought of as a short-range radio link. As with any
radio link of this type, communications can be interrupted by a
number of reasons, including, but not limited to:

e The operating range between the devices is exceeded. (The
Bluetooth range is limited to approximately 10 meters in
ideal conditions.)

e Another powerful radio signal is broadcast near an active
Bluetooth device.

e An object, such as your body, physically blocks the radio
signal.

If the Bluetooth signal is lost, move the Bluetooth device closer to the
data collector or try to eliminate the source of interference. The
connection will then usually be reestablished automatically.

Note: The operating system resets the Bluetooth connection when the
data collector is powered on. If the data collector is powered off while
using Bluetooth, you should wait at least 10 seconds after powering it
back on before using any function where Bluetooth communication
will occur. This is to allow enough time for the Bluetooth connection
to reset.
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Warning: It is not recommended that Bluetooth communication be
used while logging GPS data to use for post processing. This scenario
requires constant and reliable communications between the data
collector and the receiver, which can only occur when using a
communication cable.

Bluetooth Setup in Windows

This section describes how to enable Bluetooth in Windows and create
a partnership with the device the data collector will communicate
with.

Bluetooth can only be used when the data collector and peripheral
hardware have Bluetooth built in and the hardware is explicitly
supported by Survey Pro.

Activate Bluetooth in Windows
Bluetooth must be enabled on the data collector before it can be used.

1. Exit Survey Pro if it is running to return to the Windows
operating system.

2. From Windows, tap &7 > Settings > Connections >
Bluetooth > Mode and check the Turn on Bluetooth
checkbox. (It is not necessary to check the Make this

Turn on Blustooth

devices

device discoverable... checkbox unless you want other

[] Make this devics discoverable to other devices to be able to detect your data collector for

non-data collecting functions.)

Discover and Bond with New Bluetooth Devices
Before you can use any Bluetooth peripheral with Survey
Pro for the first time, the device must be paired with the
data collector.

1. Exit Survey Pro if it is running to return to the
Windows operating system.

Mode | Devices | COM Ports |

2. Power on your peripheral hardware and be sure
Bluetooth is activated and discoverable on that
device. Also be sure you have the Bluetooth passkey available if

applicable.
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3. From Windows, tap £% > Settings > Connections >
Bluetooth > Devices. With the peripheral hardware
positioned within a few meters, tap New
Partnership... to search for Bluetooth devices.

4. Once the search is complete, all discoverable
Bluetooth devices in the area will be listed. Tap the

device you want to add and then tap .
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f .‘ Settings

Enter Passkey a

Enter a passkey to establish & secure
connection with TE10,

123]1]2[3]4][5]e[7[8][9]0]-[=[*

Tab[a[wle[r [ty u]iJo][p[L[]]
cAPla[s|d[f[a[h[ilk[I[:]"]
shitt z[x[c[v[b][n]m[,[. ][]+
ctfai] " [\ ] MEEE

Back

Partnership Settings e

Display MName: |TE| 10 |

Select services to use From this device,

[J=erial Port
Dialup Metworking

Finish

GPS Module

If connecting to a GPS receiver or a total station,
enter the Bluetooth passkey if there is one or leave
the field blank if no passkey is required and then tap

and skip to Step 7.

If connecting to a cellular phone, enter any passkey
that is 3 characters or longer and then tap and
continue to the next step.

Look at the cell phone. It will ask if you want to add
the data collector to your devices. Answer [Yes] and
then enter the same passkey using the cell phone's
keypad.

Enter a display name for the new device or use the
default name. If services are listed, select Serial Port
if connecting to a total station or GPS receiver, or
select Dialup Networking if connecting to a cell phone

and then tap .

Repeat the above steps to add any other Bluetooth
device that you want to use with Survey Pro.

Tap &5 > ff Survey Pro to return to Survey Pro.
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Bluetooth in Survey Pro

To configure a Bluetooth-enabled total station or GPS receiver to
work with Survey Pro, perform the following steps from within

Survey Pro:

1. Go to Job > Settings > Instrument, and edit an existing instrument

profile or create a new one.

2. Select Bluetooth in the Serial Port field and confirm
the correct Bluetooth peripheral is selected in the
Device field.
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Windows Networking

Survey Pro supports the use of a cellular phone as a modem to
communicate with an NTRIP server when using VRS.

Before using VRS for the first time, it is necessary to setup Windows
Networking and configure Survey Pro to use a cellular phone as a
modem.

Windows Networking Setup

The steps below explain how to configure Windows Networking and
set up Survey Pro on a data collector that has built-in Bluetooth to
communicate with a cellular phone as a modem either via Bluetooth
or a communication cable.

If communicating with the cellular phone via Bluetooth, it is assumed
you have already gone through the process of discovering, adding, and
bonding with the phone as described starting on Page 317.

1. From the Main Menu, go to Job > Settings > Receiver.

2. With the desired remote receiver activated and selected, tap
|Receiver Settings...|.
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3. Tap Rx Settings...|

Name |HiPer |

Brand: |Topcan TPS -

Madel: |HiPer -|

DC Port to Receiver: [Blustooth ~

Bluetooth Receiver:

[384-3841 (0016414379431 ~]

| Defaults | | Bluetooth... |
| Refresh List | I RBx settings... |
& Q9 1

£ 10:35 4. With the card selected,

Brand: Topcon TPS
Model:  HiPer Rover.

Receiver Mode:
MNTRIP Rower -

Elevation Cutoff; degrees
[ set Rx. to OFF Mode |

Recaiver |Data Modem | Gereral | 5. Select the
& 0 9 I Modem| card.

6. Tap |Manage Connections|. (This will temporarily exit
Survey Pro and access the Windows' &7 > Settings >
Connections > Connections screen.)
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7. Under My ISP, tap Add a new modem connection.

/ ¢ | settings oF 42 10:36 [ok

Connections e

My ISP
add & new modern connection

Manage existing connections

My Work Network
&dd & new moder connection
Add & news WPM server connection

Setb up iy prowy Server

Tasks | Advanced |

8. Enter a name for the new connection in the first field

/ 4 | settings ot 45 10:37

Make New Connection @ e If communicating with the phone via

Enter a name Far the connection: Bluetooth, select Bluetooth in the second field
[celular Phane | and then tap and continue to the next
Select a modem: step.

[Blustaath -

e |If the phone is connected to the data collector
with a cable, select Hayes Compatible on
COML in the second field and then tap
and skip to Step 10.

Cancel n Mext
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9. Select the phone you added during the Bluetooth
discovery and bonding process as described in the

User's Manual and tap .

s

o =% 10:38

f - Settings

Cellular Phone

2]

Enter the number exactly as it should be
digled. Include any extra numbers, such as
an outside line or credit card,

*oo#

If wou travel or change area codes often,
use dialing rules,

Back Next

il

11.

j'l. ¥ Settings

s

oF 45 10:37

My Connections

Select the Bluetooth device vou want to use
ko connect bo a nebwork, Tap Mew to add a
new device,

= Partnershiﬁ...

n He:-ct

Back

. Enter the number provided by

your cellular phone company used
to access online services and tap

[Nexd|

If your cellular
phone company
requires a user name
and password to
connect to online
services, enter them

in this screen, otherwise leave the fields in this

screen blank and tap .
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User name: | |

Password: | |

Damnain: ™ | |

* If provided by ISP or network, administrator,

T Finish
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Al

7 ; | settings T ) 12. Tap X to close this screen and return to Survey Pro.

Connections e

My ISP
add & new modern connection
Manage existing connections

My Work Network
&dd & new moder connection
Add & news WPM server connection

Setb up iy prowy Server

Tasks | Advanced |

! ; | R Settings o € 10:41 13. St_alect the newly-created cell phone modem for the
- Dial-Up Connection. Enter the IP Address of Base and
Data Modem:  [Windows Networking - Port for your VRS service provider and tap & > @& >

& to return to the Main Menu.

Dial-Up Connection:

|CeIIuIar Phone v|

|Manage Ennnectiuns“ Refresh |
IP Address of Base:
|65.125.21.54 |

Port (Socket) of Baze:

2311 |
|Receiver | Data Madem W
0 9
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Starting a Survey with VRS

The following steps explain how to start a survey with VRS after any
necessary Bluetooth steps have been performed and the Windows
Networking configuration is complete. From the Main Menu, tap
Survey > Start GPS Survey.

1. Tap |Use Remote Base >|.

Start Survey Wizari 47 4< 6:07

rSurvey Pro Base Point :

Mo base set, Start with a new base
or rernote base,

| Use Current Base =

rSet new base :

Connect to a GPS receiver and set it
as an RTK base.

Set New Base >

rUse remote base station :
& base is dready set and
broadcasting RTE corrections.

| Use Remote Base = |

© 7 =

2. Confirm your rover receiver is selected and then tap [ [Feewrr s S, S EFme:

. The phone should begin dialing the Select RTK Rover:

server.

|create New Receiver... |

| Receiver Settings |

Tap Bluetooth if you wizsh to et the
rover receiver as the favorite device,

| Bluetooth ... |

Using Eluetooth to talk to the rover
receiver, Tap Connect when you are

ready.
| Connect = |
o ? B[
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Select an NTRIP service:

Service Mame

Chi3 (v < Mety
RSRTCMZ, d MNet

v

B VRSCMRplus_Password  RTK Metd |
P i MearestBasethRly Sinle Bai ™
[l ] [ 3
LIser Marne:
|name |
Password:
|password |

Save User name and passward

D 7 =18

GPS Module

3. Once connected, tap the desired NTRIP service.
Enter your User Name and Password, if the selected
service requires them and then tap . You
can now complete your GPS setup.

Hanging Up and Redialing a Cellular Phone

GPS Status & oz Bidd

Receiver Mode:  OFf
Solution: Autonomous

Signal Latency:

Modem Reception:
Leception: No data from radio

| Dial | | Hang up |

Receiver | ral Modem | Sky View”i »
Q ¢ =]

From the Main Menu, tap Survey > GPS Status > m

card > . You should double-check that

the call has indeed ended by confirming the networking
icon has disappeared from the cell phone screen.

Tapping will attempt to reconnect to the last
connection made, including selecting the same NTRIP
service, if applicable.
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Basic GPS Module

Survey Pro can be sold with either the Basic GPS module or the
standard GPS module. This section outlines the procedures for using
Survey Pro with the Basic GPS module. If using the standard GPS
module, refer to Page 265. In this section, you will learn:

» How to configure communication with the receivers.
» How to configure an RTK data modem link.

» How to use the Start Survey Wizard to start the RTK base
and rover.

» How to use the Start Survey Wizard to collect GPS control
and solve a localization adjustment when one is required.

» How to move the base with the Traverse Base workflow.

GPS Receiver Connections

Before RTK or post processing data collection can take place, you
need to configure how the data collector will communicate with the
rover receiver and the base receiver or cellular phone.
Communication between these devices can be done with serial cables
(wired) and/or Bluetooth (wireless).

The Basic GPS module is ready to use out of the box if communicating
with the base and rover receiver using a serial cable. If you wish to
use the Bluetooth dongle for either the base or rover, you can use the
Bluetooth Setup Wizard to automatically discover and configure the
software. If you need to change back and forth between serial cables
and Bluetooth, you can use Job > Settings > Connection >

|Change Settings...| as described in the steps below.

Note: Only data collectors with built-in Bluetooth can communicate
with GPS receivers using Bluetooth.
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Serial Connection

These steps describe how to configure the software when connecting
to the receivers with a serial cable. This is the default setting and

does not need to be configured unless it was changed.

1. If communicating with both GPS receivers using
serial cables, tap |Change Settings...| from the Job
> Settings > Connection screen.

Note: You could alternatively run the Bluetooth Setup
Wizard and when no Bluetooth receivers are detected, a
serial connection will automatically be selected.

Current Connection Settings:
M Rover: Serial Cable

# Base:  Serial Cable

| Change Settings... |

2. Select Serial for both the Rover and Base receiver
and tap @ to finish.

330

| Bluetooth Setup Wizard... |

Cannections |RadiD Settings | Meaﬂ 4
@ ? I

Rover:

() Serial

) Bluetooth

Base:

() Serial
3 Bluetoath

I Windows Bluetooth Settings... I

| Verify Bluetooth Choices... |

@0 7 7 )
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Bluetooth Connection

f .'. Settings

Current Connection Settings:
M Rover: Serial Cable

# pase:  Serial Cable

| Change Settings... |

| Bluetooth Setup Wizard... |

Cannections |RadiD Settings | Meaﬂ 4
S0 7 1

Survey Pro will now scan for
Bluetooth receivers in the area,

Fleaze make sure your EPOCH 25
receivers are powvered on and wour

EPOCH Blustooth Adapters are fully
secured to COMZ,

e 7 7 I

1. If communicating with one or both GPS receivers
using Bluetooth, tap |Bluetooth Setup Wizard...|
from the Job > Settings > Connection screen.

2. Be sure your GPS receivers are powered on and
the Bluetooth adapters are attached to COM2 on
the EPOCH 25 and tap [Scan >|
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3. The scan should locate only valid receivers. Tap

o £ 9:30
Next >| to continue.

,‘r"." I Bluletuuth Setué ()

Finished Bluetooth Scan

Receiver | Type
? BtRx01120 (D00SACO3S... Rover

4. The final screen displays the current connection and allows
you to switch between Bluetooth and Serial if possible. If a
particular Bluetooth receiver was not detected, it will
automatically be configured to connect with a serial cable.

Tap to complete the wizard.

* £ 9:32

,‘r"." I Bluletuuth Setué =) -

Choose Rover Connection:

BtRx01120
Serial Cable

Choose Base Connection:

Serial Cable

| < Back | ‘ Finish ‘

@ ? I

A
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RTK Data Modem Configuration

This section explains how to configure the type of data link to use
between the base and rover. This is either base to rover RTK GPS
using a radio modem, or Internet delivered base corrections using a
cellular phone as a data modem.

Using a Radio Modem

Using a radio modem as the data link from base to rover is the most
common configuration.

/ 4 | settings 1. Select Base/Rover Radio RTK.

2. The Use CMR Station Index should be checked in
situations where more than one base is in range
of the rover, allowing it to distinguish one from
the other. Enter a unique value from 0-31 in the
corresponding field.

(W) Base/Raover Radio RTK
) Intermet (Single Base/NTRIP) RTE

Use CMR, Station I:l
D Index:

| Change Radio Settings |

Connections | Radio Settings |Mead <[ »
& 0 7 2 I

¥ |radio Settings &3 dx 2:52

3. Tap [Change Radio Settings| if you need to

rCurrent Settings

Charrel: 9 configure the radio. The current settings are
Sensitivity:  Medium displayed in the upper portion of the screen.
Baud: 9600 Make any necessary changes in the lower
Parity:  None portion of the screen and tap to send the
changes to the radio.
rConfigure:
Channel: |9 v|
Sensitiity: |[Medium -]

o ? B~ 333
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Note: some settings on the radio cannot be modified with Survey Pro.
To fully program the radio modems, you need to PC software that

should be supplied with the radio.

Using a Cellular Phone

1. Open the Job > Settings > Connection screen and
select the Internet (Single Base/NTRIP) RTK radio
button.

Enter the Network IP and Network Port for the
connection.

If a Dial-Up Connection already exists, select it in
the corresponding field and tap € to finish and
skip the remaining steps. If one needs to be
created tap |Manage Connections| to continue.

2. Under My ISP, tap Add a new modem connection.

334

f.'. | S%ttings

() Base/Raover Radio RTK
(®) Internet (Single Base/NTRIP) RTK

Dial-Up Connection:
| ]

| Manage Connections |

IP Address of Base:

Port (Socket) of Base:

Connections | Radio Settings | Mead 4] »
& 8 7 2 |

Connections e

My ISP
&dd & new moder connection
Manage existing connections

My Work Network
add & new modern connection

Add & neve WPR server conneckion
Seb up my proxy server

Tasks | Advanced




,r‘-. I 5ettlings

S o o 2:37

Make New Connection e

Entet a name For the connection:

[Te10

Select a modem:

|Bluet00th

Cancel n Mext

f' I Sett.ings

O o o 2:37

My Connections

2]

Select the Bluetooth device you want to use
to connect to a network, Tap New ko add a
new device,

Mesy Partnieeshio, ..

Baci( “ N.e:ut

Basic GPS Module

3. Enter a name for the new connection in the first
field, select Bluetooth in the second field and then

tap and continue to the next step.

4. Confirm the Bluetooth cell phone that you want
to partner with is turned on and Bluetooth is
enabled and then tap New Partnership. The data
collector will perform a scan for any nearby
Bluetooth devices and list them on the screen
when finished.
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5. Select the cell phone you want to partner with

/ ¢ | settings &t 45 12:14

and tap ' Select a Bluetooth Device e
Select a device to connect with and tap
Mext,
(7)001641677650
Meptune 20
(F)BtRx01119
T30
TE10
Eanclel n Nle:-ct
- - F g A T s
6. If the partnered device requires a passkey, enter |5 |5'=tt_'"95 o 4L 12:54
it here, otherwise leave it blank and tap Nexﬂ. Enter Passkey L2
When partnering with a cell phone for use as a Enter a passksy to establish a secure

data modem, you typically enter any key that is 3 | “meon v BRI,

characters or longer and then enter the same key
when you are prompted on the phone from the
phone's keypad.

Baci( “ N.e:ut
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/ g | Settings & 4£ 1:00
Partnership Settings e
Display Marne: |T610 |

Select services to use from this device,

[]serial Part
Dialup Metworking

Back n Finish

/ 4 | settings Fedl Y

My Connections 9

Select the Bluetooth device you want to use
to connect to a network, Tap New ko add a
new device,

= F‘artnershiﬁ...

Backﬂ “ ;le:ut

Basic GPS Module

7. Check the Dialup Networking checkbox and tap
Finish| to continue.

8. Select the cell phone you just added and tap

[Nexd|
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9. Enter the number provided by your cellular
phone company used to access online services

and tap .

10. If your cellular phone company requires a user
name and password to connect to online services,
enter them in this screen, otherwise leave the

fields in this screen blank and tap .

338

HU ISettings oF o4z 10:38

Cellular Phone e

Enter the number exactly as it should be
digled, Include any extra numbers, such as
an outside line or credit card.

oo

If wou travel or change area codes often,
use dialing rules.

Cellular Phone e

User name: | |

Password: | |

Domain:* | |

* If provided by ISP or network adrinistratar,

Back T —



f .‘.’ Settings

Connections e

My ISP
add & new modern connection

Manage existing connections

My Work Network
&dd & new moder connection
Add & news WPM server connection

Setb up iy prowy Server

Tasks | Advanced

Basic GPS Module

11. Tap [ to close this screen and return to Survey

Pro.

Basic GPS Start Survey

To start a survey with the Basic GPS module, plug in the serial cable
or connect the Bluetooth dongles and tap Survey > Start GPS Survey.
The software will walk you through the rest of the process, which will
be determined by the type of modem data link you are using and

which receiver you are connected to.

When connected using a serial cable, the software will detect if you
are connected to the base or rover and start the set base or set rover
workflow accordingly.

which receiver do yol want

When connecting by Bluetooth, you will be asked which
receiver you are connecting to since a connection could

th Connect to? possibly be made to either receiver.
[Rover | [ Base | The different pages of the Start Survey wizard are

described below individually. After that, the sequence of

pages is described for different workflows.
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Start Survey — Connect to Base and
Rover

Set Up Base

1.

On initial connection to the base, the base
position is recorded until we get a stable average
of 10 epochs. Once we have an average
autonomous base position, follow the instructions
on the screen by entering an antenna height. If
you plan to do post processing data collection in
the base receiver, select a recording interval,

otherwise leave it set to Off and tap .

Once the base autonomous position is known, the
job file is searched for a matching point. Any
possible matches are considered eligible base
points. The Setup Base Point screen will be in

one of three states:

Autonomous
Sw: 10 HRMS: 2.35

Solution:
Radio: 0%

Base Receiver i
Base is ready to set.

Check the antenna height then tap
[Mext=].

Base Antenna: EPOCH L1/1L.2 —— Ef
Measure To:

|BDttDm of antenna mount

v|

Measured: 3

Serial #:

Post Processing
Recording Interval:

-

1 sec

| Nex=t = |

i

‘'w ; 2 : :

Solution:  Autonomous Solution:  Autonomous Solution: Autonomous

Radio: 0%  SW: OF HRMS: 11.77 Radio: 0%  S4: OF HRMS: 16.70 Radio: 0% SW: 06 HRMS: 4.08

Select Base Point ] | Select a Base Point ] | Select a Base Point ————

(®) Base is set on a new job paint. Found base point at: Base matches one of these points:

{3 Base is set on an existing job paint. 1 |1 hd
9 Base Point: |6 |[+] | L Change = |

| < Back | | MNext = | | < Back | | Next = | | < Back | | Next = |

® 7 7 1@ 2% =2 1@ % 1

No matching base found

340
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3. Fillin the screen and tap . The base point name and
the precise geodetic coordinate of the base are noted in Survey
Pro. If you are doing post processing at the base, the station
name, description, and antenna height are then sent to the
file on the base receiver for post processing.

Set Up Rov

Solution: Fixed
Radio: 100%% SY: 10 HRMS: 0.09
Rover Receiver —mmmm ?

Rover receiver is ready to set.
Check the antenna height then tap
[MNext =].

Rover Antenna: EPOCH L1/12 — EE
Measure To:
|BDttDm of antenna maount v|

Post Processing
Recording Interval:

Serial #:

Q7 7

er
4.

You are prompted to connect to the rover receiver
or will be automatically connected if using
Bluetooth. Once you connect to the rover, it will
begin to monitor the data link for the base
corrections. You are then prompted to enter the
rover antenna height to proceed with the setup.
If you want to do post processing data collection
with the rover receiver, select a recording
interval, otherwise leave this set to Off.

The button at the bottom right of the screen will
say any time this is a remote rover setup,

or if you have set the base but the projection is
not fully set and solved for this survey. The

button will say if you have set the base
and the projection is solved.

a. On :

i. If the base was not set with this wizard, takes
you to Setup Remote Base screen (Page 343).

ii. If the base was set with this wizard, writes
the base and rover setup raw data, and takes
you to Solve Projection routine (Page 344).

b. On : Writes the base and rover setup raw data,

sets the rover receiver and exits.
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Start Survey — Connect to Rover
(Remote Base or Internet Base)

There are two workflows when you start a survey connecting to the
rover:

e The base broadcasting on a radio is already set and you wish
to start the rover with the remote base. This is the case
where there is more than one rover on a job site, or when you
exit and restart a job and you wish to restart the survey
without traveling back to the base.

¢ You are using the Internet to get corrections.

The workflow below is described for the NTRIP case. The remote
base on a radio is similar to the Set Rover and Setup Remote Base
procedure described above.

Connect to Internet

When Internet RTK is selected in the Job > Settings > Radio Settings
screen, we will always attempt to connect to the rover on the start of
the Start Survey Wizard. After connecting to the rover, we will dial
the Internet and attempt to decode the network type.

After the network type has been decoded, if it is a single base network
without an NTRIP logon protocol, we will go straight to Rover setup,
if it is a NTRIP network, we will go to the NTRIP Services page.

Note: You should not use this routine to connect to a VRS service
that does not use an NTRIP logon procedure. (This workflow is only
supported in the standard GPS module.)
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Select NTRIP Services Screen

Once connected, tap the desired NTRIP service. Enter
your User Name and Password if the selected service
requires them and then tap . You can now
complete your GPS setup.

‘.ﬁrj" Connect to Receive 47 4< 6:34
Select an MTRIP service:

Service Mame Type

;1] WRERTCMS,0_Password  RTK Nety
B VRSRTCMZ.3_Password RTE Wet
M VRSCMRplus_Password  RTK Ret]
4]

nae v SEtUP Rover Screen

] ] [

I

This feature is the same as the Set Rover screen (Page

lJser Mame:
| 341).
Hame |
Passweord:
e | Setup Remote Base
Save User name and password 1. The Setup Remote Base screen can have three
different states, which are the same as the Setup
— Base Point screen described on Page 340.
e 7 =

The button at the bottom right of the page will say

when the projection is not fully set and solved for this

survey. The button at the bottom right will say if the
projection is solved.

2. Verify the correct antenna height is displayed on this screen
and tap one of the following:

e Tap to write the base and rover setup raw data
and advance to the Solve Projection routine.

e Tap to write the base and rover setup raw data,

closes the start survey wizard and opens data collection or
stake out.
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Hanging Up and Redialing a Cellular
Phone

To hang up an active connection, tap Survey > GPS Status

> Ce” MOdem > Han up from the Main Menu. Receiver Mgde: Rover
Solution: Float

If a connection was made previously, the will be Correction

. - . . Faormnat; CMRE +plus
available. Tapping it will attempt to reconnect to the last
connection that was made, including selecting the same Modem Reception:

) . ) Signal Latency:  1.00 sec.

NTRIP service, if applicable. Reception: 100 %

. . mCellModemm
Solve Projection e 7 1

The solve projection routine will appear any time the coordinate
system is not solved. The conditions for a coordinate system not
solved are listed below for Ground TDS Localization mode and
mapping plane mode.

Projection Control Points Status Screen

The Collect Control Points screen appears in one of two states: GPS
Backsight or GPS Resection.

e GPS Backsight: This state exists only in Ground TDS
Localization mode and when the base is set on an existing job
point with accurate NEE coordinates. One additional control
point is needed to orient the setup.

e GPS Resection: This state exists when the base was set on
a new point. A new point is a point that was created from an
autonomous setup.
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Solution: Float Solution: Float
Radio; 100%% SY: OF HRMS: 7.69 Radio; 100%% SY: 06 HRMS: 9.52
GPS Backsight —o0uo GPS Resection —mmm—m————
Ocoupy a known point to create GPS Occupy 2 known points to create GPS
contral to arient the setup, control for the resection,
Occupy Control = Occupy Control =
Base Paint: 1 The local coordinate (WNEElev) of point
- ‘6" will be calculated when you salve the
Use base as a vertical benchmark. P rasecfion.
Start Surveying Now ——Start Surveying Now
Start now and oocupy _ Start now and oocupy
Start Now GPS control later, Start Now GPS control later,
| < Back | | < Back |
8 % 1 I e ? 7 I
GPS Backsight Page Layout GPS Resection Page Layout
1. Tap |Occupy Control >| to open the Collect Control screen (Page

346). This screen is used to select an existing job file point
and initiate an occupation to create a GPS control point,
which will be used to solve the localization.

After each occupation, the screen updates.

When enough horizontal and vertical control is collected, the
wizard advances to the Projection Check Point Status screen
(Page 347).

If you want to start without solving the required resection,

tap |Start Now >|. A temporary localization will be applied and

you can start data collection. You must solve the localization
before the local coordinates are valid. This localization will
not be marked temporary since it was solved with the
minimum amount of control.
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Collect Control — Screen 1
1. Select an existing job file point

/75| Occupy Control Po &} 4(£ 11:39

2. Designate if it is valid for horizontal, vertical, or Choase a point with known local
I coordinates (N, E,Elev) to occupy with
3D control. the rover and create a GPS control

3. Level the receiver over the point and tap + Point: [+l
IStart Control Point Occupation|. This will open the
next Collect Control screen (Page 346) to monitor You can create this GPS control point

the occupation. for horizontal (H), vertical (V), or both
H and V control.

H: This D?'Iﬂt has a good horizontal
(ME} location.

rUse this GPS Control Point For:

\: This point has a good vertical
(Elev) location.

[ start Control Point Occupation ... |

® 7 2]

Collect Control — Screen 2

1. Review the choice of H/V control eligibility. #i%| 0ccupy Control Po & £ 11:41

. rGeodetic Coordinates:
2. Tap to end the occupation. The control Lat: 44933'08.01609" N

point is created in the job file and the raw data is ||ing: 123°16'08.85701" W

recorded. This screen and the previous screen Ht:  55.759
will exit, and you will be at one of two places: rSolution Quality:
Solution: Float
a. If you do not yet have the minimum Num. SV: 9

- . H. Precision: 1.811
amount of control, you will remain on the ||y precision:  2.410

Projection Control Point Status screen -Control Point: — [ Session Time: —,
(Page 344), Use this point for: 0:13
o Horizontal Count Status
b. If you now have the minimum amount of vertical Measuring
control, you will move forward to the
Projection Check Point Status screen |__Accept | | GPS Status |
(Page 347). D @ Z-

346



Basic GPS Module

Projection Check Point Status Page

The Projection Check Point Status screen appears in one of two
states: GPS Backsight, or GPS Resection. The conditions for either
state are the same as the Control Point Status screen.

Solution: Float
Radio; 100%% SY: 09 HRMS: 6.33

Check GPS Backsight:

Ocoupy a benchmmark to create a GPS
contral point to check the setup,

Occupy Check =

Baze Point: 1
Backsight Point; 2

Start Surveying Now

Start Now Start now and check
the setup later,

| < Back |

Q@ 7 7 g

Solution: Float
Radio; 100%% SY: 09 HRMS: 5.95
Check GPS Resection:

Ocoupy a benchmmark to create a GPS
contral point to check the setup,

Occupy Check =

Base Point: 6
Resection Point: 1

Resection Point: 2
Start Surveying Now

Start Now Start now and check
the setup later,
| < Back |

@ 7 2 g

GPS Backsight Page Layout

GPS Resection Page Layout

1.

2.
3.

Tap |Occupy Check >| to open the Collect Check Point Prompt
(Page 348). This screen is used to select an existing job file
point and initiate an occupation to check the localization
solved with the minimum amount, and then create an extra
GPS control point, which will be used to re-solve the
localization and run the blunder detection routine.

After each occupation, the state of the dialog updates.

When enough horizontal and vertical check points are
collected, the wizard advances to the Solve Localization and
Detect Blunders screen (Page 349).

If you want to start without checking the localization, tap

Start Now >|. In this case, the localization solved with the

minimum control points will be set in the job file, and the
projection readjust mechanism will run to update any job
points as required. You must remember, that the solution has
not been checked for quality.
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Collect Check Point Prompt

1. Select an existing job file point.

2. Designate if it is valid for horizontal, vertical, or

3D control.

Level the receiver over the point and tap
|Contro| Point Occupation|. This will open the

Collect Check Point screen, below, to monitor the
occupation.

Collect Check Point Screen

348

1.

=+ Paint:

contral point to check the setup.

] I 2

Use This GPS Control Point For:

H: This point has a good horizontal
o[RS |
(ME locatian,

Wi This point bas a good vertical
(Elev ] location.

| Start Check Point Occupy ... |

o 7 -

Examine the errors. Only the errors for the dimensions you
specify for this control point (2D/1D/3D) will be shown.

Tap to finish the occupation. The control
point is created in the job file and the raw data is
recorded. This screen and the previous screen
will exit, and you will be at one of two places:

a. If you do not have one extra H or V point
for the localization check, you will be
back at the Check Points Status screen
(Page 347).

b. If you have the required H and V points
for the check, the wizard will advance to
the Solve Localization and Detect
Blunders screen, below.

}'..'l Check l:u

Motthitg:
Easting:
Elevation:

rLocal Coordinates:
5,000,473
5,000.888
101.725

rSolution Quality:
Solution: Float

MU, 54 o

H. Precision:  2.272

W, Precision:  3.067

rErrors: Session Time: —

dd: 0.473 0:08

dE: -0.112 Count Status:

dEl: 1.725 Epochs: 9

| accept | [GPs status |
X ? =2 1
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Solve Localization and Detect Blunders

Detected blunders with the
GPS Backsight. Do you want
to automatically change the
GPS contral point list to

rernove blunders?

Before this page is opened, the localization is solved using
all the control points, and then the automatic blunder
detection routine runs to detect low quality control points.

If Yes is displayed in the H or V column, it indicates the

Radio: 0%

Sy 00

Solution:  Autonomous

corresponding control point will be included in the

HRMS: 99.00 horizontal or vertical localization solution, respectively.

GPS Backsight
Control points are not spaced evenly,
blunder detection can not run, Tap
[Firish] to apply armyoeeay,

«| This can be toggled between Yes (included) or blank (not
included) by tapping on it. If the blunder detector
detected any poor quality control, it will automatically
turn off that control before this screen opens. See Page R-

4 Yes
CORY  ves

Ves
Ves

Ves

M Err

112...
1,81,

E Err

-36.44
-1,29)

= | 288 for more information on evaluating the localization
parameters displayed on this screen.

<[

The possible outcomes of the solve localization and

]

[»

blunder detection are:

| Occupy Additional Check Point ... |

| < Back

Finish

e Green Light: If the localization solved and no
| blunders were detected, you will see a green light

Q7

y

1 and the status line will show the root mean

squared (RMS) error of the horizontal and vertical solution.

Yellow Warning Triangle: If the localization solved and no
blunders were detected, but some of the points used have a
large residual error, you will see a yellow triangle and the
status line will show the point with the largest horizontal
and/or vertical residual.

Red Stop Sign: If the localization solved, and blunders were
detected that could not be clearly identified, or if you were
prompted to remove blunders and you said no, then you will
see a red stop sign and the status line will indicate there are
possible blunders in the solution.

Yellow Arrow: If the localization solved, but the control
points are not spaced far enough apart to run the automatic
blunder detection, then you will see a yellow arrow, and the
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status line will indicate the poor geometry of the control
points, or if the localization fails to solve, you will see a yellow
arrow and the status the status line will indicate the failure
to solve the localization.

Tapping will apply the localization. If any of the horizontal or
vertical control toggles are changed in this screen before tapping
Finish|, the button will change to Resolve|, allowing you to re-compute

the quality before tapping .
Tapping |Occupy Additional Check Point| opens the Occupy Control

screen, which allows you to collect another control point and add it to
the localization solution.

Localization Quality of Solutions

When solving a localization using the Basic GPS module, Survey Pro
will employ several mechanisms to ensure a quality solution.

e Prompting For Extra Control Points: The Basic GPS
start survey work flow compels you to gather the minimum
number of points to solve the localization, and then it prompts
you to gather one more control point to be used as a check.
This step provides the redundancy required to verify the
guality of the solution.

e Checking Control Point Relative Distance: Before
running the automatic blunder detection routine (described
below), the relative distance between control points is
checked. If control points are not spread far enough apart
relative to each other, then the blunder detection will not run
before solving the localization with the specified control
points, and a message will appear in the results area of the
localization screen. This is a good indication that the control
points will not be spaced evenly around the survey are and
maybe additional control points are required for this site.

e Automatic Blunder Detection: When the control points are
spaced appropriately, Survey Pro will automatically attempt
to detect blunders with the localization solution. This is done
by looking at al the possible combinations of unique solutions
with the available control points and checking the extra
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control points for closure. This routine will usually identify
the one or two bad points in a control point set, and then
prompt you to automatically remove these points as control
for the localization. If there is an ambiguous result for the
blunder detection, you will be prompted to collect extra check
points to provide the information needed to correctly identify
the blunders.

Localization Parameter Checking: Once the localization
solution is solved, hopefully with any potential blunders
identified and removed, Survey Pro will do one last
automated check for localization solution quality. The scale
factor of the solution is checked against a sensible tolerance,
and if it is too large or small, a message will show in the
results area.

In addition to the mechanisms Survey Pro uses automatically
to ensure a quality localization solution, you must also use
good common sense before using the final localization
solution. For a detailed discussion of how to ensure the
quality of the localization solution please see Page R-282 in
the standard GPS section.
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Connect to Base and Rover —
TDS Localization ‘One Point
Setup’

The Start Survey Wizard will have different behavior any time the
user is in Ground TDS Localization mode, and there is only one point
in the job. This behavior will be similar to the workflow to perform
the One Point Setup procedure that is currently supported in regular
GPS mode and is described below:

Setup Base Hardware Screen

This step is the same as the regular Basic Start Survey Setup Base
Hardware screen (Page 340).

1. Enter the antenna height.

2. On , the base is setup to broadcast CMR+ corrections
over the radio port. The wizard advances to the Setup Rover
screen, below.

Setup Rover Screen

This screen is the same as the regular Basic Start Survey Rover
Setup screen (Page 341). In this case, the button at the bottom right

will always be .
1. Enter the correct HR.

2. On , writes the base and rover setup raw data; solves a
one-point localization; and the wizard exits to data collection.
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Traverse Base

The Traverse Base routine provides an easy method to collect a point
and then move your base to that point, or to move your base to any
existing point in the current job.

1. From the Data Collection screen, tap

Solution: Fixed Base| to open the Traverse Base screen.
Radio: 99% SY: O7 HRMS: 0.07

o Point; VRS4 [+]

Desc: |SS |

to
Occupy:
| Traverse...

Control |

| |
| Feature | | Offset |
[ Toposs | |

trput | B2 Results | ] map |
L% ? i I

Point |

2. The Traverse Base screen provides you with the
following two options:

r Traverse Base:

Mowve base receiver to a known
point and set it broadcasting

CofrBCtions from nw Tcation. a. | Traverse Base > |: This starts a routine
where you can move the base to another
Traverse Base > existing point in the current job as

described below.

rOccupy then Traverse:

b. |Occupy then Traverse > | This starts a
Ocoupy atd collect a point with the - -
rover, then move the base receiver rOl_'ltme where you can first occupy a new
to just collected pont. point and then move the base to that
point as described on Page 355.

| Occupy then Traverse |

Q7 )
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Traverse Now Routine

1. Tap . This will open a prompt to move the receiver.

2. Tap @ to open the Connect to Base Receiver
prompt.

3. Tap to auto-connect to a base, which

includes the check and retry prompt if connected
to the rover.

4. On connection to the base receiver, we begin the
steps of the Basic Start Survey wizard (Page
340).
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[Snlution: No data

Move your base receiver to an
existing job point now, then
tap [Ok] to start base setup.
| oK | | Cancel |
orecapy
| Traverse... | | Control |
| Feature | | Dffset |
[ Toposs || point |
Input Results l Map I
Q9 ? 2t |

., Please connect to your Base
¥ receiver now.

| connect > | | Cancel |
B Start GPS Survey | .
C Data Collection
D Control Points m
I
E  Post Processing
—
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Occupy Then Traverse Routine

1. Tap |Occupy Then Traverse| to open the Occupy Data Point
screen.

,f.', Occupy [
rLocal Coordinates:

Morthing:  5,011.170
Easting: 5,047.755
Elevation:  70.439

rSolution Quality:
Solution: Fixed
Mum. S 7
H. Precision:  0.033
W, Precision: 0.049

Session Time:
2734

Count Status
Measuring

[ store | [cPsstatus]
@ ? 2 )

2. Tap on the occupy point, you are prompted
for a name and description.

3. After accepting the point, you are prompted to
connect to your base receiver.

4. On successful connection to the base, including
the retry prompt if we detect you are still
connected to the rover, the Basic Start Survey
wizard will open as described on Page 340.

Projection Solve
Localization

When you go to the Projection dialog in Basic GPS mode, and tap
[Solve Localization], the screen and workflow will be similar to the
Basic Start Survey wizard, Solve Localization and Detect Blunders
screen described on Page 349.

Post Processing

The Survey > Post Processing routine is nearly the same as with the
GPS Module described on Page 307, but instead of the behavior of
prompting for a receiver, we will instead do the automatic connection
detection in the same way as the Basic Start Survey wizard.
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The following books are available from various sources, including the
America Congress on Surveying and Mapping:

o 5410 Grosvenor Lane, Bethesda MD, 20814
Phone: (301) 493 0200
Email: books@acsm.net

For a basic description of GPS hardware, field procedures, network
design, planning observations:

o Van Sickle, Jan. GPS for Land Surveyors 1996, Ann Arbor.
300pp. ISBN 1-57504-041-7

For a more detailed reference on GPS datums and coordinate
systems, signals, pseudo-range observable, and mathematical models:

o Hofmann-Wellenhof et al. GPS Theory and Practice, 3rd
Edition 1994, Springer-Verlag Wein (Austria). 355pp. ISBN
3-211-82591-6

For an advanced discussion of GPS carrier signals, adjustment of
GPS observation networks, and coordinate transformations:

o Leick, Alfred. GPS Satellite Surveying, 2nd Edition 1995,
John Wiley & Sons Inc. 584pp. ISBN 0-471-30626-6

GPS Information on the Internet:

For current links on GPS constellation status, GPS and map
projection references, and other geodetic information sources, go to
the TDS Web site at www.tdsway.com and click on
Support/Downloads > Survey Pro > Survey Pro on the Recon > GPS
tips.
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