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1 Introduction

Carlson SurveyGNSS provides a robust post-processing environment for computing high
guality vectors and resultant positions using simultaneous code and carrier phase
observations of pairs of Global Navigation Satellite Systems (GNSS) receivers. Satellite
constellations and signals provided by the United States NAVSTAR GPS, Russian
Federation GLONASS, and various satellite based augmentation systems (SBAS) are
supported using either single or dual frequency receiver equipment.

Carlson SurveyGNSS at a glance:
- Supports differential post-processing of RINEX GNSS observations in static, ‘stop and
go’ and kinematic positioning modes.
- Accepts GNSS observations from any GNSS receiver in RINEX format.
- Accepts proprietary GNSS observations in the following formats:
° Carlson .log and .rw5

NovAtel .log

NVS Technologies .nvs

Hemisphere GNSS .bin

Altus .sbf

Javad .jps

Sokkia .pdc

Leica .mO0O, Ib2

Trimble .dat, t00, t01, t02

Conversion of other proprietary manufacturer formats has been

externalized via shell scripts to allow users to configure and add support

for command line RINEX conversion utilities.

- Provides a straightforward, workflow oriented user interface including an overview map
and observation files, computed vectors, and positions presented in fully functional
spreadsheet like grids.

- Incorporates a proven state of the science, highly autonomous baseline processor
offering on the fly ambiguity resolution, automated cycle slip detection/removal, and
more for baselines up to 200km (125mi).

- Automated search and retrieval of reference geodetic control and GNSS observations
from organizations such as the US National Geodetic Survey and Continuously
Operating Reference Station (CORS) networks.

- Rigorous least squares adjustment of all computed vectors.

- Seamless integration with downstream applications from Carlson and other vendors.

In spite of the popularity of real time GNSS surveys, post-processing field data is still in use
for various reasons:

- As a back-up for RTK in case your data link fails (radio range).

- As a back-up when the RTK network in your area is temporarily out of order

(GPRS/EDGE congestion).

- To carry out sub-centimeter geodetic surveys (i.e. deformation analysis).

- Toimprove the accuracy of real time single frequency GIS data.

- To have a backup for critical projects.

- As a means for Quality Control for real time surveys.

Carlson SurveyGNSS is a reliable and precise tool for all your post-processing applications.
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2 Reqgistration

Each Carlson program is licensed for use on one workstation which must be registered. The
registration records your company name and serial number. To register your copy, install and
then start Carlson SurveyGNSS. When you start the software for this first time after
installation a window will pop up asking you for your serial number. The serial number
consists of a 4 groups of characters separated by a dash (-).

Enter Carlson Suwe-NSS_204 Serial Number

} Registration information for Carson SurveyGNSS 2014 is either missing or incomect.
Please enter the seral number supplied to you with the product.

Need a demo serial number? Call (606) 564 5028 or to get one via the intemet.

NOTE: Windows Administrator rights are required to perform this step.
Contact your local administrator if in doubt.

Serial Number |

{for example: 1234567-123ABC12-123456-1234)

| ok |J[ Ea

S

Enter your serial number and press OK.

Registration Wizard (S/N: 96257-CAA30-240450NFR-428384) [

m Install Info I User Info ] Authorizel

Registration Options |

@ Intemet - Register ondine instantly

(") Already have a change key

() Register Later
By clicking Next user confirms uninstallation of upgraded copies and/or
uninstallation of Cardson SurveyGNSS 2014 from old hardware.
UNREGISTERED COPY, 500 calls remaining

Chen> ] |

g

There are four registration options.

- Fax: This method allows you to print out the required information on a form which you
then fax to Carlson Software. The fax number is printed on the form. The change key
will be faxed back to you within 72 hours.

- Internet: Register automatically over the Internet. Your information is sent to a
Carlson Software server, validated and returned in just a few seconds. If you are
using a dial-up connection, please establish this connection before attempting to
register.

- Enter pre-authorized change key: If you originally chose the Fax method above, you
will need to choose this method now to enter the change key that is faxed back to
you.
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- Register Later: If you wish, you may defer registration up to 30 days. After this time,
Carlson will enter demo mode which displays a message each time a Carlson
command is run.

After you select the registration method, choose Next and select the type of installation you
are performing, choose Next again to review the copyright information and to fill out the
required information. At this point, if you are using the Fax method, press the Print Fax Sheet
button. If you are registering using the Internet method, press Next and the process will start.
The process has ended successfully when you have received your Change Key. Make sure
your keep you serial number and change key in a safe place.

Tip:  If Carlson SurveyGNSS is running, you may access the registration dialog by
choosing Product Registration from the Help menu.
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3 Carlson SurveyGNSS Workflow

I Run SurveyGNSS

l

l

V Set position status

Il Create new project

l

l

VI Compute vectors

Il Select coordinate
system

l

l

Vil Inspect results

IV Import RINEX files

l

VI Export results,

See below for a further explanation.

SurveyGNSS™ UserGuide

The illustration below shows the general workflow for using Carlson SurveyGNSS.
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I : Run SurveyGNSS

Il : Create a new project
Go to File and select Open to create a new project. Project files have the extension ‘.sgp’.

Ill : Select a coordinate system

This is an optional step. When a coordinate system is selected, the coordinates of the site
positions in the Positions tab will be presented in the selected coordinate system. Go to
Tools and then Set Spatial Reference... In the Define Spatial Reference window select
your coordinate system. Note that you have to be on line to make this selection.

IV : Import RINEX files

To import RINEX (or proprietary) files select the Observations tab and drag your RINEX
files from the data folder where you have stored the files onto the tab. When this is done you
maybe review the sites and vectors by picking the Map tab. Note that all observations must
be given in RINEX format (up to version 2.11) with each file containing

data of a single receiver deployed.

V :Set the position status

Usually one of your stations will be the reference point for which the coordinates are kept
fixed. Go to the Positions tab, right-click on the status icon of the reference station (by default
‘Approximate’) and change the position status to ‘known’.

VI : Compute vectors

First select the vector to compute in the Observations tab by Ctrl+left-clicking on the
observations. The line with the selected observation will change color. Then either right-click
and select and select Compute Vector(s) from the menu, or select Analysis>Compute
Vectors(s) from the main menu tab.

VIl : Inspect results

Go to the Vectors tab to inspect the results. Newly computed vectors will be added to the
list.

VIII : Export results

Go to File>Export on the main menu bar to export the results. By default, a text file with
detailed results about the processed vector is created in the project folder. For each vector
there is a separate file. The filename is a combination of the station names.
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4 Conversion of Receiver Files to RINEX

SurveyGNSS support a number of proprietary GNSS receiver formats. The processing
engine of SurveyGNSS works exclusively with RINEX files. RINEX is the Receiver
Independent EXchange format for raw GNSS data. Therefore all proprietary GNSS files are
converted into RINEX directly following the import.

The pre-defined auto-conversion to RINEX in SurveyGNSS is only possible when the
conversion tool from the proprietary format to RINEX is made available by the manufacturer
for free distribution. Some RINEX converters are only available to authorized users of certain
manufacturers’ GNSS equipment and cannot be redistributed/installed by SurveyGNSS.

Open source support has been incorporated together with additional shell scripts which
support additional proprietary receiver formats. The shell scripts are redistributed in the
Carlson SurveyGNSS install folder sup\RINEX and take the form of standard Windows batch
(.bat) script files.

What to do if your GNSS receiver files are not in the list of supported proprietary files?

If you have a RINEX converter, then you can convert your files to RINEX prior to running
SurveyGNSS and then import your files as RINEX. However, to simplify the import procedure
and to make the process more user friendly, you can now create a custom batch file which
includes your RINEX conversion executable.

For example, if you want to use the Topcon tps2rin.exe (not distributed by Carlson, only
available to Topcon customers), follow these steps:
o Go to the Carlson SurveyGNSS install folder sup\RINEX\sample, here you will find a
number of sample files which you can edit and use.
¢ One of the sample files is called Topcon_sampe.bat, open this file in the Windows
editor (or any other ascii file editor).
e Goto line number 41 and replace ‘REM’ by ‘SET’ and replace <PATH TO
tps2rin.exe> by the folder location of your tps2rin.exe file.
e If you have your exe file stored in the folder \tools\converter\topcon then the
modified line should look like this:

41 SET RINEXCommandLine="\tools\converter\topcon\tps2rin.exe" -o " ATAP? ) "

e Save and close the editor, rename the file to Topcon.bat and copy the flle from the
sample folder to sup\RINEX
e The conversion from Topcon tps file to RINEX via tps2rin is now available in
SurveyGNSS through File> Open .
"RINEX Observations (*.770)
‘Carlson SurvCE raw data (*.rw3)
{Hemisphere Receiver (*.bin)
:Javad JPS Receiver [via teqc] (*jps)
<Javad Receiver (*jps)
Leica MDB/LB2 Receiver [via teqc] (*m00;*1b2)
NVS Technologies [Carlson MINI2] Receiver (*.nvs)
NovAtel Receiver (*log)
Septentrio - Altus Receiver (*.sbf)
Sokkia GEX Receiver (*ps;*.tps) [via teqc]
Sokkia GSR-Radian Receiver (*.pdc)
Topcon TPS Receiver [via teqc] (*.tps)
Trimble RT17/RT27 Receiver [via teqc] (*.dat;*tgd)
Trimble Receiver [via runpkr00/teqc] (*.r00;*100;*101,*102)
ublox LEA-4T/ST/6T Receiver (*.ubx)

SurveyGNSS Projects (*.sgp)
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5 Guidelines for Evaluating Results

Whether the post-processing result is acceptable depends on the accuracy which we want to
achieve, but let's assume we are aiming for cm-accuracy. The SurveyGNSS Vector view
starts by listing three very basic but also very important items; baseline Length, Solution
and Quality.

Both in case of RTK and post-processing the baseline length is an important factor. When
the baseline length increases, the influence of the ionosphere increases as well. For longer
baselines (>20km) it will be increasingly difficult to get a fixed solution and cm precision. The
guality of the data (cycle slips, multi-path, PDOP, number of SVs, observation time) plays a
role in this as well. The specs of geodetic GNSS receivers usually show precision values
such as: 5mm+1.0ppm horizontally and 10mm-+1.0ppm vertically. This means that for a
20km baselines the expected precision under good conditions will be around 2.5cm
horizontally and 3.0cm vertically. These values are nothing more than an indication and
require ‘good conditions’ but can be useful as a rule of thumb.

We should aim for either a FixedL1 solution for short baselines (<10km) or a ionosphere
free LO solution for longer baselines, both with ‘high’ Quality. Then we have an optimum cm-
level result. The software will always try to compute a FixedL1 solution since this will give the
most accurate result. The definition of ‘short baseline’ is not strict. If the quality of the data is
sufficient, then baselines of 10km will be FixedL1. On the other hand if the quality if poor,
baselines of just 5km will be hard to be fixed with L1 data.

For long baselines the software will produce a FixedLO solution. If the quality of the data is
high then ‘long’ could mean 100km or more. The result will be on the cm-level, taken into
account what is mentioned above about precision in relation to baseline length.

If our solution is float (FloatDGNSS) then the software was unable to fix any ambiguities. The
percentage of fixed ambiguities will be 0. The accuracy in this case will usually be on the dm-
level.

When we have a fixed solution it is useful to check the percentage of Fixed Ambiguities. The
higher this value the better. When our data is of high quality, this value should be well above
95%. The percentage of Reweighted Observations on the other hand should be as low as
possible. After ambiguity fixing all the residuals in the solution are checked for outliers. The
large residuals are weighted lower in the final estimation process. This value is a measure of
how well the solution fits the actual data. In case of high quality data this value should be
close to 0.0 .

The pdop value should be as low as possible. When using a modern GPS+GLONASS
receiver which is tracking sufficient satellites, this value will be well below 3 or even 2. The
pdop value can still be a useful parameter to monitor i.e. in a GNSS-hostile environment
such as an urban canyon. Even while having a short baseline with a FixedL1 solution based
on good quality data, the precision of our solution could be worse than expected because of
the bad satellite geometry. The pdop will then increase to 6 or more.

Note that the standard deviation of the rover position which is also presented (o, 0, 0,), iS
only a measure of the internal precision. Very often this value is over-optimistic and should
be corrected i.e. by a factor 4 or more. A better indication of the actual precision of the rover
positions is by carrying out a least squares adjustment. This requires a network with
sufficient redundancy.
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The o, Vector value is the standard deviation of unit weight, and is similar to the a posteriori
standard error of unit weight in a network least squares adjustment. Ideally this value is 1.0.
When the value is lower than 1.0 the accuracy of the solution is better than expected; the a
priori accuracies were too pessimistic. When the value exceeds 1.0, the a priori accuracies
were too optimistic.

When using a GPS+GLONASS receiver, the GLONASS ambiguities can only be solved
when SurveyGNSS has the correct information about the antenna and receiver type. The
reason is that the receiver bias depends on the satellite signal frequency. All GPS satellites
transmit on the same frequency so they all create the same receiver bias. GLONASS
satellites transmit on different frequencies; each GLONASS satellite generates a different
receiver bias. In technical terminology GLONASS satellites cause inter-channel biases
which, if not taken into account, can significantly degrade position accuracy. SurveyGNSS
will take the biases into account when it has knowledge about the receiver type.

Therefore it is important that both the antenna and receiver type are listed in the RINEX
header. For instance:

4612206760 TRIMBLE NETRS 1.3-0 REC #/ TYPE / VERS
0220367016 TRM29659.00 SCIT ANT #/ TYPE

SurveyGNSS will identify the receiver by the following 3 letters:
TRI (Trimble)

ASH (Ashtech)

JPS

TPS (Topcon)

JAV (Javad)

LEI (Leica)

NOV (Novatel)

SEP (Septentrio)

See also paragraph 5.3 .
Everytime a baselines is successfully processed, a plain text log file of the processing is

created (basefilename-roverfilename.txt). This file includes valuable information about the
processing.
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6 SurveyGNSS Main Menu

See below a description of the SurveyGNSS main menu options.

6.1 File menu

SurveyGNSS provides a logical and easy-to-use system for creating, opening and saving
project files.

%% Carlson SurveyGNSS 2014

File “iew Edit Analysis Tool
D Me H’Dns
[5] Cpen
E=tin
[9 Close ol
Save As... k3115,

E Save Adjustment 43117,

@ Recent Projecks ¥

E] E:it

453113,

E 515 s 431185,

New will create a new SurveyGNSS project.
Open will open an existing SurveyGNSS project or when a project is already then this
option can be used to add data files as an alternative to drag and drop.
Close will close the current SurveyGNSS project.
Save As...offers four different file formats to save your data in:
& OpenGISE KML Encoding Standard
Land#ML® Encoding Standard
@ Catlson CROE
%- Carlson RS

e The KML Encoding Standard allows you to save files in the format accepted by
Google Earth, Google Maps and some of the Marble software. KML became is an
international standard of the Open Geospatial Consortium.

e LandXML

e Carlson CRDB is the Carlson coordinate format. This format
allowsaalphanumeric combinations of point number and descriptions up to 255
characters in length.

e Carlson RWS5 is Carlson’s raw data format. SurveyGNSS will store the station’s
geographic coordinates in this format. This allows for further processing of the
station coordinates in other Carlson products. For instance, when you need the
position of a station to be expressed in a specific (local) coordinate system or
geoid which is not available in SurvGNSS, then the RW5 format will be the
exchange format to products such as Carlson SurvCE, X-port or Survey.

Save Adjustment allows you to accept and the adjustment results from Analysis>

Adjust Network.

Recent Projects presents a list of projects that have recently been opened.

Exit ends SurveyGNSS and exits.
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6.2 View menu

The options in the View menu will work jointly with the four SurveyGNSS views: Map,

Observations, Vectors and Positions.

£, Zoom Extent ors | | Positions
@ Pasition Annatation, .. ]
. Observed Satelites Ephemer
E Cbservation Durations

| Collapse Observation Groups

| Expand Observation Groups

oordinate Display. .. i 1 Geocentric
T {3 Geographic
ﬁ Projecked

The following options are available:

- Zoom Extent will activate the zoom extent in the Map view. This option is also

available by right-clicking on the Map view.

Position Annotation... will activate a menu that allows you to change the font, size
and color of the text on the Map view.

Observed Satellites works best in combination with the Observations view. This
option will provide a graphical overview of the tracking of each observed satellites.
This overview consist of a horizontal bar chart with each satellite observed (GPS and
if available GLONASS), represented as a horizontal bar spanning the time during
which the satellite was observed. Satellites are marked by their identification number.
By analyzing the overview you can check on anomalies in your raw data (data gaps
caused by bad tracking) that may affect the post-processing result.

You can only view one file at the time.

Observation Durations shows you the overlap in observation duration between
stations. Only stations which have overlapping observation periods are candidates for
baselines processing.

Make sure you select two or more stations for which you want to evaluate the overlap.
Collapse Observation Groups reduces the Observations view.

Expand Observation Groups expands the Observations view.

Coordinate Display allows you to change the representation of the coordinates in
the Positions view: Geocentric, Geographic or Projected.

6.3 Edit Menu

The Edit menu offers the following options:

%+ Carlson SuryeyGNSS 2014 NOT FOR RESALH
File Miew | Edit Select  Analysis Tools Help

| Map @ Spatial Reference... lrtms
| E«i Preferences. ..
iy ) ;
T :j Cbseryation Details
!I.'l“r" Remave. .. 2
Position Skatus., .. »

Edit Positionis]. ..
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- Spatial Reference... allows you to select a coordinate system from the on line
Spatial Reference List. You may us a search reference to find a suitable coordinate
system and then pick it from the list. Exit with the OK button and the name of the
active coordinate system will appear on the bottom right of the SurveyGNSS screen.
See below an example for the available coordinate systems in Poland.

Spatial R€

Home | Upload Your Own | List user-contributed references

Search References: |Puland Search |

SE-CORG:102: Poland 1942 strefa 3
SE-CRG:103: Poland 1942 strefa 4

SE-ORG 107 PHMD1925

EPSG: 2171 Pulkovo 1942{58% / Poland zone I
EPSG: 2172 Pulkovo 1942{58% / Poland zone II
EPSG: 2173: Pulkovo 1942{58% / Poland zone III
EPSG: 2174 Pulkowo 1942{58% / Poland zone IV
EPSG: 217F5: Pulkovo 1942{58% / Poland zone ¥
EPSG:2176: ETRSS89 4 Poland C52000 zone §
EPSG: 2177 ETRS89 / Poland C52000 zone 6
EPSG:2178: ETRSS89 / Poland C52000 zone 7
EPSG:2179: ETRS89 / Poland C52000 zone 5
EPSG: 2180: ETRSE9 / Paoland C592
EPSG:3120: Pulkovo 1942{58% / Poland zone I

Once a coordinate system is active, you may express the station coordinates in the
Positions view in the Projected Easting, Northing, Height.

- Preferences allows you to set the preferences for the processing: General, Vectors
and Adjustment.
e General includes Data Resources and Reference Observations.

In Data Resources you can set the Gravity Model and the Antex file with the
Antenna Definitions.
The default Gravity Model is the worldwide EGM2008 model in the binary GTX
format. Textual Carlson geoid grid files, such as the files used by Carlson
SurvCE and SurvPC, are accepted as well. Note that when this option is
enabled the projected coordinates presented in the Positions tab are showing
‘orthometric’ heights.
By default two ATX files are supplied; from the NGS (National Geodetic
Survey) and the IGS (International GNSS Service).
SurveyGNSS will read the antenna type and serial number from the RINEX
header. If the antenna type is not found in the current Antex ATX file, an error
message is displayed and the RINEX file will not be processed. To solve this,
select an ATX file which includes the proper antenna type or edit the RINEX
header of your observation file; go to the Observations view and right-click on
the observation and select Observation Details (see Tutorial 4 for an
example).
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It is also possible to disable this option (tic Enable off). Note: disabling the
Antenna Definition and thus not using the antenna calibration may degrade
the accuracy of the processing result.
In Reference Observations you can set the search range for Published
Observations. See the Tools menu.
e Vectors, see the Analysis menu option Compute Vector(s) With Options.
¢ Adjustment. See the chapter on least squares adjustment for details.

- Observation Details will show more detailed information on the observation currently
selection in the Observations view. The displayed information is based on what is
available in the RINEX header. Observation Details also allows you to edit the
station position, i.e. updating the know station coordinates.

- Remove will permanently delete the selected observation or vector from the project.

- Position Status... allows you to change the position of a station in the Positions
view from Known to Approximate and vice versa.

- Edit Position(s)... makes it possible to edit the coordinates of a station in the
Positions view. This is useful when the coordinates of a point in the RINEX header
are just approximate. By using the options the coordinates of a known point can be
updated, whether geocentric, geographic or projected.

6.4 Analysis Menu

The Analysis menu offers the following options:

%+ Carlson SuryeyGNSS 2014 NOT FOR RESALE - C:'\PP-Projectsh
File Wiew Edit Select | Analysis Tools Help

[E Map | 21 obsarva E Compute Wector(s)
” E Compuke Yeckaris) \With Opkions. ..
N~ #
- T -+« S 73 Wiew Closures
o i =
e £ adjust Metwork
e -

- Compute Vector(s) invokes the SurveyGNSS post-processing engine. You can only
select and process one vector at the time.

- Compute Vector(s) With Options... allows you to set a number of processing

parameters:

e Elevation Mask specifies the minimum mask angle in degrees to be
used. A low angle allows the use of more satellites, but at the same time
increases the potential of processing bad data (multipath effects and cycle slips).
Low observations usually result in more noise. When the data is a good quality
the mask should be between 10 and 15 degrees. Of course the mask value
should not be lower than the mask used during data collection by the receiver.

e Interval specifies the processing data interval to a value greater than the interval
used during recording of the data. This options can be used to synchronize the
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data, i.e. if the base logged at a 15 second interval and the rover at a 10 second
interval, then the common inval value to be set is 30.

o Constellations allows you to set a GNSS constellation. SurveyGNSS will be
ready to process data from new GNSS systems as soon as these become
available for commercial use.

e Frequencies allow you to set the frequencies: L1, L1+L2 and L1+L2+L5
(depending on the L5 availability).

¢ Kinematic Position File Format defines the output of processed kinematic data
in terms of the format of Paosition and Date & Time. Kinematic data is exported in
an ascii file with the extension ‘pos’ .

e Instantaneous Vector Processing allows you to reduce the duration of an
observation. You can reduce the duration by typing in the From and/or To times
or reduce the duration graphically by an overlapping rectangle. See example
below.

Instantaneous Vector Processing

Simultaneous Observation Range

log0717a [155]

14071980 [55]

14:45:00
14:56:00

4.07.17 14:34:00
4.07.17 15:18:00

From 15:05:00 To 15:11:05 Duration  00:06:05

o Enable/Disable Satellites... allows you to deselect satellites individually so that
data from these satellites will not be part of the solution.

Enable/Disable Satellites (=], S

log0717a.140 2014.07.17 15:00:15 to 2014.07.17 15:17:45
GLONASSTS - ——

GLOMASS18

GLOMASS16
GLONASS10
GLOMASSS

GLOMASSA

GLONASS3 .

GLOMASS2

[v|GPs31
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- View Closures allows you to view the closure errors in your network. This options
works best with the Map view selected, and of course only works when you have a
closed figure (a loop) in your network.

First select the stations which form the loop; left-click on the station symbol while
holding the Shift key. Then select View Closures, either from the Analysis menu or
by right-clicking and selecting View Closures from the popup menu.

£ Map 9 Observations 1 Yectars " Positions

MiELIwWRCD
i

(LI
Aalter
= \ L T Ferfout
irﬂ'lu.'l-'.L‘:'-I::,Irll’rlljluuI':C i L Sint-Mari
Dasnze X
Bergues Dontargem
Zulte 1
|ﬂ|_l Woreen @ O g
10 mi o
A DEY - Ow=
Meren £ ;
SUSSSGRM M0S'ST 5"
Loop Closures
Path Conrses « Ox [om] | Ay [om] | &z [om] | AFotad form) Path Length I Relative Precision
|[EFE1463 DWWEs 3 -0z -0.0 -0z 03 107.090 1:239340515

The closures errors (A) are presented in X, y and z direction separately, as well as in a
combined ATotal value. The Relative Precision is a measure of the total closure
error versus the Path Length.

- Adjust Network will carry out a least-squares network adjustment. To accept the
adjustment results and store them internally, go to File> Save Adjustment.

Note: Every time a baselines is successfully processed, a plain text log file of the processing

is created (basefilename-roverfilename.txt). This file includes valuable information about the

processing. This file is displayed on the right side of the screen in Transcript tab of the
Reports window.

6.5 Tools Menu

The Tools menu offers the following options:

File ‘Wiew Edit Select A&nalysis | Toaols  Help
[F1Map =1 Observations @ Search Published Contral...

> g Search Published Observations. .
[=}
\ A
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- Search Published Control...
- Search Published Observations...

The options under Tools allow you to download know station coordinates in the area of your

survey, as well as RINEX data from local active reference stations. An internet connection is

required. Also note that this service is not available in all parts of the world. For details on the
working of these tools see Tutorial 2.

6.6 Help menu

The Help menu include the SurveyGNSS ‘about’ information as well as the Product
Registration, see also Chapter 2.
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7 SurveyGNSS Views

SurveyGNSS allows you to inspect your raw and or processed data in four different tabs or
views. The SurveyGNSS views are:

- Map view

- Observations view

- Vectors view

- Positions view

7.1 Map View

The Map view presents the positions and observations on a worldwide background map.
SurveyGNSS uses OpenStreetMap®© for this purpose, a collaborative project that creates
and distributes free geographic data for the world. An internet connection required to view
the map.

Initially only the positions of RINEX stations are shown, baseline vectors are shown after
computation. The colors of the station symbol indicates the position status: approximate-blue
(not yet processed), known-red, (kept fixed) and processed-yellow. See also the Positions
View.

Note that positions of kinematic points are not shown on the Map. Create a Google KML file
via File> Save as...> Open GIS®°KML Encoding Standard to view these positions.

Right-clicking on the map brings up a menu with 3 options:
#] Zoom Extent
@ Position Annatation, .
3 Wiew Closures

- Use Zoom Extent for a complete view of you network. You can also use the ‘+’ and ‘-
‘ buttons on the top left for zooming. Your mouse can be used to zoom and pan as
well.

- Positions annotations brings on a standard Windows screen for changing the font
on the station name.

- View Closures will open a windows and show the closure errors. To view the
closures it is necessary to define a closed figure (loop) on the map. See
Analysis>View Closures in the main menu.

7.2 Observations View

The Observations view allows you to import RINEX and other supported observation files
into the SurveyGNSS project. To import a file, select the filename from your Windows
document browser and drag the file onto the Observations tab. SurveyGNSS will open a
Report window on the right of the screen with information about the import and about the
conversion to RINEX (in case of a proprietary observation file format).
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Reports Bx
Conversion 3:00:06 PM Conversion 3:03:41 PM

"4+ Carlson SurveyGNSS - C,PP-Projects’ PPstatic.sgp

Al

File Wiew Edit Select #&nalysis Tools  Window  Help

3:04:10

Pl & Found and verifying C:\TMP\. \Data\ctne1960.130

E Map | Observations | | Vectars 1 Pasitiol
g:r.?m L &  Verifying header and index of C:\TMP\. \Data\ctne1960.130
Ofzepation \ Epheme — - ]
\ 3:04:10 o CATMPY. \Data\ctne1960.130 verified Duration 1 00:00:00 no
\ PN modification
.
| 11130 2}34:10 @  ndexing CATMPL \Datalctne1960.130.
3:04:10 o CATMP. \Data\ctne1960.130 deemed Static based on standard
PN deviation 4.0m
If the file is aCC@pted, SUTVGYGNSS will d|3p|ay 3}34'10 @ cowPLDataictne1960.130 index verified
information about the file and all observation files
. . . 3:04:10 - - s -
imported into your project. Pl V' Datalcine1960.130 acospled

Observations are listed in the view along with the following information:

- Observation shows the station name and the associated file name

- Ephemeris shows the ephemeris file that is used, this can be the standard broadcast
ephemeris file or file with a precise ephemeris

- Antenna height shows the antenna height in meters found in the import file

- Start Time shows the data and start time of the observations

- Durations shows the duration (observations time) in hh:mm:ss

- Measurements shows the number of measurements based on the duration and the
measurement rate, i.e. 1 hour of data with a 15 sec rate is 60 x 4 = 240
measurements.

Right-clicking on the Observations view brings up a menu with a number of options:
| Collapse Observation Groups
| Expand Observation Groups
¥ Remove Cbservation(s)
E Obseryvation Details
2 Search Published Observations. ..
E Compuke Yeckaris)
E Compuke Yectaris) With Opkions. ..

- Use Collapse/Expand Groups to minimize or maximize the listed observations.

- Use Remove Observation(s) to permanently remove an observation from the
project. First select the observation, then remove.

- Observation Details opens an editor to edit the RINEX header details.

- Search Published Observations.../Compute Vector(s)/Compute Vectors With
Options... offer a quick way to access the same options under Analysis.

See the View menu option for information on graphical display of observations and
durations.

7.3 Vectors View

In the Vectors view the post-processing results are listed. By default, a text file with detailed
results about the processed vector is created in the project folder. For each vector there is a
separate file. The filename is a combination of the station names.

See an example for the SurveyGNSS output below.
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From a From File From Antenna Height | 7o -« To File To Artenna Height
almil3ak LdaImere Static 201 3ialml03sk. 1 0,000 1000 Cdalmere Static 20131000132 0,000

Lencith Solution Cuality PDOP | o, Wector | o, Soludtion | Satellites | Fixed Ambiguities | Reweighted Obzervations
2 5 FizedLO high ns 0.004 0.400 16 993 0.a

fik iy fira ups oy oz phxhy | phAxAT | plAviaz

15391 432 -19060.240 -115585.205 0.0008 00002 00003 00130 05774 00139

Under From the name of the base station in the base RINEX file is shown, under To the
rover name is shown.

From File and To File show the associated based and rover RINEX files.

The antenna height in From Antenna Height/To Antenna Height should be the true
antenna height i.e. the height from the marker on the (ground) surface to the antenna phase
center. This is conform the RINEX specifications.

The Length is the baseline length (m). The baseline length is an important factor in the
selection of the solution type, i.e. for longer baselines an ionosphere-free solution is selected.
This is done automatically.

Each coordinate solution is accompanied by its Solution type (DGNSS, FloatDGNSS,
FixedLW, FixedL1, FixedL2, FixedLN, FixedL0) and static solutions by a Quality indicator
(low, medium, high).

Solution quality "high" is only given to those FixedL1 or ionosphere-free FixedLO solutions
which fulfill certain requirements with respect to percentage of fixed ambiguity, standard
deviation of unit weight, number of satellites, and PDOP. Solutions of the type FixedLW are
always of "medium" quality.

FloatDGNSS solutions may be either of "medium” or of "low" quality, mainly depending on
the amount of observation data.

The quality indicator of a DGNSS solution is always set to "low".

pdop is the Position Dilution of Precision, a measure of the quality of the satellite geometry.
The o, Vector is the standard deviation of unit weight.

The g, Solution is the standard deviation of a single observation (m).

Satellites lists the number of satellites (GPS & GLONASS).

Fixed Ambiguities shows the percentage of fixed ambiguities for the data. The DGNSS or
FloatDGNSS solutions are not included in this number.

Reweighted Observations show the percentage of re-weighted observations.
AX, Ay, Az are the vector elements (m) of the baseline to the rover position.

The o, 0, 0, are the standard deviations of the rover position in Cartesian coordinates (cm).
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PAXAY, pAxAz, pAyAz are the correlation coefficients for the XY, YZ, ZX vector element
combinations.

Tip: Right click on one of the column headers. This will allow you to make a selection of the
displayed items.
To save the view to a file or print the view, use the appropriate icon on the bottom right;

= e =

7.4 Positions View

The Positions view lists the stations and their coordinates as well as their status. The
coordinates are expressed in the coordinate system which was chosen in Tools>Set Spatial
Reference...

Right-clicking on the status of a station will bring on a menu:

Statug Name « Easting [m] Morthing [m] Orthometric Height | Remarks

. nnnnn ArACAd SRS CAASATA A O

Coordinate Display... * USeIsle:ile
Position Status... b & Geographic WGS84

Edit Position(s)... Projected ETRS89 / UTM zone 31N

E—p—

- R e — o e o R _

Status Mame « Easting [m] Morthing [m] Orthom
F ‘“E“' i '”I':')‘_“ ‘I an N | 5806070.772 -2 126
oordinate Display...

) - play oo e 760
Position Status... »

_ L. . 826

Edit Position(s)... A Approximate 514

O nn RENARNE N1 LANRZNT TAR -3 7RO

Coordinate Display... will set the coordinates to Geocentric (Earth-centered Cartesian
XYZ), Geographic (latitude, longitude, height) or Projected (e.g.UTM). The projected
coordinates are based on the coordinate system projection selected in Tools>Set Spatial
Reference...

The Position Status... is either Known or Approximate. Usually the network will include a
reference position will should be marked as Known. The other station are then Approximate.
This is the default value. The known station is kept fixed in the processing, the rover position
is processed relative to the known station.

There is no use in marking more than one station as Known. Constraints on the network
which are imposed by multiple known stations should be handled by the least squares
adjustment following the post-processing.

Edit Position(s)... can be used to edit the coordinates i.e. of a known station. The three
position formats (geocentric, geographic, projected) in the Edit Position window are linked,
so when making a change all formats are updated simultaneously.

SurveyGNSS™ UserGuide 20 Carlsonsw.com



-

Edit Position 1809base [

Geocentric b @13885077.395 Y 334462.918 Z 5029039.199

Geographic Latitude 52°23'2.95000"M Longitude 05°12'47.02968"  Ellipsiodal Height 41.01

Projected Morthing 5806070.772 Easting 630614.602 Orthometric Height -2.126
l Save ] [ Next I l Cancel ]
Tip: Right click on one of the column headers. This will allow you to make a selection of the

displayed items.
To save the view to a file or print the view, use the appropriate icon on the bottom right;

= e M
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8 SurveyGNSS and SurvCE

For the post-processing of stop and go surveys, SurveyGNSS assumes there is a RW5 as
produced by SurvCE available. The RWS5 file holds the markers (the ‘stop and go points’) and
this is vital information for the processing.

To import the rover part of a stop and go survey, the RWS5 file must be dragged and dropped
onto the Observations view. The rover raw data file is then automatically added.
SurveyGNSS will merge the RWS5 file and the rover raw data file, which could be in one of
the supported proprietary format, into a new RINEX file. The new RINEX file now includes
the stop and go markers.

The new RINEX file should also import information about the antenna type from the
proprietary log file. If this info is not available (e.g. not entered in SurvCE or the log file has
no record for the antenna type) then SurveyGNSS will generate a [502]: No APC-corrections
error message:

& '
Error(s) Encountered Computing Vector Iéj

q '_"»-..I [502]: No APC-corrections for antenna 2 found: in Cirogram
S@? Filesarlson Softwarearlson SurveyGNSS014ata
gs08.atx

.

In this case the antenna type must be picked manually from a predefined list. This is
important for a correct processing of the offset to the antenna phase center. See Tutorial 4
for an example.

Some receiver brands might produce RINEX files which already hold the stop and go
markers. There is no guarantee that these RINEX files are accepted by SurveyGNSS.

See the Carlson SurvCE Reference Manual for further information about logging raw data
from your GNSS receiver for post-processing. Note that this option is not supported for all
receiver brands.

. j08:0909
Eile | Equip EHIWS'4 COGO | Road | File:  None
StartResurms File |
1 5tore Points % 6 Auto by Interyal 'C'-}I i I
2 Stake Points Log Raw GPS [,
: Cloze File |
3 Stake Line/arc |/ | 8 Leveling o
File Manager |
4 Stake Dffset fra
5 Eley Difference ) Free Merm on Receiver: 1,8505GhyEs
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Note that in SurvCE 4.0 new records have been introduced to facilitate the processing of raw
data: GNSSLOGRCVR and GNSSLOGANT. When using SurvCE for static or kinematic
datalogging in the receiver, it is advised to use SurvCE 4.0 . Carlson cannot guarantee
proper import results of raw data with SurvCE 2.x and 3.x .

See an example of the use of the new records in a SurvCE 4.0 RW5 file below:
--GPS Log File: 1802rov.log rover open Carlson,Surveyor+ GPS

--GNSSLOGRCVR,FL1802rov.log,SRROVER,RNBFN12100140
D2LROG55R,RMNOVSurveyor+ GPS,RFOEM060100RNO000 2011/Jun/28

--GNSSLOGANT,FL01802rov.log,AN,AMNOV702GG NONE,LI1000,AG2.000,PA0.067

--GPS Log File: 1802rov.log rover close Carlson,Surveyor+ GPS
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9 Least Squares Adjustment

SurveyGNSS includes an adjustment tool, based on SurvNet, Carlson's network least
squares adjustment program. This tool performs a least squares adjustment

and statistical analysis on a network of known points and GNSS vectors (total station
measurements not included).

The preferences for the adjustment are found under Edit> Preferences.

~@eneral
Confidence Lewvel I'.:JS.EI o,
Conergence Limik IIII.IIII:II:II m

TterationLimt |10

Centering Errar |3 il

—GMSS Mector Weighting

".ﬁ. Priari Method

{+ Yariance Factor " Standard Deviation " Standard Deviation Scale
& Priori Yariance Factar |32-EI
& Prioti Standard Deviation |5 mm + |1 ppMm

— Compute Relative Elipses

Observations [v
Stations Within 50000 m

The General Section includes:

- Confidence Level: This setting is used when calculating the size of error ellipses,

and in the Chi-square testing.

- Convergence Limit: The adjustment is carried out in a series of converging

iterations. During each iteration corrections are computed. When the corrections are

below the convergence limit, we have found our solution.

- lteration Limit: This settings defines the maximum number of iterations of the

adjustment process. The iteration process is stopped when either the convergence
limit or the iteration limit has been reached. A high number of iterations could indicate
bad data (slow or in extreme case no convergence). Typically if there are no blunders
in the data the solution will converge in less than 5 iterations.

Centering error: This option is used to specify the precision associated with
centering a GPS receiver over a marker.

The GNSS Vector Weighting presents three options for settings the a priori standard
precision of the vectors. The three vector elements DX, DY, DZ are correlated so we are
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actually dealing with a full 3x3 matrix including the off-diagonal correlation coefficients. The
standard deviation of the rover position calculated by the post-processing is only a measure
of the internal precision. Very often this value is over-optimistic which results in incorrect
weighting in the adjustment. Incorrect weights will make the statistical testing unreliable.

- By selecting Variance Factor and entering an A Priori Variance Factor value, we
are scaling the a priori precision to a more realistic value. It is not uncommon to scale
the standard deviations by a factor 4 or 5 or even more (16 or 25 Variance Factor).
This methods works well when all vectors are equally over-optimistic, i.e. when all
vectors are of similar length.

- By selecting Standard Deviation, the precision of the vectors is subject to the
entered values for the A Priori Standard Deviation model (i.e. 5ppm + 1 ppm). This
model is in line with what most GNSS receiver manufacturers list in their specs as
static performance. This methods works well when the network includes vectors of
various lengths. The drawback of this model is that the correlation between the vector
elements is ignored. This simplification might influence the reliability of the statistical
testing.

- The Standard Deviation Scale method is a combination of the two methods above.
The ‘mm + ppm’ model is used to set the a priori precision and then each vector is
scaled individually to this model value. This is a more refined method compared to
the Variance Factor method which applies a single scale factor to the complete
network. The advantage over the A Priori Standard Deviation model is that
correlations are taken into account.

The adjustment will Compute Relative Ellipses for stations which are within a certain
distance of each other. The distance can be entered in the Stations Within field.

SurveyGNSS uses the Chi-square test for the statistical testing. This is a so called overall
model test which does not test individual observations, but either accepts or rejects our
complete network. Simply said: the null-hypothesis which is tested is Hq: our network is
correct. Correct means that:

- The a priori standard deviations for our vectors have been correctly estimated; they
all have realistic values.

- The model chosen to relate the observations to the unknowns parameters (station
coordinates) is complete an true, and the vectors are free of bad observations
(outliers).

When the Chi-square test is accepted, we can accept the processed positions with the
option under the File menu; File> Save Adjustment. Then for each new position in the
Position View, the a posteriori standard deviations ox, oy, 0z and their correlations pxy, pxz,
pyz are added. In the Observations View for each vector the least squares corrections vAx,
vAy, vAz and the normalized or standard residuals nvAx, nvAy, nvAz are added. Ideally, the
latter values should be close to 1.0 .

On the other hand, if we have a rejected Chi-square test, we must go back to our GNSS
vector weighting, or go back to our post-processing result. When we are able to identify a

SurveyGNSS™ UserGuide 25 Carlsonsw.com



suspect vector in our post-processing results we have the option to re-process, to remove (if
we have enough redundancy) to re-measure the vector.
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10 Tutorials

10.1 Tutorial 1: Processing Static Data

In this tutorial you will process 2 baselines with SurveyGNSS and will learn about the basic
settings in the software. An internet connection is required.

1. Start SurveyGNSS and select File > New to open a new project. SurveyGNSS

projects will have the extension ‘sgp’ . Call the project ‘ppstatic’ or another
appropriate name.

%% Carlson SurveyGNSS - [no project]

File ‘Wiew Edit 3Select Analvsis Tools Window  Help

O | cos | rostions ||
E Open
B Close

@ Recent Projects L

Expark g

E] Exit

2. We will import 3 static files. To import a file, select the filename from your Windows
document browser and drag the file onto the Observations tab.

'$» Carlson SurveyGNSS - C:%PP-Projects',PPstatic.sgp

File ‘iew Edit Select Analysis  Tools

Window  Help
'_bl Map '_bl Ohservations ] '_bl Veckars ] '_bl Positions
OEservation - Y Ephemetis
|c11f3c::u

Import all three files: C11.130, 39G001.130, M4010001.130 . Note that you only

have to import the RINEX ’O'’ files; the associated files will be added automatically.
Your screen should look like this:
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%% Carlson SurveyGNSS - C:%PP-Projects’PPstatic.sgp

File Wiew Edit Select Analysis Tools  Window  Help

E Map | Observations | | Wectars "5 Pasitions

Dbsenation Ephemeris
390001 [1 occupstions]
C1M [1 occupsations]

p401 0001 [1 occupations]

3. To review the location of the three markers go to the Map tab. Right-click on the map
and select Zoom Extent.

¥ Carlson SurveyGNSS - C:,PP-Projects’PPstatic.sgp

File View Edit Select #&nalysis Tools Window  Help

E] Map " Observations 1 Yectars "9 Pasitions

v iﬂ@ﬁ@ﬁﬂ ‘%@%
;‘:. Brsni ‘m

The sample data that we use is this tutorial is in the South-East of Turkey.

4. The next step is to select a plane coordinate system. Go to Edit>Spatial
Reference... This will bring you to an online database of coordinate systems. In this
tutorial we will use a standard UTM projection; in the Search References Field enter
‘UTM Zone 37N’ and then select Search. Pick the coordinate system from the list
(7771) and select OK.

In the bottom right of the screen you should now see the selected coordinate system.
This coordinate system is now active.

metre | WGS 54 | UTM zone 370 4

5. Now go to the Positions tab. By default the coordinate system displayed is
Geocentric (XYZ, Earth-centered). Right-click on the blue triangle, select Coordinate
Display... and then Projected. Now you will see the coordinates displayed in UTM
projection.
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Status MNare &

— ¥ Remaove }
& Coordinate Display.., P[RSSt =Tl s
Yol Position Skatus... * O Geographic

£ 1001 % Projected
Yo 1000

One of the markers will be our reference point, the position of the other two markers
will be calculated from this fixed reference point which we assume to be known.
Marker C1/1 will be our reference point; right-click again on the blue triangle and
select Position Status... > Known.

Status Name a
j.h e
B Remove |
7o Coordinate Display,..  *
Foy Posikion Status. .. r P::Iru:n.-'-.ln |
Approxirnake
Fo 100 A
o 1000

6. We have now entered some basic settings for the processing but we have not yet
looked at our data. Go back to the Observations tab. From the main menu select
View> Observed Satellites. Now pick C1/1, our reference station, by left-clicking on
the line with the filenames while pressing the Ctrl key (make sure the observation
groups are expanded). The selected line will change color and on the right side of the
screen a graphics overview of the observed satellites is shown.

Observed Satelites
. M\Documents and Settings\RobiMijin documenten!SurvyGhSS 2. 04PP Test Datal TutorialyC11.130 2013.04.08 12:00:00 to 2013.04.08 13:03:30

GLONASS1S T
GLONASS1S ] ] |
GLOMASS16 [
GLONASS10

GLONASS

GLONASSS e —

GLONASST |

GLOMASSE

GPSEE

GPSZG

GPS23
GP519

SREi A

The view can be expanded by dragging the display window to the left. Our data looks
good: we a combination of GPS and GLONASS data and the apart from a view cycles
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slips (sections where the colored lines are broken) the quality seems satisfactory. You
can review the data of the other files as well.

Another useful display is the observation durations; this will show how much overlap
we have between our files. If we have no overlap or the overlap is too short, the data
processing will fail. From the main menu select View> Observation Durations. Now
pick all three observation lines by left-clicking while pressing the Ctrl key. The graph
will show that we have overlapping data for about an hour which should be sufficient
for our baselines. In the Observations tab you can also review the duration of the
observation and also the number of measurements. The data was taken at a 15
second rate so in our case we have well over 240 measurements for each file.

Observation Durations
eS8 .|

C11[15s] |

30G001 [15]

12:16:15
12:32:30
12:48:45

13.04.08 12:00:00

‘Ready mekre ‘ WGES 84 | UTM zone 371

7. Now we are ready for the actual processing of the data. In the Observations tab
select C1/1 and 39G0001. Go to Analysis in the main menu and select Compute
vector(s).

"% Carlson SurveyGNSS - C:%PP-Projects',PPstatic.sgp
File ‘“iew Edit Select | Analysis Tools  MWindow  Help

Compute Wector(s)

£ Map [~ Dbserv. - | Positions

Ofsersation Ephemetis Ar

[=] 3830001 [1 ocoupations]

CDocumerts and SettingsRobMin documertensSure Gl Documents and SettingzRobMiin documenten/Surecl 10F

E 211 [1 occupstions]

JdDocumerts and SettingsMaokMiin documertensZuryGE Documents and Settings/RobMiin documenten/Surysl 1.7

[=] W4010001 [1 occupations]

Documerts and =ettingsMobMiin documertensZuryGE Documents and Settingz/RobMiin documenten/Zurect 1 £

Go to the Map tab and note that a baselines is now drawn from C1/1 to 39G0001.
Then go to the Vectors tab to review the processing result. As you can see we have
37km baselines with a FixedLO solution of high quality.

Lepath Tkl » Solution Gality PDOP | T, Wector [cm] | 0, =alution | Satelites | Fixed Ambiguities

3791 FixedlO high 0.3 0.2 0500 16 100.0
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Now process the other baseline: C1/1 to M4010001.

8. A text file with details of the processing is created for every processed baseline in the
data folder of the RINEX files. The files are named after the markers, so in this case
look for the files C11-39G0001.txt and C11-M4010001.txt .

To save the processed positions you can create a Carlson CRDB file (for further
processing with Carlson office products) via File> Save As..>Carlson CRDB

FiIe]View Edit Analysis Tools Help

New 5| vectors | [5] Positions
B Open [m] Morthing [m] Orthometric Height
[¥ Close KL A1TOIRE 033 73R N53

< OpenGIS® KML Encoding Standard
B cave Adjustment LandXML® Encoding Standard

[9 Recent ee]l=ai- M| - Carlson CRDB

B et & Carlson RW5

It is also possible to create printer output, a HTML file or a Word Doc using the
buttons on the lower left.

File View Edit Analysis Tools Help
5| Map | | Observations 5| Vectors | [5| Positions =

Status Name « Easting [m] MNorthing [m] Orthometric Height| Remarks | ox

£ M4010001 425283438 4179265933 736.053 il
Zl cin 414375751 4171462 198 714772 |E‘

& 3960001 377676.996 4150906.057 976.099 -

4 | 1 |

[:l [:l [:l [:l Showing all 3 rows 2el z’l\'='
< | 1] | »

Tip: To control which parameters are to be send to the printer/Doc/HTML, position the
mouse on one of the column headers (in either the Observations, Vectors or

Positions tab) and right-click. This will bring on a set of tic boxes which let you switch
parameter on or off.
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10.2 Tutorial 2: Downloading active and passive reference stations

In this tutorial you will download RINEX data from reference stations near your base and
rover points. You will also locate control points in your area. Reference stations which
produce live RINEX data are referred to as active stations, while known points (i.e. first or
second order control points) are called passive stations. For this tutorial an internet
connection is required.

1. Start SurveyGNSS and select File > New to open a new project. SurveyGNSS
projects will have the extension ‘sgp’ . Call the project ‘Activestat’ or another
appropriate name (see also Tutorial 1).

2. We will import a single static file and then add data from 3 active stations. Drag the
file BOB1196A.130 from you Windows browser to the Observations tab in
SurveyGNSS.

3. Go to the Map tab and Right-click on the map and select Zoom Extent.
"% Carlson SurveyGNSS - C: Temp',bug' Hem3008" - |EI|£|

File Wiew Edit Select Analysis Tools Help

'] Map | Observations | Wectors | Positions ¥
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Our station BOBL1 is located in Connecticut, north of New Haven.

You may skip Step 4 when you are not interested in passive published control points
and to go directly to CORS station selection.

4. We would like to find control points in our area. We can use these points as base
stations for our own GNSS receiver, or add one or more points to our network for QA.
Go to Tools>Search Public Control... You will see a map of the U.S. (more active
reference networks will be added to SurveyGNSS at a later stage). Follow the given
guideline: Zoom to maximum 2°x 2° x area of interest...
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Displaying 8 found control stations. Click on any to see further information. Viewing 0.38° x 0,18° j

Once you have zoomed to an acceptable level, select GNSS Only as the type of
control point, and then press Search for Control.

The number of located stations depends on your zoom-level. For the 0.38° x 0.18°
area above, 8 stations were found.

Left-click on the station near Route 70. You will see it has the identifier DG5871.
When you close the pop up, you will note that a tab DG5871 has been created. In the
tab you will find the NGS data sheet with full information about the control point.

Search Published Control
€ pesart |

=0l x|

Map

The NGS Data Sheet

See file dsdata.ba for more information about the datasheet.

PROGRAM = datasheet95, VERIICHN = 8.2

1 National Geodetic Jurvey, Fetrieval Date = SEPTEMEER 4, Z013

DGSS"I.‘:L e e e e e i e e
DZ587Y1 DESIIGNATION - CENTROID

DF5871 PID - D35871

DG55371  STATE/COUNTY- CT/NEW HAVEN

DZ587Y1  COUNTRY - us

DEEY1  U3IGI QUAD -  SOUTHINGTON (1992)

DGEET1

DGEET1 *CURRENT SURVEY CONTROL

DG5EY1

DEEEY1Y MAD 83 (2011) POIITICW- 41 30 39.56251(N) 072 52 59.862Z1(W) ADJUSTED
DGEEY1Y MALD 83 (2011) ELLIP HT- 40,225 (meters) (O6/277512) ADJUSTED
DZ58Y1Y MNAD 83 (2011) EPOCH - Z010.0o0

5871y NAVD 38 CORTHO HEIGHT - 69,5 [meters) 228. [feet) GP3 OE3
DGEET1

ATl ==l I | BITATY S22 4 ' - ANT oS oA = = =Y T LI

(04 | Cancel |
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When you exit the DG5871 tab by pressing OK, the control point will be added to the
project as a known point. This was merely an illustration of the use of passive control
points. We will not use this point in this tutorial.

5. We will now locate the active stations (CORS) near our BOB1 marker. We will search
in a radius of 105km. This radius exceeds the 100km default, so go to Edit>
Preferences... and then change the Proximity value under General Settings to
105km.

Make sure you have the BOB1 observation selected in the Observations tab (with
Ctrl-left click). This observation will be the center of the search area. Now go to
Tools>Search Published Observations... A list of available reference stations
around BOBL is presented. The list is sorted by distance to BOB1.

Available Reference Stations MNear BOBL

Station | Identifier Distance [hm] a Territary | Place Operatar Status

CTME  DHY13 240 | Connecticut Cepartment of Transpaortation

CTGU - DHSE33 265 Connecticut Department of Transpaortation

CTBR  DHSS25 473 CT Brookfield Connecticut Department of Transpaortation
CTA DHSE39 49.4 CT Winchester Connecticut Department of Transportation
CTEG  DH3E29 S04 CT East Granby Connecticut Department of Transpartation

Interval [=]

|:| |:| |:| |:| Showing all 46 rows

6. Right-click on one of the stations and then select Acquire to bring in the RINEX file
from that station. SurveyGNSS will automatically make sure that the correct data,
time and observation interval is chosen. Select the stations CTNE at 24.0km, CTGU
at 26.5km and LAMT at 103.4km. The LAMT station exceeds the 100km default
search range. If this station is not in the list, go to to Edit> Preferences... and then
change the Proximity value under General Settings to 105km.

When you download a station RINEX file the Status field will show a green bar
showing progress.

7. After downloading the data from the 3 reference stations, we now have 4 occupations
and our Map should look like this:
"% Carlson SurveyGNSS - C:% Temp'bugHem3008" Activestat.sq

File Wiew Edit Select Analysis Tools Help

r_. r_. . r_. r_. 0.
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Note that the reference stations are automatically marked as Known (in red).
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8. Go back to the Observations tab and select the observations to BOB1 one by one.
Process each observation with Analysis>Compute Vector(s).

9. Go to the Vectors tab and review the processing result. Even the long 100km
baseline is fixed with more than 99% of fixed ambiguities. This indicates high quality

data.
From = From File From &ntenna Height [m] To & To File To Artenna Height [m] Length k]« Solution Gty PDCP
CTGU Jobsiretictou! 960130 0.000 BOE A Documents and SettingsfR 1.4468 26515 FixedLO hicth 21
CTHE Jobsiretictne 960130 0.000 BOE A Documents and SeftingsfR 1.4468 23860 FixedLO hicth 21
LAMT Jobsireflamt! 9601350 0.000 BOE A Documents and SettingsfR 1.4468 10333 FixedLO hicth 21

The network configuration is a typical resection. The next step is to carry out a least-
squared adjustment, See Tutorial 3.
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10.3 Tutorial 3: Least Squares Adjustment

In this tutorial you will carry out a least squares adjustment using the processed baselines
from Tutorial 2.

1. In Tutorial 2 we have concentrated on processing the raw data. For this purpose it is
not required to have a plane coordinate system active. Now that we want to calculate
the final position of our new station we need a coordinate system. Go to Edit>
Spatial Reference, search ‘Connecticut’ and pick ‘EPSG:26956:
NAD83/Connecticut’. Exit the screen with OK.

2. Go to the Positions view and right-click on one of the yellow or red status icons
(triangle). Then select Coordinate Display...> Projected Your view will look like
this:

"% Carlson SurveyGNSS 2014 Expired - C:3PP-Proje -0l x|
File Wiew Edit Select Analysis Tools Help

£ Map | Observations " Yectars 1 Positions ¥

Status | Aame - Easting [m] Marthing [m] Ellippzoidal Heighit [m]

£ OB 295316169 24EE1 047 54 494

& CTHE 307755.545 245712805 41 746

& CTGU F1E77 6324 203050072 -18.103

A LAMT 207305.024 172064 359 0181

1| | »

(T[] showing ai 4 rows = EE W (g

4| [ ]
|Rea|:|';.f mektre | MADSE3 [ Connecticut ,2'

Note that the heights are either ellipsoidal heights or if a Gravity Model has been
enabled under Edit> Preferences...> General .

The reference station coordinates have all been marked as known (red); these
stations will be kept fixed in the adjustment. Station status of BOB1 is how yellow
instead of blue. This which means it has been processed but is not yet adjusted.

3. Go to Edit> Preferences... and then to Adjustment. This will open the windows with
settings for the adjustment. We will leave the General settings as they are (see
below). The GNSS Vector Weighting setting is an important setting because we
need realistic precision values for our input observations in order to achieve a realistic
precision for our adjusted coordinates. The precision values (the 3x3 covariance
matrix) from the post-processing are often over-optimistic and require a correction. In
this case we will introduce a Variance Factor of 32 to scale the precision of our
vectors. Our correlation coefficients will stay intact. See the required settings below.
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—General

Confidence Level I‘BS.D o,

Convergence Limik IEI.EIEIIIIl m

Tteration Limit |10

Centering Errar |3 T

—iEhSS eckor Weighting

".ﬁ. Priori Method

{* Variance Fackor {~ Standard Dewviakion " Skandard Deviation Scale

& Priari Yariance Fackar |32.III

& Priori Standard Deviakion |5 mm + |1 ppm

— Compute Relative Elipses

Ohservations W
Stations Within (50000 m

4. Select OK to leave the Adjustment window and go to the Vectors view and select all
3 vectors. Then go to Analysis> Adjust Network.

B Carlson SurveyGNSS 2014 NOT FOR RESALE - CATMP\TUT\t2.sgp

File View Edit | Analysis| Tools Help
5 Map | 5 obse [ Compute Vector(s)
e From § [ Compute Vector(s) With Options...

cTGU obs/re = View Closures ’
CTNE oy 3 Adjust Network 1
LAMT obs/refflamt1960.130 0.000 BOBA1

SurveyGNSS will present the results in the Least Squares Adjustment Summary
below. The Chi-square statistical test has accepted our model.

5. Now go back to Edit> Preferences...> Adjustment . Change the Variance Factor
value to 25, and rerun the adjustment; Analysis> Adjust Vectors.

If you check the Least Squares Adjustment Summary you will see that the Chi-
square test has now failed. By decreasing the variance factor to 25 we are too
optimistic in describing the accuracy of our input data. Set the factor back to 32, rerun
the adjustment. To accept the adjustment result select File> Save Adjustment.

Note that the Chi-square will also fail when observations are incorrect or the network
contains a blunder. In that case increasing the factor is not a proper solution. A better
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scenario is to try to identify a faulty observation or known station and rerun the
adjustment.

Adjustment Surmmary

Least Squares Adjustment Summary

CAPP-Projectsi1308T2 s0p

G 3201312:51:34 Pt

Ohservations

Unknovwns

Degrees of Freedom

Convergence Limit

terations

Confidence Level

A Pozteriori Reference YWariance

15

12

00001

3

a5

0.0a

Chi-zguare Reference Yariance Test 1.237 == 13818 == 14 449 [paszz]

Carlson SunveyGHSS

6. Go to the Positions view. The status icon of BOB1 has now turned green, indicating
we have an accepted adjustment result.

File “Wiew Edit Select Analysis Tools Help

= Map [5] Dbservations = vectors 51 positions ¥
Status | Name - Easting [m] Marthing [m] Ellip=oidal Height [m] o= [cm] oy [em] | oz [om]
A BCB1 296316171 224661.042 34481 2,761 2251 2 BEO
Fy ZTHE 307755545 245712805 41 746
A CTGU 1677 654 203050.072 -15.108
r LAMT 207303.024 172064 359 0131

The indicated standard deviations are well below 3cm. If we take as a rule of thumb
that are baseline accuracy will be around 1cm+1ppm, then with baselines of around
25 and 100km ( 3.5cm and 6.0cm respectively) we have a proper result.

7. Goto File>Save As...Carlson RW5 and select a name for the RWS5 file i.e. BOBL.
You have now created a RWS5 file with geographical coordinates for the station points.
The RWS5 file can serve as an exchange format to other Carlson Software products.

For example, to change the ellipsoidal height to orthometric (leveling) heights and to
change the units from meters to feet, import the RW5 file in Carlson X-port and
process with the settings below.
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Projection: USAFHADS3fConnecticut
Geold: GEODID99
Alignment File: HOHE

Point Latitude Longitude GPS Elevy Rod Height Geoid
Ho. Horthing Easting Elevation Description
BOB1 41°29'02.20459" -72°51'05.72873" 34.481 0.000 -96.341
BOB1 737075.436 972163.972 209.468
CTHE 41°40'24_71719" —-72°42'52.25324" 41.746 0.000 -96.146
CTHE 06142 .761 1009694. 660 233.107
<% GPS Settings

L 0O.000 -98.622
Projection Type tore Pre-Defined/Jzer-Defined
Zonz | 0.000 -102.639

System: USA/MNADEIConnecticut Setup

[ Use alignment File For Localization

I Y00 8 K Y \_ILILE

Harizontal Transtormation IF'Iane Sirnilarity
Yertical Tratsfarmation ITmE.j Plane
Ore Point &ligament &zimuth IState Plane Grid
Twe Famt Aligr M ethod IFit % Fatate
Geoid Ta Apply |Us (Geoidag)

Project Scale Factar |1 000onoao0
Decimals for Report IEI.EIEIEI vI

tultiple teazurement To Same Point

[ Create Point Motes
] 4 | Cancel | Help |
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10.4 Tutorial 4: Processing of Stop and Go Data

In this tutorial you will process data from a Stop and Go survey that was carried out with
Carlson SurvCE.

1. Start SurveyGNSS and select File > New to open a new project. SurveyGNSS
projects will have the extension ‘sgp’ . Call the project ‘SNGsurvey’ or another
appropriate name.

%% Carlson SurveyGNSS - [no project]

File W“iew Edit Select Analysis Tools Window Help

ﬂ 5 | ¥ectars = positions

Open

B Close

@ Recent Projecks g
Expork L

] Exit

|

2. We will import the base and rover file. The base file is in RINEX format. Drag the file
1809base.130 from your Windows browser to the Observations tab in SurveyGNSS.
The rover part of the stop and go data consists of the SurvCE RW5 file and the rover
raw data LOG file in a proprietary format. Drag and drop the 1802rov.RWS5 file onto
the Observations tab, the rover raw data file is now automatically loaded.

3. Go to the Positions tab. You should see a base point and 41 rover points with their
descriptions.

%% Carlson SurveyGNSS 2014 Expired - C:\PP-Projects\SNGsurvey.sgp
File Miew Edit Select Analysis Tools Help

[ Map | 51 Observations = Vectars [Z| Positions
Status | Mame - ¥ [m] Y [m] Z[m] Remarks
A 1809%haze 3885077 395 394462 915 5029039.199
F Y 1000 3885019.044 354450 227 5029096 852 EP
F Y 1001 3885017 895 354459751 5029097 475 EP
A 1002 3885006 292 354454 9638 S029106.415 EP2
A 1003 38585002 158 354455 365 S029109.575 EPZ
A 1004 3554975.530 354449 225 2029125 635 LP
A 1005 3854935.0549 354449 347 S029115.878 H%D
1
I:I I:I I:I |:| Shaowing all 42 rowes

Right-click on the Status icon of the 1809base station and change the Position
Status... to Known. This will change the icon from blue to red.
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4. To set the plane coordinate system, go to Edit> Spatial Reference... . This will bring
you to an online database of coordinate systems. In this tutorial we will use a
standard UTM projection; in the Search References Field enter ‘31N’ and then select
Search. Pick the ‘ETRS /UTM zone 31N’ coordinate system from the list
(EPSG25831) and select OK.

Right-click on any blue triangle, select Coordinate Display... and then Projected.
Now you will see the coordinates displayed in UTM projection.

On the bottom right of the screen you should now see the selected UTM coordinate
system. This coordinate system is now active.

5. Let’'s assume that during the stop and go survey we only had approximate
coordinates for our base point, and that we now have more precise coordinates
available. We want to edit the base position and enter the known coordinates.
In the Positions view righty click on the Status icon of the 1809base station and
select Edit Position(s)...

In the Edit Position window, change the projected coordinates to:
Northing: 5806070.750m
Easting: 650614.600m
Height: -2,800m (Ortho)
Exit with Save.
Note that the for the actual post-processing in the next step, the new base
coordinates will be used, but the base RINEX file header is not updated.

Edit Position 1803haccatl e 33

Geocentric ¥ 3885077.003 Y 354462.879 Z 5029038.652

Geographic Latitude 52°23'2.94030"M Longitude 05°12'47.02952"  Ellipsiodal Height 40.33

Projected Morthing 5806070.750 Easting 650614.600 Orthometric Height -2.SDE||

v [ptestn] [aacancein]

6. Inthe Observations tab, Ctrl-left click on “1802rov.130’ below the first stop and go
point (point 1000) and then right-click to bring up the menu. Select Observation
Details from the menu. The Observation Details window will open at the bottom of
the screen. It is important for the processing that the correct rover antenna type is
known so that the correct height offset is applied. Scroll down to Antenna Type and
select ‘NOV702GG None’, then Save Changes and exit.

1 ] Collapse Observation Groups
|-l Expand Observation Groups
3 Remove Observation(s)
| $& Search Published Observations...
ﬂ Compute Vector(s)
E Compute Vector(s) With Options...

- -
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--NOV701GG_1.03 NONE R
=l 1004 [1 occupation| :..NOV702 NONE

T4/1802rov.130 57
--NOV702GGL_1.01 NONE
--NOV702GG_1.02 NONE
--NOV702GG_1.03 NONE
==k -~NOV702L_1.01 NONE S—
L)) shf i novzozL_1.03 NONE

(=] 1005 [1 occupation

< | ~Novm2.202 NONE =
— | ~NOV702_3.00 NONE ==
Observation Details --NOV703GGG.R2 NONE

Recever

--NOV750.R4 NONE
Number EZZ 104580| :-NOV750.R4  NOVS
--NOV750.R4 SCIS

Antenna --NOV750.R4  SCIT o
MOM IMIAAC SO0 MOME

Type | »|NOV702GG  NONE Numt

Eccentricity Height 0.000 E

7. Make sure the base station observation at the bottom of the observations list is
selected as well by Ctrl-left clicking. Now both the base station and the first stop and
go point are selected (to process all stop and go points only the first points needs to
be selected). Right-click to bring up the menu and pick Compute Vector(s).

8. Go to the Vectors tab to review the processing result. All the stop and go points have
a fixed solution and high quality. If you don’t get a fixed solution, go to
Edit>Preferences... and make sure that the Elevations Mask under Vectors is 15
deg and run Compute Vector(s) again.

9. Go to the Map view W Carlson SurveyGNSS 2014 Expired - C:\PP-Projects\SNGsurvey.sgp
and right-click to File WYiew Edit Select Analysis Tools Help
select _Zoom Extent. \_‘Ff] Map »‘_F"] Observations f‘ﬁ VYectors | || Positions
You will see the > e e e L e e,
cluster of stop and go | :
points, all marked
yellow (successfully
processed).
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10. Go to the File menu and select Save As... and then either the Carlson CRDB or

RWS5 format.

%% Carlson SurveyGNSS 2014 Expired - C:PP-Projects,SNGsuryey.sqp

File Wiew Edit Select analysis Tools Help
B Mew kions I vectars [ Pasitions

Eﬂ Qpen
[q Clos

I

e Os,,. CpenEISE KML Encoding Standard
@ Recent Projectks  » @ Land<MLE Encoding Standard

E] Exit %5 Carlson CRDB

The CRDB and RW5 format can now be imported in Carlson Survey and then
processed by Field to Finish. The result will then look like this:

1030 3L 1022

Lol

a0z

160&
1634
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Tip: Itis possible to process this file as a kinematic survey. In a Stop and Go survey
(sometimes called semi-kinematic) there is a position calculated for all rover points in
the RW5 file. In a kinematic survey there is a position created for every epoch; when
the observation rate is 1 second (as in this example) then a position is calculated for
every second.

Remove the RWS5 file from the data folder and drag and drop the 1802rov.LOG file
onto the Observations tab. Note that you now see an observation every second in
the Observations tab and the point number is replaced by a date-and-time indicator.
Process as before by Compute Vector(s). The kinematic data is stored in an output
file with the extension ‘.pos’ .
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