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Preface

PREFACE

Thank you for purchasing this product. The materials available in this Manual (the “Manual”) have
been prepared by NIIMA PROGRESS (“NIIMA PROGRESS”) for owners of NIIMA PROGRESS
products. It is designed to assist owners with the use of PGO Software and its use is subject to
these terms and conditions (the “Terms and Conditions”). Please read these Terms and Conditions
carefully.

TERMS AND CONDITIONS

COPYRIGHT - All information contained in this Manual is the intellectual property of, and
copyrighted material of NIIMA PROGRESS. All rights are reserved. You may not use, access, copy,
store, display, create derivative works of, sell, modify, publish, distribute, or allow any third party
access to, any graphics, content, information or data in this Manual without NIIMA PROGRESS’
express written consent and may only use such information for the operation of your software. The
information and data in this Manual are a valuable asset of NIIMA PROGRESS and are developed
by the expenditure of considerable work, time and money, and are the result of original selection,
coordination and arrangement by NIIMA PROGRESS. TRADEMARKS - PGO™, NIIMA
PROGRESS® are trademarks or registered trademarks of NIIMA PROGRESS. Windows® is a
registered trademark of Microsoft Corporation; Bluetooth® word mark is owned by the Bluetooth
SIG, Inc. Product and company names mentioned herein may be trademarks of their respective
owners.

DISCLAIMER OF WARRANTY - EXCEPT FOR ANY WARRANTIES IN THIS MANUAL OR A
WARRANTY CARD ACCOMPANYING THE PRODUCT, THIS MANUAL IS PROVIDED “AS-IS.”
THERE ARE NO OTHER WARRANTIES. NIIMA PROGRESS DISCLAIMS ANY IMPLIED WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR USE OR PURPOSE. NIIMA
PROGRESS AND ITS DISTRIBUTORS SHALL NOT BE LIABLE FOR TECHNICAL OR EDITORIAL
ERRORS OR OMISSIONS CONTAINED HEREIN; NOR FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES RESULTING FROM THE FURNISHING, PERFORMANCE OR USE OF THIS MATERIAL.
SUCH DISCLAIMED DAMAGES INCLUDE BUT ARE NOT LIMITED TO LOSS OF TIME, LOSS OR
DESTRUCTION OF DATA, LOSS OF PROFIT, SAVINGS OR REVENUE, OR LOSS OF THE
PRODUCT’S USE. IN ADDITION, NIIMA PROGRESS IS NOT RESPONSIBLE OR LIABLE FOR
DAMAGES OR COSTS INCURRED IN CONNECTION WITH OBTAINING SUBSTITUTE PRODUCTS
OR SOFTWARE, CLAIMS BY OTHERS, INCONVENIENCE, OR ANY OTHER COSTS. IN ANY
EVENT, NIIMA PROGRESS SHALL HAVE NO LIABILITY FOR DAMAGES OR OTHERWISE TO YOU
OR ANY OTHER PERSON OR ENTITY IN EXCESS OF THE PURCHASE PRICE FOR PGO.
LICENSE AGREEMENT - Use of any computer programs or software supplied by NIMA
PROGRESS or downloaded from a NIIMA PROGRESS website (the “Software”) in connection with
the NIIMA PROGRESS receivers constitutes acceptance of these Terms and Conditions in this
Manual and an agreement to abide by these Terms and Conditions. The user is granted a personal,
non-exclusive, non-transferable license to use such Software under the terms stated here in and in
any case only with a single computer. You may not assign or transfer the Software or this license
without the express written consent of NIIMA PROGRESS. This license is effective until terminated.
You may terminate the license at any time by destroying the Software and Manual. NIIMA
EOGRESS may terminate the license if you fail to comply with any of the Terms or Conditions.
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Preface

You agree to destroy the Software and manual upon termination of your use of software. All
ownership, copyright and other intellectual property rights in and to the Software belong to NIIMA
PROGRESS. If these license terms are not acceptable, return any unused software and manual.
CONFIDENTIALITY - This Manual, its contents and the Software (collectively, the “Confidential
Information”) are the confidential and proprietary information of NIIMA PROGRESS. You agree to
treat NIIMA PROGRESS’ Confidential Information with a degree of care no less stringent that the
degree of care you would use in safeguarding your own most valuable trade secrets. Nothing in this
paragraph shall restrict you from disclosing Confidential Information to your employees as may be
necessary or appropriate to operate PGO Software. Such employees must also keep the
Confidentiality Information confidential. In the event you become legally compelled to disclose any
of the Confidential Information, you shall give NIIMA PROGRESS immediate notice so that it may
seek a protective order or other appropriate remedy.

WEBSITE; OTHER STATEMENTS - No statement contained at the NIIMA PROGRESS website (or
any other website) or in any other advertisements or NIIMA PROGRESS literature or made by an
employee or independent contractor of NIIMA PROGRESS modifies these Terms and Conditions
(including the Software license, warranty and limitation of liability). MISCELLANEOUS - The above
Terms and Conditions may be amended, modified, superseded, or canceled, at any time by NIIMA
PROGRESS. The above Terms and Conditions will be governed by, and construed in accordance
with, the laws of Russian Federation, without reference to conflict of laws.

REGULATOY INFORMATION - The following sections provide information on this product’s
compliance with government regulations.

SCREEN CAPTURES - This manual includes sample screen captures. Your actual screen can look
slightly different from the sample screen due to the receiver you have connected, operating system
used and settings you have specified. This is normal and not a cause for concern

TECHNICAL ASSISTANCE - If you have a problem and cannot find the information you need in the
product documentation, contact your local dealer. Alternatively, request technical support using
the NIIMA PROGRESS World Wide Web site at: https://progeo.expert/en/



Chapter 1. System administrator's guide

CHAPTER 1. SYSTEM ADMINISTRATOR'S GUIDE

This document contains instructions for installing ProGeoOffice software.
The document describes the system administrator's operations for installing new products and

servicing already installed products (correcting, changing, deleting). The document is also suitable
for use by untrained users.

SYSTEM REQUIREMENTS:

Processor: Intel or AMD dual or multi-core

RAM: not less than 8 GB

Operating system: 64-bit Microsoft Windows 7 — 11 versions
ROM: not less than 500 MB

oD~

TECHNICAL SUPPORT CONTACTS AND WEBSITE:

E-mail: support@progeo.online
The site of the company:_https://progeo.online
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Chapter 1. System administrator's guide

1.1 Installation

To install ProGeoOffice execute the ProGeoOffice_ X.XX.XXX_Installer.exe installation file. The name
of the installation file contains the program version. The program version consists of three integer
values. The first indicates the main version of the program. The second indicates the version of the
project with which the program works. The third indicates the build number. Newer versions contain
higher values. New versions support opening and updating older version projects. When the
installation file is executed, the previously installed version of the program is uninstalled
automatically. Installation does not require administrator rights and is performed in
“%LocalAppData%\Progress\ProGeoOffice\"(C:\Users\username\AppData\Local\Progress\ProGe
oOffice\).

1.2 Installation steps

A welcome window with information about the product and installation tips will appear after
launching:

& ProGeoOffice Setup = X

Welcome to ProGeoOffice Setup

Setup will guide you through the installation of ProGeoOffice.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

Figure 1 — Product information window

After clicking the “Next >” button the program will uninstall previous version of application, if any,
and install a new one.



Chapter 1. System administrator's guide

@ ProGeoOffice Setup

Installing f,:*-\
Please wait while ProGeoOffice is being installed. kg_,-//

Extract: C:\Users\av. boikov\AppDataiLocal\Progress\ProGeoOffice\ReportsiGeoData\gan201

: Show details

ullsaft Install Swsterm w3,09
< Back Mext = Cancel

Figure 2 — Uninstall previous version of application window

Once the installation is complete, a corresponding window will be displayed with the option to
launch the newly installed software.

& ProGeoOffice Setup

Completing ProGeoOffice Setup

ProGeoOffice has been installed on your computer,

Click Finish to dlose Setup.

<Back Cancel

Figure 3 — Corresponding window will be displayed

After clicking the “Done” button, the presence of a license will be automatically checked, and if it
is not present, the license manager will be opened.
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.ﬂb\

¥ Progress Company License Manage
Online N
_O Activate a new license
_O Activate an unlinked license
Non-personalized license (1131363083) @
ProGeoDffice
(=]
- E;_(‘-—l # Activating a new license = O *

Key

oK Cancel

Figure 4 — License manager window
1.3 Progress company license manager

The license manager is installed and supplied with the software and serves to activate, deactivate,
transfer and update software licenses. An Internet connection is required for activation. Offline
activation is possible via another computer with Internet access.

To activate a new license, you need to click the “Activate new license” button, then in the window
that opens, in the “Key” field, enter the 34-character key value in the format XXXXXX-XXXXXX-
XXX = XXX -XXXXXX.

After clicking “OK”, a request will be made with information about the PC on which the software is
installed to the activation server and if the key matches the license, then the PC data will be linked
to this license. After which the license will be installed and will appear in the list below:

Mon-persenalized license (3905450077) @
ProGeoCffice

(<] O Reports 31.12.2024 23:58:59
@ Q StaticProcess  31.12.2024 23:59:50

Figure 5 — License activation window

The license will be displayed with the buyer's information, if this information is not specified,
"Unnamed license" is displayed. The unique license identifier is indicated in brackets next.

icon indicates that the software can be run on virtual machines under this license. If the icon
is crossed out, this option is prohibited.
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@ icon indicates that the software can be used via Remote Desktop Protocol (RDP) under this
license. If the icon is crossed out, this option is prohibited.

icon indicates that the license is not active, or activation has not been completed, or the license has
expired. If the icon is not crossed out, the license is active.
For each software component, a separate entry indicating the current permissions, component name, and

license term or number of launches.

Clicking the button @ will provide the “Update” menu, allowing you to update the set of
components or permissions.

1.4 Uninstallation

To uninstall the software execute the Uninstall.exe program. It is located in the folder with the
installed program. It is possible to execute it using the shortcut in the menu “Start” -> “All
Applications” -> “Progress” -> “Uninstall ProGeoOffice”.

Progress

\'i_;? ProGeoOffice

,:’\ - -
\’i._/f? Uninstall ProGeoOffice

Figure 6 — Window with the installed program

Also through the “Installed applications” menu:

Apps > Installed apps

ProGeoOffice| X = 88 @
= Filter by:  All drives 5 - Sortby: Name(AtoZ) ~
1 app found

== ProGeoOffice

=)
&' 1848 | Progress | 8/2/2024

Figure 7 — Menu Installed applications
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1.5 Updating

To update the software, you need to download the new version of the program from the company's
website specified in the introduction. Then install it in accordance with the section "Installing
ProGeoOffice".

1.6 Settings

User settings store items: coordinate systems, reference points, lists of open projects, etc. When
reinstalling the program, these settings are saved and updated as needed to work with the new
version of the program. If you need to delete, save or move to another computer or for another user,
you must copy or delete the %USERPROFILE%\Documents\ProGeoOffice folder
(C:\Users\username\Documents\ProGeoOffice) and all its contents.

13
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CHAPTER 2. MAIN WINDOW

When ProGeoOffice is starting the Main program window appears. This window contains Main
menu, Tool and Status bar, a project and map panes as well:

2 - o x

—
E
*—

Elproject FiMap FrjView {3 Tooks (@)Program ([P Help

DBERL|EE|0T HFOSIQQABAR | ZB®OL (DA OKY
4 [ (B vectors @
4 M £ 23112023

» B4 & SHEH_ 2023 1123 12.0C

£ ZUNG 2022 11 23 12.0C

» [ 2 NRFM_2023 1123 1200

4 |4 2 VORN_2023_11_23_12_01
# Solution 1

[ 2 LavH_2023_11_23_12.0C

£ SHEH_2023_11_23_12.0¢
» B4 & 7ING_2023_11_2312_0C
» B4 & sFRN_2023_11_23_12_00
» [ £ LAVH 2023 11.23.12.0C
4 [ 8 NRFM_2023_11.23 1200
# Solution 1

> 4 VORN_2023_11_23_12_01

[] 2 BaLB 2023 11.23 12.00

>
>
>
4

KER
»
v
v
=
=
II\J
1
|
ra
o
]
o
=
s
2

[0 % ZLNG_2023_11_23_12.0¢

[0 % NRFM_2023_11_23_12_00

4 [ & VORN_2023_11_23_12_01
# Solution 1

[0 & LavH 2023 1122 12.0C

4 £ VORN_2023_11_23_12_00_0 -

< >
Source @ Process @ < I | Finished/Total: 0/2 (56%) Time: elapsed 00:00:07; left D0:00:00; total 00:00:06

@ Adustment @ Map S Projects Latiude Longitude
Figure 8 — Main window

£ wasas

Below are the terms used in this manual;

Project SQLite database

Epoch a set of data sufficient to calculate coordinates at a single point in time
Position map point object corresponding to the Epoch

Dataset project table that contains data for unique receiver and antenna pair

Point a point object based on (1) a navigation solution when importing a GNSS static

data file, (2) coordinates calculated by a satellite receiver, (3) RINEX header
coordinates, (4) a tag in an RTCM message

Recordset a query from dataset. Static and kinematic recordsets

Vector an object corresponding to the common part of two overlapping recordsets. A
pair of static recordsets form a linear object. Otherwise, a collection of point
objects - Positions

Solution a result of Vector post-processing
Edge network element, result of static solution adjustment
Site an object created by import raw data file according to standalone, DGPS, RTK

solutions, header of RINEX, tag in RTCM message

14



Chapter 2. Main window

2.1 MAIN MENU

Main menu contains the following items:

-

'\I'
=

=y

Eg} Project %Map :VIE‘W {E}TDDIS F'ru:rgram [[EHE'F

Project

Figure 9 — Main menu

The Project menu contains the following items:

Ty
LI

gprDjEL't %Map :‘u’lew ﬁ
Mew...
Open...

Save as.

AT

Close

Template g

Settings

Compact

2 [

Import...

ns

Import folder...

f=""}

iz

Export to... »
Exit
D:\2023-11-23-Thour.pgx
Clear history

Figure 10 — Project menu item

New... create a new project

Open... open an existing project

Save as... save the project with a new name

Close save and close the project

Template select a project settings template

Settings parameters and settings of the current project
Compact remove empty database entries

Import... import data files

Import folder... import a folder containing data files

Import fo... export project data to one of the exchange formats
Exit exit program

History list of five recently opened projects

Note: some project menu items are duplicated in the toolbar
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Chapter 2. Main window

Map

The Map menu contains the following items:

Zoom [ 2

S

Cl

cx Select [
ﬂ Pan (Alt)
&

Ruler

Wiew >
| 5 Legend

Figure 11 — Map menu item

Zoom contains the following items:

x] Zoomin
(=} ZoomOut
@ Showall Ctr+Space

Figure 12 — Menu item Zoom

Zoomin increases map scale
ZoomOut decreases map scale
Show all all objects on program layer will be shown

Select contains the following items:

Tz | Select

‘s Select By Rect

_-e:

[ UnSelect

Figure 13 — Menu item Select

Select select object
Select By Rect select all objects in the area limited by the frame
Unselect cancel previously made selection

Move - panning a map.

Ruler- invokes a tool for distance and azimuth measurement.

View contains the following items:

16



Chapter 2. Main window

Back

3 J

Forward

Scale
Snap disabled

Show graticule

o
i & o

Background map

of P
2 A

Background satellites

Clear map cache

Figure 14 — View menu item

Back return to previous map scale
Forward return to next map scale
Scale setup map scale
& Scale >

Pixels per meter:

0,0045
QK Cancel
Figure 15 — Map scale
Snap disabled enable/disable the mode of cursor snapping to point objects
Show graticule show/hide grid
Background map show background as a map

Background satellites  show background as a photo

Clear map cache clear map cache

Legend list of map signs
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Chapter 2. Main window

View
View contains the following items:

EView (ﬁ Tools @ Program
Progress
Solutions
Kinematic Solutions
Vectors
Edges
Recordsets
Receivers
Markers
Precise Point Positioning
Sites

Figure 16 — View menu item

Progress - data processing progress information

@ &

Type Time Remaining MName Status Progress Finished Speed Log
S 000032 00:00:01 NGNK_2023_11_23_12_00_00=>SFRN_202... integer processing 1 7% T%/s
00:00:32 00:00:01 RAMN_2023_11_23_12_00_00=>LAVH_202.. phase evaluation ] 94% 94%/s
& o003z 00:01:35 RAMN_2023_11_23_12_00_00=>NGNK_20... phase evaluation 1 1% 5%/s
00:00:02 00:00:01 SFRN_2023_11_23_12_00_00=>SHEH_2023... rover capturing 0% 0%/s
S 00:00:00 00:00:01 NGNK_2023_11_23_12_00_00=>NRFN_202... ‘Waiting 0% 0%/s
000000 00:00:01 SFRN_2023_11_23_12_00_00=>LAVH_2023... Waiting 0% 0%/s
Records count: 16 | Time: 00:00:32 | Time left: 00:01:08 | 22% | Finished / Total: 2/18 |
Figure 17 — Progress
Solutions - solutions table
RecNo Style  Begin point End point Begin time End time Time span Processed  Length, m RMS m  Fixrati. MNummess MNumused discarded, %
1 & ZLNG_2023_11_. LAVH_2023_11_2.. 23112023 1200:00 23.11.2023 12:39:59 0/ 1:00:00 0412.202.. 21984319 0.0098 o4 285209 293270 -3
2 #  RAMN_2023 11.. ZLNG_2023_11_2.. 23.11.20231200:00 23.11.2023 125959 0/1:00:00 04.12.202.. 81078748 0,0101 98 225578 190138 16
3 & BALB_2023_11_2.. VORN_2023_11_. 23.11.20231200:00 23.11.2023 12:3%:59 0/1:00:00 0412.202.. 36670,995 00102 98 400161 387982 3
4 & BALB 2023 11_2.. SHEH_2023_11_2.. 23.11.2023 1200:00 23.11.2023 12:59:59 0/1:00:00 04.72.202.. 51940,048 0,0090 92 508708 478518 [}
5 & SHEH_2023_11_.. VORN_2023_11_. 23.11.20231200:00 23.11.2023 12:39:59 0/1:00:00 04.12.202.. 25902931 00108 98 398170 402742 -1
3] & VORN_2023_11_.. LAVH_2023_11_2.. 23.11.2023 1200:00 23.11.2023 12:59:59 0/1:00:00 04.72.202.. 63372958 00114 98 307921 277072 10
<
Records count: 31 | Selected: 0 |
Figure 18 — Solutions
Kinematic Solutions - kinematic solutions table
o
RecMo Style  Begin point End point Begin time End time Time span Epochs  Mum.. Fixratio, % Visible
1 ¢ MewBase / Site: NewBase Track 1407.2004 10:3%:14  14.07.2004 11:15:42 0/ 1628 988 943 95
2 % Base/Site: Base Track 14.07.2004 10:58:14  14.07.2004 11:15:42 0/ 0:16:28 9838 943 95

Records count: 2 | Selected: 0 |

Figure 19 — Kinematic Solutions

18



Chapter 2. Main window

Vectors - vectors table

RecMo  Style Begin peint End point Begin time End time Time span Epochs  Length, m Azimuth Visible Solutions
1 & RAMN_2023_11.. NGMNK 2023_11. 23.11.202312:00:00 23.11.2023 12:5%:59 0/ 1:00:00 3600 35522497 197 58' 00,63464" 1
2 # RAMMN_2023_11.. SHEH_ 2023 11_.. 23.11.2023 12:00:00 23.11.2023 12:59:59 0/ 1:00:00 3600 66956,203 228° 22" 33,67134" O 1
3 # RAMN_2023_11.. ZING_2023 11_.. 23.11.202312:00:00 23.11.2023 12:59:59 0/ 1:00:00 3600 81078763 306° 37" 43,75853" O 1
4 # RAMN_2023 11.. SFRN_2023_11_.. 23.11.2023 1200:00 23.11.2023 12:59:59 0/ 1:00:00 3600 71458518 338° 25' 38,23688" O 1
5 o~ RAMN_2023_11.. NRFM_2023_11.. 23.11.202312:00:00 23.11.2023 12:5%:50 0/ 1:00:00 3600 a7011,602 2587 38' 31,21259" 1
[ #  RAMN 2023 11.. WORN 2023 11.. 23112023 12:00:00  23.11.2033 172:58:50 0/ 1:00:00 3600 73229749 249° 03' 07 79519" 1 1

Records count: 36 | Selected: 0 |

Figure 20 — Vectors

Edges - adjustment results table

RecMo  Style  SubMet.. Begin point End point dX, m dY, m dZ, m Sigma X (M), m Sigma¥ (E), m SigmaZ (Ul m Cor (N}, m
1 s 1 RAMN_2023_11_23_12.. NGNK_2023_11_231.. 33386,908 12130,056 -100,882 0,000 0,000 0,000 0,000
2 7 1 RAMN_2023_11_23_12... SHEH_2023_11_23_12.. -44474 892 -50050,708 -298,981 0,000 0,000 0,000 0,000
3 rs 1 RAMMN_2023_11_23_12.. SFRN_2023_11_23_12.. 66452,272 -26273,710 -308,965 0,000 0,000 0,000 0,000
4 s 1 RAMN_2023 1123 12.. VORN_2023 11_23_1.. -26181,081 -68389,055 -256,205 0,000 0,000 0,000 0,000
5 s 1 RAMN_2023_11_23_12.. LAVH 2023 11_2312.. 33981,550 -43474,900 -228,132 0,000 0,000 0,000 0,000
<

Records count: 27 | Selected: 0 |
Figure 21 — Edges

Recordsets - recordsets table

RecNo Style  Records... Begin time End time Time span Interv... Epochs  Site Receiver num... Serial n... Antenna type Antenna... Height type
1 2 RAMN_. 23.11202312:00:00 23.11.2023 12:59:59  0/1:00:00 10000 3600 RAMN_2023.. 1707631/9/0/0 725293  LEIAR2S NONE 00920  Vertical(ARF)
2 2 BAB2. 231120231200:00 23.11.2023 12:59:59 0/1:00:00 10000 3600 BALB 2023_1.. 1707739/10/0/0 10161015 LEIAR2S NONE 0,0910  Vertical(ARP)
3 L NGNK.. 23112023 1200:00 23.11.2023 12:58:59 0/ 1:00:00 10000 3600 NGNK_2023_.. 1707764/4/0/0 725285  LEIAR2S NONE 00920  Vertical(ARF)
4 2 SHEH 2. 23.11.202312:00:00 23.11.2023 12:5%:59 0/1:00:00 10000 3600 SHEH 2023.. 1705743/6/0/0 725317  LEIAR2S NONE 00939  Vertical(ARP)
5 2  ZING2. 23112023 1200:00 2311.2023 12:59:59 0/1:00:00 1,0000 3600 ZLNG_2023_. 1700832/3/0/0 200974  LEIATS04GG  NONE 00830  Vertical(ARP)
£

Records count: 10 | Selected: 0 |
Figure 22 — Recordsets

Receivers - information and control. PGO does not creates vectors between data provided by
receivers announced as a rovers (rover to rover).

RecNo Receiver type Receiver number Serial number Firmware version Rowver
1 /07010 |
2 LEICA GR30 1707631/9/0/0 4.61.290 U
3 LEICA GR30 1707764/4/0/0 4.61.290 O
4 LEICA GR30 1705743/6/0/0 4.61.290 U
5 LEICA GR30 1707739/10/0/0 4.61.290 O
6 LEICA GR10 1700832/3/0/0 4.61.290 O

Records count: 11 | Selected: 0 |

Figure 23 — Receivers
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Markers - markers and orientation of the aircraft relative to the trajectory

RechMo Time Iarker Markers type Latitude Longitude Height, m DX(M),m DY(E,m DEZ(U),m Azimuth RMS, m
1 15.02.2019 12:42:... _KA N 51° 26" 51,29162° E7° 18' 10,97936" 267,6125 -3,204 2,061 -0,142 1477 57' 55,18969"  0,0124
2 15.02.2019 12:42:... XA N 51° 26" 50,88776" E7° 16' 11,36044" 2673218 -3810 2215 -0,030 1407 49' 3648357"  0,0114
3 15.02.2019 12:42:... _XA N 517 26" 50,45443°  E7° 18" 11,76701" 267,5478 -4.142 2547 0,135 1487 24'19,15428"  0,0109
4 15.02.2019 12:42 KA N 51° 26° 50,03992" E7° 16' 12,15386" 2674095 -4072 2259 -0153 1507 58'52,71321"  0,0106
5 15.02.2019 12:42:... _KA N 51° 26" 49,59662° E7° 181253231 267,1409 -4074 2042 0333 1537 23' 00,95705"  0,0101
3] 15.02.2019 12:47... WA M 51° 25" 40 16304" F 7° 1A' 12 A7R20" 26R7 5RAA -4 249 2171 -0052 152° 56' 1A 07913" onint
Records count: 246 | Selected: 0 |
Figure 24 — Markers
Precise point positioning - PPP results table
RecMo  Style Name  Begin time End time Time span Processed Latitude Longitude Height, m RMS, m  Fixratio, % MNummeas MNum used
1 ZLNG 24,01.2024  2401.2024 23:5%:00 0/23:5%:30 13.02.2024 13:48:55 N 55°59' 26.. E37°12'53.. 2457214 0,0140 0 109068 101712
2 NGNK 24012024  2401.2024 2%:59:00 0/23:58:30 13.02.2024 13:48:56 N 55° 51' 36... E38°27 04,. 161,3137 0,0150 0 109530 107442
3 VORN 24,01.2024  2401.2024 23:5%:00 0/23:5%:30 13.02.2024 13:48:55 N 55°19'14.. E37°10°48.. 276,6671 0,0157 0 110006 109922
4 PTO2 24012024  2401.2024 2%:59:00 0/2%:59:30 13.02.2024 13:49:12 N 55° 50" 36... E37°32'15.. 203,6199 0,0131 0 179724 170292
5 NRFM 24,01.2024  2401.2024 22:5%:00 0/23:5%30 13.02.2024 13:49:21 N 55°22'46.. E36°45 24,. 201,3616 0,0158 0 109282 109048
< >
Records count: 12 | Selected: 0 |

Sites - sites table

Figure 25 — Precise point positioning

RecMo  Style Sites ﬁ Snaped to Latitude Longitude Height, m  Sigma X (N), m  Sigma ¥ (E), m Sigma Z{U), m RMS m
1 BALB_2023_1... Adjust M 55° 10' 50,50778"  E36° 39" 29,04777" 1917792 0,000 0,000 0,000 0,0055
2 DMDV-2023... Mavigation N 55° 26'31,04373"  E37°45'06,79231" 2038568 0,293 0385 0,506 1,0879
3 LAVH_2023_... Adjust M 55° 51' 47 81284" E 37° 28'59,57810" 2004778 0,000 0,000 0,000 0,0043
4 & NGMK_2023_.. Plane and height snapped M 55° 51' 36,78006"  E 38° 27' 04,05336" 161,3103 0,000 0,000 0,000 0,0003
5 MNRFM_2023_... Adjust M 55° 22' 45 82804" E 36° 45' 24,72323" 2013750 0,000 0,000 0,000 0,0093
[i1 RAMM 2023 Adiust M 55° 33' 37 A04RA" F 38° 15' 26 A9327" 163 31R9 01000 01 000 0000 00056

Records count: 10 | Selected: 0 |

Jools

Tools contains the following items:

20

Figure 26 — Sites

@] Coordinate calculator

Time converter

Figure 27 — Tools menu item
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Chapter 2. Main window

Coordinate calculator

coordinate calculator is described in chapter Coordinate calculator

Time converter

time converter

oy
%2 Time converter

GP5(sec) |‘I 3920295825458

GPS(Day/Sec)  |15.02.2024

Pt

-

-

~ |[30425.458 |

GPS(Week/Sec)  [2301

|-= |zes025458 |2

GPS(Day of week) [2301

GP3(Day of year) |2L‘||24

GPS(Date / time)  |15.02.2024

v ||10:57:05

UTC(Date / time)  |15.02.2024

~ | |10:56:47

Local(Date / time) |1 5.02.2024

~ | |12:56:47

Figure 28 — Time converter window

GPS Global Positioning System time, is the atomic time scale implemented by the
atomic clocks in the GPS ground control stations and the GPS satellites
themselves. GPS time was zero at Oh 6-Jan-1980 and since it is not perturbed by
leap seconds. GPS is now ahead of UTC by 22 seconds.

uTC Coordinated Universal Time, popularly known as GMT (Greenwich Mean Time), or
Zulu time.
Local Local time differs from UTC by the number of hours of your time zone.
Program

Program contains the following items:

F'rcl-grarn [[: Help

e

m| Parameters

Language

& Coordinate systems

Reference points

&
== Antennas
%

Cameras

Figure 29 — Program menu item
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Common tab

o
=7 Program parameters

Open last project

[] After export open file

Commen  Import Format  Report  Markers Map  CORS  Interface  Proxy

[] Use epoch in coordinate trasformation

[ ] Request downloading if geoid not exists

Mumber of threads |4

Pt

Temnplates folder path |

OK Cancel

Figure 30 — Program parameters. Common tab

Open last project

open last used project when a program is starting

Use epoch in coordinate
transformation

apply time depending coordinate transformations

Request for downloading if
geoid is exists

asks confirmation about geoid model file downloading from

coordinate transformation repository

After export open file

open export settings file

Number of threads

set the number of threads used during export and processing

Templates folder path

path to the folder with saved templates

Import tab

o
=2 Program parameters

Common  Ilmport  Format  Report  Markers Map CORS  Interface

Calculate coordinates

[] Don't import nested data

Don't lcad ephemeris from Internet

O Cancel

X

Prooy

Figure 31 — Program parameters. Import tab
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Calculate coordinates

calculate coordinates for each sampling epoch using the
measurement information contained in it. Otherwise, for each
epoch, the coordinates written in the file are taken, and if they
are absent, they are calculated even if the checkbox is switched
off

Don’t import nested data

do not import any data attached to the imported file (RTCM,
meteo)

Don’t load ephemeris from

do not download ephemeris from the Internet automatically

Internet

Format tab

Setting the units of measurement used in the program.

&2 Program parameters X
Common Import Format Report Markers Map CORS  Interface  Proxy
Time Coordinates
System | GPS v I Angle type | Degress, Minutes and Seconds |
View | Date/Time v | Angle label [N/SandW/E v
Format ~ | Angle seconds precision |0,1 1223 ™ |
Units Length precision |0.1 122 hd l

Length | meters

v

Angle | degrees

@ Restore default format settings

oK Cancel

Figure 32 — Program parameters. Format tab
Report tab

This tab shows the list of the supported report types formats.

{:::' Program parameters x
Commen  Import  Format  Report  Markers  Map  CORS  Interface  Prowy
Open report file after generated
Report type | Render ~
OK Cancel

Figure 33 — Program parameters. Report tab
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Markers tab

Type of epoch coordinates interpolation.

T
fg‘ Program parameters

Common  Import  Format  Report Markers  Map  CORS  Interface  Prowy

Marker interpolation

(® Linear

O Spline

QK Cancel

Figure 34 — Program parameters. Markers tab

Map tab
This tab contents the cartographic data source. Alfernative means that program starts searching

for maps at most popular Internet map repositories.
The check box Show grid shows grid on a map pane.

5;;_,';?‘ Programn parameters >
Common  Import  Format  Report  Markers  Map  CORS  Interface  Prowy
Background map
® Mapbox
() Alternative
[] Show grid
Show coordinates panel
oK Cancel
Figure 35 — Program parameters. Map tab
CORS tab
The check box hides/shows the vectors created using CORS data.
X

P
%2 Program parameters

Commen  Import  Format  Report  Markers  Map  CORS  Interface  Prowy

Enable CORS to CORS vectors

OK Cancel

Figure 36 — Program parameters. CORS tab
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Interface tab

Setting up interface elements.

f'g" Programn parameters
Common  Import  Fermat  Report  Markers  Map  CORS  Interface  Prowy

Process tree

[ Show vectar ican

Show checkboxes

[ Allow in-place editing in the object tree
Progress log place in view tab
[] Sites tree in separate tab

[] Show common progress in tree panel

lcons Color | NI ~ | )

QK Cancel

Figure 37 — Program parameters. Interface tab

Proxy tab

Selecting the type of proxy and protocol to use when connecting to the Internet when downloading

ephemeris, downloading geoid model files, or updating the antenna database.

i
(=2 Program parameters

Commen  Import Format  Report  Markers Map CORS  Interface

B Protacol type
Proxy connection type :

() htt
() Mo proxy <
™) socks
(® Autodetect
O Manual Address Port
QK Cancel

Prowxy

Figure 38 — Program parameters. Proxy tab

The item Language is selecting the interface language.

The item is described in the section Coordinate systerm manager.
The item is described in the section Reference points manager.
The item is described in the section Antennas manager.

The item is described in the section Aerial camera manager.
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Help
Help contains the following items:

[ﬁ] Help

(i) About
7 Manual

Figure 39 — HELP menu item

About

Program version information.

{:'_f:' About

Program: ProGeoOffice

-y - Version: 1.843

‘ s Mail tos info@i-progress.tech

Created:  13.02.2024 15:48:17

Figure 40 — About

Manual
Opens the online program manual located on the website.

26
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2.2 Toolbar

The toolbar is located at the top of the main window and contains icons with which the user can
access the program's functions. Clicking the left mouse button on the icon will open a menu
displaying a list of menu items. Point your pointing device at the desired menu item, press and
release the left mouse button, and this function will be called.

)

dialog window New project

dialog window Open project

dialog window Project setting

compact project

dialog window /mport files

dialog window Export project data

ol|® | e ||

Coordinate calculator

Time converter

T
o

Coordinate system manager

Reference points manager

Antennas manager

increases map scale

decreases map scale

shows entire program layers

sets cursor in Selection in point mode

sets cursor in Selection in rectangle mode

® £ 7| o 2 ¢ @ Bl

unselect
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?@l panning the map

sets the cursor in ruler mode for distance and azimuth measurement

returns the map in previous position and scale

4‘)

I

returns the map to initial position and scale after

i '-:3 sets the snapping mode for the ruler

show/hide grid

show/hide raster map

% shows/hides space images

= show Legend

| €2 weses

selects project map coordinate system

2.3 Status bar

Status designed for information about processes progress. It is active during data import/export
and post-processing:

@ QI Finished/Total: 0/1 (25%) Time: elapsed 00:00:01; left 00:00:05; total 00:00:07

Figure 41 — Status bar

.r .'F{l

Click = to stop the process.
Click Q to activate Progress table:

@ & @l

Type Time Remaining MName Status Progress Finished Speed Log
&5 00:00:10 00:00:01 BALB_2023_11_23_12_00_00=>LAVH_2023... phase evaluation | 99% 99%/s
00:00:10 00:00:01 BALB_2023_11_23_12_00_00=>SHEH_2023... base capturing I 24% 16%/s
00:00:10 00:00:00 BALB_2023_11_23_12_00_00=>DMDV_202... base capturing | 74% 37%/s
00:00:10 00:00:00 BALB_2023_11_23_12_00_00=>NRFM_2023... base capturing ] 93% 31%/s
£ >

Records count: 4 | Time: 00:00:10 | Time left: 00:00:01 | 88% | Finished / Total: 0/4 |

Figure 42 — Progress table
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The table toolbar contains the following icons:

() to stop the process

m to clear the window

|, ﬁ'l || switch to log tab for process summary

@rABEAL

11:28:03 11:27:50:
11:28:03:
11:28:03:

: Loading https://eph.radioride.ru/corsdata/rinex/2023/138/brdcl380.23n.gz

11:28:04 11:27:51:
11:28:03:
11:28:03:

11:28:08 11:27:45:
11:28:07:
<

: Loading file:///C:/Bolkov/GPS_RAW _FILES/2023-05-18/T3-03-20230518.3pa
: C:\Boikov\GES RAW FILES\2023-05-18%T3-03-20230518.3ps finished; 1684 epochs total

: Loading https://eph.radicride.ru/corsdata/srinex/2023/138/brdecl1380.23n.g2 https://eph.radicoride.ru/corsdata/rinex/202: A
: Loading httpa://eph.radicride.ru/corsdata/rinex/2023/138/brdcl380.23n.g2 httpa://eph.radioride.rus/corsdatasrinexs/2023/136/brdy
: Loading https://eph.radicride.ruw/archive/gnas/datasdaily/2023/brdc/BROCOOIGS_R_20231380000_010 MN.rnx.gz httpa://eph,

: Loading httpa://eph.radioride.rufarchive/gnas/datasdaily/2023/brdc/BROCO0IGS_R_20231 38000 0_0l1D_MN.rnx.gz
: Loading https://eph.radioride.ru/archive/gnss/data/daily/2023/brdc/BROCO0IGS_R_20231380000_01D_MN.rnx.gz https://eph.radicoride

Figure 43 - log-file

lift completed processes up

(4

remove terminated processes messages

7

4w number of threads

2.4 Project pane

The Projectpane is designed to provide full access to program functions. There are five operational

tabs: Source, Process, Adjustment, Map and Projects:

@ Source

O

@ Map B

(o> Adjustment

Process

Projects

Figure 44 — Project panel tabs

Source tab tree structure depends on Project and Sort options described below.

8 Project Bl () Files Ctrl+ Alt+ 1
‘I’T Sort By B == Receivers Cirl +Alt+2
£  Import. E8 Dataset Ctrl+Alt+3
42 Import folder % Recordsets  Cirl+Alt+4
= v

fh  Clear project Sites Ctrl +Alt+5

Figure 45 — Source tab
The Process tab is described in Chapter 5. Post processing.
The Adjustment tab is described in Chapter 6. Adjustment.

The Map panel is described in Chapter 3. Map.
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CHAPTER 3. MAP

The Map tab provides several predefined layers using for control of the principal objects view. Click
the Map tab to have access to the layer settings:

4 T Project
V] <7 Recordset coordinates
Receiver
ProGeoOffice
A < Vectors
Static
Kinematic
A <7 Solutions
Static
Kinematic
Fixed
Float
<7 Sites
.7 Reference points
<7 Precise Point Positioning
A < Metwork
Edges
Adjusted kinematic
A < Markers
XA
XB
XC
(2 % Countries
» [ € CORS

o

E] Source {{:}} Process

4 Adjustment 4 Map : Projects

Figure 46 — Layers

Below the notification of signs:

. epochs whose coordinates were calculated by the receiver software

epochs whose coordinates were calculated by the PGO when importing the
.e measurement file

static vector

.-r"".r
e & kinematic vector

static solution - custom colored line
‘__,....-F""F

fixed kinematic solution (object velocity < 0.1 m/sec)
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Chapter 3. Map

fixed kinematic solution (object velocity > 0.1 m/sec)

float kinematic solution

site on standalone coordinates

site on post-processed coordinates

site on adjusted coordinates

site snapped to reference point

reference point

Precise Point Positioning solution

common edge

adjusted kinematic

events

Layers of administrative boundaries and continuously operated reference station regions

boundaries:

Fl &% Countries
[] < Zone27 (US)
[1 <> Zoned3 (US)
] < Counties
[] < Regions (RU)
[ <> CORS [contaur)
[ ] < SOPAC [contour)
L] <> JAVAD (conteur)
[1 <> URALGEO (contour)
[1 <> SPAIN {contour)
[] <5 EPM [contour)
L] <5 TEXAS [contour)
[1 <> OREGON (contour)
(1 <> WASHINGTON (cantour)
[ ] <7 CANADA {contour)
] < UK [contour)

Figure 47 — Contours
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Continuously operated reference station layers:

4 [ € CORS
(] <> CORS_US
(] < soeac
(] < GEONET_NZ
[ <»CORS_US_SEC

Figure 48 — CORS

Check-box next to the item makes the layer visible or invisible.

Some layers have style settings. Click the right mouse button on the item and select Sty/e:

F <o Network
Edges

Adjustec el I
Figure 49 — Layer style

In the Lines, Label, Tracktabs (depending on the layer) it is possible to set the required image style:

@ Style X
Lines  Label
L1+L2+1L5

32

wen ¢ >
Color | I
B Arrow

L1 only

wen ¢ >
Color | NN
[ Arrow

L5 only

wen ¢ >
Color [~
B Arrow

-
v

OK

wn < >
Color | I v
& Arrow

L2 only

wen ¢ >
Color | [T
[ Arrow

Wide lane
wan < >
Color | M
Arrow

Cancel Default

-

Figure 50 — Style settings for line object
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& style

Lines  Label

Default for static solution

Visible Label values
Posiion Separstor | |
Offset Vert. < EI ) ] Name
. Fix ratio
Offset Horiz. ¢ >
T D = i
Text style [ discarded
Font {
e <>
Color I
] Bald
Itali
[ nalic ) W%
[ Underine
BackColor |[[ |
OK Cancel Default
Figure 51 - Label tab
@ style
Track

Engine type | Default

Fixed
Visible

Begin colar
End calor
Size

Float
Visible

Begin colar
End calor

Size

.o
' .
.‘ ¥ .
L e S
. e y e
Y "ot o
._ .
" - -
.. il '-.
N
- - - \. -
-‘ o . -
._ .
OK Cancel Default

Figure 52 — Track tab

33



Chapter 4. Source

CHAPTER 4. SOURCE

The Source tab is active when a program is starting. This tab is a main for data management —
import/export, view, modification data imported into the project.

| |"_' Recordsets l

25002 &1 Project » [J| Files Ctrl+Alt+1

- ; 05.00.2 ,],T Sort By == Receivers Cirl+Alt+2

» GE 22022 £ Import. B Datasets Ctrl+Alt+3
3 Import folder.. L  Recordsets  Ctrl+Alk+4
#  Clear project Sites Ctrl+Alt+5
32 Delete (3

Repair Vectors
Precise Point Positioning »
Common time Ctrl+D

Epherneris Ctrl+E

El El

Figure 53 - Project

The root item may vary depending on Project option. By clicking on it user may organize main
project tree according with Files, Receivers, Datasets, Recordsets and Sites options. The Files
option shows items with regard to imported files.

» Il Files
: Project > I
1T SortBy > Date
2 mport. v Name
#e Import folder.. Size
#  Clear project Type
22 Delete >

Repair Vectors

Figure 54 - Files, Sort by
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Files, recordsets and datsasets sorted by date has Common time option:

4 [PFiles

» [EE 14.02.207
Delete

@ Commeon time  Ctrl+D

_=._'[;_f Ephemeris Ctrl+E

Figure 55 — Common Time

When this option is selected, Common Time window displays a graph of the observation time for
all recordsets in the project:

&2
(&2 Common time x

@ |

1og00 25 |
High —
Open | EEE——
Extreme —

Middle —

Low ——

16:03:20.00 17:26:40.00 18:50:00.00 20:13:20.00
Time(GPS) (Min: 25.09.2020 15:05:51 | Max: 25.09.2020 19:19:15)

Figure 56 — Common Time diagram

Receiveritem shows a list of receivers that provide raw data files:

4 (] Receivers
(3 r I1AVAD TER_LS4 TWUDUG4050IMMNITILGYHOEASDT
(3 r '.'E_:Jﬂ"l.-".l'-'-.[] TRIUMPH_1M_055X203K4AD6I200D5PYVIAZOGHS

Figure 57 — Receivers

Receivers are sorted by name and type.

As well as a raw data file may contain GNSS data captured from multiple receivers and antennas
(rover file with wrapped bases RTCM corrections, multi-antenna receiver file). We introduce Dataset
that is a corresponding receiver/antenna pair.

File may be represented in a project by multiple datasets. From the database point of view, Dataset
is a set of consecutive in time records in the project database table that contains raw GNSS data.
Datasets are created from files during import GNSS files according to program settings. The file
may be represented in the project by multiple datasets.
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[

-

- @L::uw_
-

[

Recordsetis a query from Dataset. By default, every dataset produces at least one recordset linked
to the parent object. User may modify recordsets with no risk to corrupt original data because of
the opportunity to recover it at any time from the parent Dataset. In the meantime, the Dataset
automatically produces multiple recordsets in a case of STAT/IC/DYNAMIC events marker, epoch

4 ([ Datasets
> @Extre =

= Project g I
LT SortBy > EH
= Import.. v

4  Import folder...

rr  Clear project

Date

Mame

Size

Feceiver

22 Delete >
Repair Vectors

Figure 58 — Datasets, sort by

gaps, record interval changing inside raw data file and so on.

F| |"j Recordsets
% Extrem : Project -
% High JT SertBy >
2 log09z
= Import.
3 low .
£ Middle = Import folder..
£ Open #  Clear project
52 Delete -
Repair Vectors
Precise Point Positioning L
@ Commeon time Ctrl+D
]| Ephemeris Ctrl+E

L

i
v
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Figure 59 — Recordsets, sort by
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Site is an object created by import procedure and being used as point GIS feature:

F {. Sites
[ BAD_PQI
» (= DMOV_2024_03_22 08 00001
[ SHEH_2024 03_22 08_00_001
[ VORN_2024 03_22 08_00_00_1

Figure 60 - Sites

Coordinates of Site are the standalone solution or provided by the receiver. A Dataset and a
Recordset are associated with a Site. PGO creates site using the 7olerance for site criterion. If the
distance between the existing and newly created Sifes is less than the established Tolerance, then
a new Siteis not created.

All above-mentioned items may be sorted by some parameters depending on the selected item.
Sorting options also depends on the selected item.

Import - import different types of GNSS data as follow.

& Import files x
« . s ThisPC 5 New disk (D) » NTRIP-MGGT » 2023-11-23-1hour v B O Search 2023-11-23-1hour
Organize * MNew folder ==~ [ o

~  MName Date modified Type Size )
s Quick access
[] BALB_2023_11_23_12_00_00.rtcm 30.11.2023 16:30 RTCM File 5073 KB
[ Desktop
[7] BRDC_2023_11_23_11_00_03.rtem 30.11.2023 16:30 RTCM File 6253 KB
& Downloads - . . ] —
[7] BRDC_2023_11_23_12_00_03.rtem 30.11.2023 16:30 RTCM File 6253 KB
|| Documents [] BRDC_2023_11_23_13_00_03.rtcm 30.11.2023 16:30 RTCM File 6253 KB
&= Pictures [7] DMDV_2023_11_23_12_00_00.rtcm 30.11.2023 16:30 RTCM File 4975KB
LAVH_2023_11_23 12_00_00.rt 30.11.2023 16:31 RTCM Fil 4225KB
@ Onelrive L - T em o =
[7] NGNK_2023_11_23_12_00_00.rtcrn 30.11.2023 16:31 RTCM File 41829KB
& Yandex.Disk [7] MRFM_2023_11_23_12_00_00.rtcrn 30.11.2023 16:31 RTCM File 3150 KB
. [7] RAMMN_2023_11_23_12_00_00.rtcrn 30.11.2023 16:31 RTCM File 3805 KB
[ This PC . ) )
_ (] SFRN_2023_11_23_12_00_00.rtcm 30.11.2023 16:31 RTCM File 4833KB
- 3D Objects [] SHEH_2023_11_23_12_00_00.rtcm 30.11.2023 16:32 RTCM File 4845 KB
I Desktop | ] VORN_2023_11_23_12_00_00.rtem 30.11.2023 16:32 RTCM File 3154 KB
2 Rncoman te W Y 1 Rie 20T 11 77 17 A0 AN e D1 AnAn 15 e -
File name: | o| | RICMS files (rurtem) v
Figure 61 — Import observation files
Import folder option may be used for batch process of import all valid GNSS
data
Clear project option used to remove all GNSS data from a project. Program

asks about a confirmation:
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Warning

| Delete all data from the project?

Yes Mo

Figure 62 — Delete confirmation

Delete delete selected data from the project:
o Delete epochs - delete data that is not used when creating vectors
¢ Residuals - remove residuals that were saved during vector post-

processing
0 Delete = 2 PRecordsets
Repair Vectors :;,"' Ephemeris
Precise Point Positioning g :;," Residuals
:;," Common time Ctrd+D Delete Idle
Figure 63 — Delete selected data
Repair Vectors restores vectors. Option may be helpful in case of program crash
by some reasons.
Precise Point Positioning calculation of coordinates by PPP:
Precise Point Positioning > O Process F12
Ll Common time Ctrl+D $2 Delete Del
Figure 64 — Menu for PPP solutions
Common time time diagram for all project recordsets
Ephemeris satellite ephemeris diagram:

o Green - data available
e Yellow - unhealthy satellite

e Blue - no data available
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(& Ephemeris ®
GPS  GLONASS GALLEO QZS5  BEIDOU  IRNSS

= @

GPS 1

GPS 2

GPS 3

GPS 4

GPS 5

GPS 6

GPST

GPS 8

GPS 9
GPS 10
GPS 11
GPS 12
GPS 13
GPS 15
GPS 16
GPS 17
GP5 18
GPS 19
GPS 20
GPS 21
GPS 22
GPS 23
GPS 24
GPS 25
GPS 26
GPS 27
GPS 28
GPS 29
GPS 30
GPS 31
GPS 32

24.09.2020 22:00:00 03:33:20.00 09:06:40.00 14:40:00.00 25.09.2020 20:13:20 01:46:40.00
Time({GPS) (Min: 24.09.2020 21:30:00 | Max: 26.09.2020 2:29:44 )

Figure 65 — Satellite ephemeris diagram
4.1 Files

The menu designed for the file objects management looks as follow:

4 (PFiles
4 725002020
4 [J] Extreme_191856ps
» B Extreme_191856
» [J]log0925cjps
» [J] Low_161003,jps
4 706011980
4 [l BRDC_2024_02_22_00_00_04.rtcm
& BRDC_2024_02_22_00_00_04
4 [5#22.02.2024
4 (L) BALB_2024_02_22_00_00_00.rtcm
» B BALE_2024_02_22_00_00_00
4 57 06.09.2023
4 (Rl AntA1.230
4 Banta
1! Antad

Figure 66 — Files

Letters or simbols above the icons indicates files origin (B, J, R, [l - broadcasted ephemeris, jps,
RINEX, RTCM). The File item contains related Datasets and Recordsets items. A red exclamation
mark before the recordset name is shown if antenna type has not been specified.

39



Chapter 4. Source

4.2 Receivers

The menu designed for the receiver objects management looks as follow:

4 |j Receivers
4 [[E1IAVAD TR_LS4_TWUDUGA050INN3T1LGYHOEAIDT
» B Extreme_191856
» B Low_ 151003
» |5 IAVAD TRIUMPH3_H2AB68C1BD42DBREESFF
» [C2] JAVAD TRIUMPH_1M_0S5X908K4D6I30QDSPVIAZQGHS
4 [[EILEICA GR30_1707739/10/0/0
» EBALB_2024_02_22_00_00_00

Figure 67 — Receivers

The Receiveritem contains related Datasets and Recordsets items.

4.3 Datasets

The menu designed for the dataset objects management looks as follow:

4 {j Datasets
4 B antal
2! At
3 @ BALB_ 2024 02 22 00 00 00
d @Extreme_'lgmﬂﬁ & Properties  Ctrl+Enter
£ Extreme 20 Delete Del
» B log0925¢

» B Low_ 161003 Merge

Thin out
Selution >
Make stops
Restore recordsets
FT Table View
2 Export Ctri+E »

Figure 68 — Datasets
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Properties

& Antal

General

FileMame
Alias

Site

Receiver and Antenna

Satellites  SkyPlot

[c:\Boikov\GPS_RAW_FILES\2023-09-0TvAntA1.230| [

[antat

[antat

MarkerMName |AntA‘I

MarkerMumber |O

Comment

Observer

Agency

Source and model:"

OK

X
Begin time [06.09.2023 v |[1521:30 5
Endtime (07092023 v |[g:s5:00 5
Interval 30,000 | sec
Epoch  [1868 |
RMS [1.6654 | m
X¥Z BLH  Grid
latitude [N 55° 50 36.43116" |
Longitude [E 37° 32 14,58129" |
Height  [205,1261 | m

EPOCH  [o,0000

[ wases

Cancel

Figure 69 — General tab

General tab contains information about the file name and path to the file, the begin and end time
and interval of the recording, the number of epochs, standard deviation and standalone coordinates

of the site. Here it is possible to change the start and end times of the recordset.

Receiver and Antenna

The Receiver and Antenna tab is used to select the antenna type, view and edit antenna parameters:

Click

& AntAl
General

Receiver
Type

Board

Serial number |

D

Receiver and Antenna

Satellites  SkyPlot

|JA\-"AD TRIUMPH3

|H3A368C1BD42DBEEE4FF

Firmware version |4.2.[J1 -2206830

Messages

OK

X
Antenna
Type
|Unknown v| Q
Height
Type | Vertical(ARP) ]
Value |0__000{J | m
Offsets
North [0,0000 | m
East 0,000 | m
Vertical |0__000{J | m

Serial number |—Unkr1 owWn-

Cancel

Figure 70 — Receiver and Antenna tab

button for antenna list.
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Types of measured antenna height:
e Vertical(ARP) - vertical, ARP (Antenna Reference Point)
e Slant(ARP) - slant, ARP
e Slant(SHMP) - slant, SHMP (Slant Height Measurement Point)

& Antal ®
General  Receiver and Antenna  Satellites  SkyPlot

Satellites Signals ~
~ Gps|@ ~ Gps|H

Q000000000000 ErEHENETEEN
0000009000000 RIEHEIENIEIRA
0000 [D1c|p1w] p2x |ozw| psx | pix |
A GLONASS (@ mmmm

00000000000000 - covsm

000000000 [cic| cte | cac| cop |

[trc [ e [2c | v [ 1]

R [oic[ore [o2c] o2r [3x

0000 0000000 ENEIENEIED
Q0L L0000 ) ~ cauom

Q000000 oox | x| esx|
o QR o [ x| 5 [N

OK Cancel

Figure 71 — Satellites tab
Information about GNSS satellites and signals. Yellow colored circles mark unhealthy satellites.

, A~ GALILEQ wm . . .
Field indicates ratio of exist/absent signals.

Green, red, blue, yellow colored circles means GPS, GLONASS, Galileo, Beidou satellites
respectively. Use scroll control to see picture in dynamic.

@ Antal X
General  Receiver and Antenna  Satellites  SkyPlot
07.002023 v |[e:s5:00 £ 0 @ op
@ 6L
06.09.2023 15:21:30 @ an
18:48:56.667 Qa
BE
20:32:40.00 e ; ). @ IRy
22:16:23333 7 %‘v ﬂ. g
270 A_A%’Zniill_’lzé'sz_ Ay, 90
Y by RS 44
07.09.2023 0:00:06 24 ‘ ,-61.3 % (’)";.\’33';-‘\ .
y " " \" .\q f}‘ﬂ, DO &
01:43:50.00 '/’[/4"7/“1 “Wi Vel BN \
s (7N 3
i 2
03:27:33.333 U "'!#.,’,lml 19 2 5 \ ™%
' : 135
M 05:11:16.667 225 IRl
07.09.2023 6:55:00 180
OK | Cancel

Figure 72 — Sky Plot tab
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Delete deleting from the project. Restoration is impossible, data is deleted
permanently
Merge combines two datasets into one. Only possible if the datasets were

written by the same receiver

Thin out bring the recording interval to the value selected from the list

(&) Thinning dataset X

Interval
2,000 | ger
10,00 2
11,00

L 12,00

12,00

14,00

15,00

20,00

60,00 W

Figure 73 — Recording interval

A thinned dataset cannot be restored, the data is deleted permanently.

Solution is to set the coordinates of the dataset corresponding to the
coordinates taken from the receiver or calculated in the PGO

Make stops bring the recording interval to the one selected from the list
Restore recordsets restore recordset to its original form after deleting or editing
Table view data by epoch in tabular form
RecMo  Enable Time Latitude Longitude Height m  SigmaM,m SigmaE m Sigmall m Satellites Satellites.. RMS m PDOP.. GDOP.. HDOP,m TDOP, m
1 23.11.2023 12:00... N 55° 10' 50,53260" E 36° 39' 29,08002" 186,3554 0,1400 0,1038 04517 37 37 10,9956 08377 00000 0,0000 0,0000
2 23.11.2023 12:00... N 55° 10' 50,53217" E 367 39' 29,08020" 186,3358 0,1400 0,038 04518 37 37 10,9957 08377 00000 0,0000 0,0000
3 23.11.2023 12:00... N 55° 10' 50,53238" E 367 39'29,08005" 186,3558 0,1405 0,1042 04534 EX) 37 10,9975 08377  0,0000 0,0000 0,0000
4 23.11.2023 12:00... N 55° 10' 50,53246" E 36° 39'29,08021" 186,3680 0,1401 0,1039 04520 38 37 10,9959 08377  0,0000 0,0000 0,0000
3 23,11.2023 12:00... N 55° 10' 50,53276" E 367 39'29,079938" 1863524 01402 01040 04525 37 37 10,9965 08377 00000 0,0000 0,0000
[ 23.11.2023 12:00... N 55° 10' 50,53255" E 36° 39' 29,07972" 186,3580 0,1405 0,1042 04534 37 37 10,9974 0,8377 00000 00000 0,0000
7 23.11.2023 12:00... M 55° 10' 50,53267" E 367 39' 29,08000" 1863734 0,1404 0,1042 04534 37 37 0,0974 08377  0,0000 0,0000 0,0000
8 23.11.2023 12:00... N 55° 10' 50,53270" E 367 39'29,07989" 186,3828 0,1406 0,1043 04540 37 37 10,9980 08377  0,0000 0,0000 0,0000

Figure 74 — Table

Export export dataset to jps or RINEX files
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4.4 Recordsets

The menu designed for recordset objects management looks as follow:

4 [P Recordsets

£ Antat
£ BALE 2024 02 %L Properties Ctrl+Enter
2 Extreme 2}  Zoom Ctrl+Space
£ log0925¢c 22 Delete Del
% Low Visible
5 Antenna
¥  Motion mode *
Merge
&2 Split >
Precise Point Positioning
F7 Table View
:," Epochs
fu" Raw data chart Ctrl+F
?n" Commeon time Ctrl+D

Common satellites  Ctrl+G

[l Ephemeris Ctrl+E
{T) Report Ctrl+R »
£  Export Ctrl+E »

Soluticn >

Figure 75 — Recordsets

Properties a set of tabs and the information are similar to those described in the DATASET
section

Zoom show the point corresponding to the recordset on an enlarged scale in the center
of the cartographic window

Delete delete a recordset

Visible display of solutions by epoch (receiver and PGO) in the cartographic window

Antenna selection of the antenna type, determination the type of height, height value and

offsets.

44



Chapfter 4. Source

Activating the window for editing antenna parameters:

(& Antenna — O x
Type

| JAVTRIUMPH_LSA NONE v Q
Height

Type | Vertical(ARP) v

Value |{JI[]EH]D | m
Offsets

Nerth  [0,0000 | m
East  [0,0000 | m

Vertical {0,0000 | m

(9].4 Cancel

Figure 76 — Antenna type selection

Motion mode select the motion mode for recordset

L% Motion mode L Static
Merge % Kinematic
e Split b Stop Go

Figure 77 — Motion mode

PGO detects the recordset type automatically upon import. The criterion for type determination as
static is set in the project properties settings and Static/Dynamic tags/events inside the file. The
default value of criterion is 5 meters, which means that positions for all epochs for statics are
expected to be within 3*5 = 15 meters. Recordset type can be changed manually.

Merge merging two or more recordsets. Possible only for recordsets belonging to the
same dataset
Split divide the recordset into two or more parts by time interval or number of parts
e Split * = Bytime

Precise Point Positioning &% By parts

Figure 78 — Split recordset

Precise Point Positioning determination of coordinates by method PPP

Table view data in tabular form
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Recho Enable Time Latitude Longitude Height m  Sigma N, m  SigmaE m  Sigma Ul m  Satellites  Satellites.. RMS m  PDOP.. GDOP.. HDOP m
22.02.2024 M 55° 10 50,54678" E 367 39" 2904667 1944132 0,0949 0,0803 0,2404 39 39 09337 0,6905  0,0000 0,0000
2 22.02.2024 0:00:01 N 55° 10' 50,54696" E 36° 39" 2004693 1944136 10,0952 0,0806 02414 39 39 09356 0,6905  0,0000 10,0000
3 22.02.2024 0:00:02 M 55° 10" 50,54578" E 367 39" 2004686  194,4069 0,0047 0.0802 0,2400 39 39 0,9329 06905  0,0000 0,0000
4 22022024 0:00:03 N 55° 10" 50,54702" E 367 39° 2904688 1944024 0,0944 0,0800 02395 39 E 09317 0,6905  0,0000 00000
5 22.02.2024 0:00:04 M 55° 10" 50,54588" E 367 39" 2004678  194,4080 0,0944 0.0799 0,2394 39 39 09315 06905  0,0000 0,0000
B 22.02.2024 0:00:05 N 55° 10" 50,54705" E 367 39° 2904715 1944122 0,0944 0,0800 02398 39 E 09317 0,6906  0,0000 00000
7 22.02.2024 0:00:06 M 55° 10" 50,54702" E 367 39° 29.04700" 1944113 0,0946 0,0801 0,2400 39 39 09325 0,6906  0,0000 00000
£ >
Records count: 3600 | Selected: 1 |
Figure 79 — Table
Epochs data by epoch in tabular form
RecMo  Dataset Solution type  Engine mode Time Status  Latitude Longitude Height, m RMS, m Satellite
1 Extreme_191856 Mav Receiver 25.09.202019:19:15 code N 55" 391732245 E 387 06' 11,43603" 147 4649 17,7396
2 Extreme_191856 Nav Receiver 25.09.202019:19:16 code MN55°39"1732017" E 38°06' 11,48633" 147 2707 17,5289
3 Extreme_191856 Mav Receiver 25092020 191917 code M 55° 39" 1732509" E 38°0&' 11,491381" 1471898 17,9174
4 Extreme_191856 Mav Receiver 25002020 191918 code N 55°39°1733060° E38°06' 11,49803" 1471517 18,0027
5 Extreme_191856 Mav Receiver 25.09.202019:19:19 code N 55" 39 1732691° E 38° 06 11,49800" 1470732 17,5189
[ Extreme_191856 Nav Receiver 25.09.2020 19:19:20 code MN55°39"1732612" E 38° 06' 11,49%00" 146,9787 17,2008
Records count: 60178 | Selected: 0 ‘
Figure 80 — Table
e Solution type - navigation, floating, fixed.
* Engine mode - coordinates calculated by the receiver or PGO
e Status - depends on the receiver or PGO solution
Raw data chart measurement charts.
& Raw data: Extreme x
Type
@ Raw data

3

%

m, i
lil "
I -

!!u

il-

O Interferometry
Shading

@

yFYyvvyvw

(Mars

(M GLONASS.
B GAULEO
(Mazss

([ BEIDOU

e

st L

SNR
SNR.
SNR
SNR
SNR
SNR
lono

. e

19:22:20.00

19:31:40.00

19:40;

:00.00 19:42:20.00 19:56:40.00
Time{GPS) (Min: 25.09.2020 19:19:15 | Max: 25.09.2020 20:21:16 )

20:05:00.00

20:13:20.00

Lo}
u

1
c2
lal
p2
P2
5

Tropo correction
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The raw data shows base to rover single differenced GNSS signals values. Interferometry shows
satellite to satellite single differenced GNSS signals values. Statistics are displayed both on the
screen and exported to a text file.

Common time chart for recordsets time (CTRL+ select recordsets)

Common satellites  diagram of common satellites for recordsets (CTRL+ select recordsets)

& Commen satellites

= d@

Common satellites [l Elevaticn IZI

Satellites (Min: 2,0000 | Max: 49,0000 )
— o rs w w IS IS
o =3 & 5 h & &

=1

w

11:41:48.200 11:41:48.400 11:41:48.600 11:41:45?3_00 b M_1.'\0?101?91‘330HmusﬂMm:dg%Znﬂ?wan11.’411“\5:]”:49‘400 11:41:49.500 11:41:49.200 11:41:50.00
Elevation _2 melGES) (i 0701 R -
Figure 82 — Common satellites diagram
Ephemeris diagram for ephemerides loaded into the project
Report generate a report
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VA report - Viewer

Gieme Hopen Hswevw @0 00 B(E O @ LS 3 B %% BB B | o=
Time GPS] w| Angletype Degress, Minutes and Seconds v
Time view DateTime ~| Anglereund [5
Time format 3/5/2008 5:26:51 PM <] Lengthround [4
Coordinate System  [Wwases =] Projectepoch [p
Unit type meters -
Reset Submit
CoordinateSystem WGSE4 Creator Program ProGecOffice
) Height type Ellipsoidal Agency Version 1.84.4
\ \’ Units meters Processed  05.03.2024 17:26:55
Time GBS
Recordset: Extreme Latitude N 55° 38' 17,17086"
Mode:: Static Longi tude E 38° 06' 11,38185"
Antenna: JAVIRIUMPH LSA KNONE Height, m 145,0870
Antenna height: Slant (SHMP) 0,000 (m)
Time Tatitude Longisude Height, m BRMS , m POOP TOffset HumSat
2020-09-25 15:15:15.000 N 58° 38" 17,32770" E 38° 06" 11,40770" 143, 5888 2,411 0,942 €1 712,855 a1
2020-05-25 19:18:16.000 N 55° 38' 17,30580" E 38° D&' 11,41144" 143,3503 2,431 0,942 61 406,807 31
2020-05-25 15:19:17.000 N 55° 38" 17,32601" E 38° 06" 11,42268" 142, 9874 2,534 0,542 61 100,848 31
2020-05-25 15:15:-13.000 N 55° 38" 17,27671" E 38° 06" 11,44356" 142,0727 2,177 0,528 €0 753,850 a1
2020-05-25 15:15:15.000 N 55° 35" 17,26€426" E 38° 06" 11,44554" 144, 3657 1,880 0,573 €0 450,126 ao
2020-05-25 15:15:20.000 N 557 38' 17,32034" E 38° 06" 11,44570" 142,331¢ 2,001 0,543 €0 183,210 a1
2020-03-25 15:18:21.000 N 55° 38 17,30204" E 38° 06" 11,44510" 141,8882 2,181 0,943 E9 877,312 31

Figure 83 — Report

Export export recordset data to jps or RINEX files

Solution set the recordset coordinates corresponding to the coordinates

from the receiver or calculated in the PGO

taken

4.5 Sites

PGO creates object Site using the source data and the Toflerance criterion for sites. Several
recordsets can be assigned to one site, depending on the distance between the positions
corresponding to the coordinates of recordsets. The criterion for creating individual sites is set in
the project settings. Recordsets that overlap in time create a vector that can be processed.

The menu designed for the site objects management looks as follow:

F] <l Sites -
b ) AntAl =

» 7 BALB_ AL

> Extren Q

(3 l2g09:

[ Low

Project >

Properties  Cirl+Enter
Zoom Ctrl +Space

Delete Del

Expand all
Collapse all

Figure 84 — Sites
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Properties

The site properties window contains information about the site coordinates and coordinate errors:

& Antal X
Mame |AntA‘| |
X¥Z BLH  Grid X¥Z  NEU
Coordinates Sigma
Latitude [N 557 50' 3642049" | | X [0@ss7 | m
Longitude [E 377 32'14,58894" | | v [08436 | m
Height 2044758 | m z 11348 | m
£ wasss |
Comment
OK Cancel

Figure 85 - Site properties

Zoom show the site on an enlarged scale in the center of the cartographic
window
Delete the item is deleted as an object, but the recordset and dataset are not

deleted. Can be restored by selecting the menu item Restore recordset

Expand all expand all nodes in the tab

F] .:,'_'Sites
V] Antal
2! antad
+r BALB_2024_02_22_00_00_00_1
& BALB_2024 02_22_00_00_00
F Extreme

h

L Extreme
A log0925¢c
£ log0925¢
4 Lo
L Low
Figure 86 — Expand all
Collapse all collapse all nodes in the tab:
L JSHES

Figure 87 — Collapse all
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Change vectors direction  set the direction of the vectors (all from the selected site or all to the
selected site)

{:} Change vectors direction > to site

-r

from site

Figure 88 — Change vectors direction

When sites operating in the cartographic window, additional options are available. To access the
corresponding menu, select an item by hovering the cursor over it and clicking the mouse, and then
press the right mouse button:

Info > |
AntAl B 4L Properties Ctrl+Enter
1 Zoom Ctrl+Space
2 Delete Del
Merge
Paste Ctrl +V
& Snapit
(:.9 Snap to.. Ctrl+T
¢ Unsnap
€3 Make reference Alt+R
$ Lload Stations >
‘:, Change vectors direction >
2! Antad [
Figure 89 - Site operating
Snap it shap a site to a reference point. After selecting this menu item, select the

reference point, right-click on it and in the menu that appear

Snap here snap to selected reference site
Info (3 |
@ Antal 4 Snap here
%L Properties  Ctrl+Enter
) Zoom Ctrl+Space
1  Rename F2
2% Delete Del

Figure 90 — Snap to selected reference site

Snap fo... snap site to the reference point selected in the list
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@ LAVH_2023_11_23_12_00_00_1

4 .J Reference points
€% LAVH(0.0057 m)
@ DMDV{47678.8962 m)
@ MRFM{91350.7216 m)
@ NGME(107433.0248 )
@ BALC{109516.2756 m)
»- |j Solutions
> |j Receiver

Unsnap

XZ BLH Gnd

— O X
Latitude [N 55° 51 47.81243" |
Longitude |E 37° 28' 59.57865" |
| m

Height (2094917

EPOCH  |2000.2623

L3 WEss4

Cancel

Figure 91 — Snap to...

Unsnap unsnap a site from a reference point
Make reference create a reference point with the coordinates of the site
Load stations import Continuously Operating Reference Stations data

#»  Load Stations
‘*::. Change vectors direction

COR5_US
SOPAC
MGEX
IG5

¥ ¥

vy v

Figure 92 — CORS networks
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CHAPTER 5. POST PROCESSING

Post-processing is a Vector option. Recall that recordsets which have time overlapped GNSS
observation sessions yield a Vector. A goal of post-processing is a Solution. Depending on a type
of rover Recordset we distinguish static or kinematic modes of post-processing. Type of recordset
is figured out just after importg GNSS data relative to Criterion for static in a project settings. PGO
offers type editing through recordset properties dialog.

Activate Process tab in a project pane to get access to post-processing.

Post-processing could be run in a batch mode via Vectors item in a Process tab of project pane.

A ([} Vectors |
d 231 {E} Process F12
- % | [E] Settings  Ctrl+Akt+Enter
> L
2  Delete solutions Del
> L
. L 1 {1} Report Ctrl+R ®
> L1 Export 2
> &
> 1 ,LT Sort By P Date
> £ VORN_2023_11_23_12_00_00 f5| Site

Figure 93 — Sorting vectors

Otherwise, use Selection by point/rectangle tool in the main toolbar for post-processing through
the map. The post-processing of static data yields the increments of coordinates from base to rover
in the geocentric coordinate system. The static Solution is shown on the solution layer as a line
object. The post-processing of kinematic data yields a set of solution vectors so-called fan. The
kinematic solution is shown on the map as a collection of point objects. The point positions are the
end of solution vectors. We use base and rover indications for terminal points of Vector

The static engine, as well as kinematic one, use so-called single differences of GNSS data.

Vectors options:

Process post-processing of all unprocessed vectors

Settings open process settings window (described below)

Delete Solutions delete all solutions from a project

Report create a vectors processing report

Export export to exchange formats

Sort by sort vectors by date or site name. Initially Vectors tree is structured by

date of the beginning of time span
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] I} Vectors

4 B 23.11.2023
2 {(;i-} Process

¥

M #%  Delete solutions

F12

Del

¥ ¥ ¥yry¥yry¥yrxr

KRR EEEE

Figure 94 — Date node options

Data item options:

£ NRFM_2023_11_23_12_00_00 /<
£ RAMN_2023_11_23_12_00.00 /
£ SFRN_2023_11_23_12_00_00 /Si
£ SHEH 2023 1123 120000 /Si
£ VORN_2023_11_23_12_00_00 /S

Process post-processing for all associated vectors

Delete solutions delete all solutions

The next level of Vectors tree corresponds to base object. Sublevels are rovers.

F |jVecturs
4 [ EE23.11.2023

- & BALB_2023_11_23_12_00_00 /Si
4 & SHEH_2023_11_23_12_00_0(

o Pewerne 1

» & ZING_2023_11_23_12_00_00

o Solution 1
# Solution 2
 Solution 3

. 2 NRFM_2023 1122 12 000
4 £ VORN_2023 11231200 0

o Solution 1

- 2 LAVH 2022 1123 12 0000
- 1 DMDV 2023 1123 12_00_00 /%

Figure 95 — Vectors tree

Both base site BALB and rover site DMDV are signed by £ static recordset icon.

A B Vectars
4 [ 5523012023
4 % BALB 2023_11_23_12 00 00 /Si
4 [ % sHEH 202311 {5} Process
& Pewerne 1
» 1 & ZING_2023_11_
4 £ DMOV 2023 11

22 Delete solutions

BALB_2023_11_23_12_00_00

F12

Del
»

Figure 96 — Base tree options
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Base node options:

Process post-processing for all unprocessed lectors

Delete Solutions delete all solutions related to the base node

The last level of vectors tree is intended for solutions that appear under rover node after post-
processing. Initially the rover node is empty. Processing adds a Solutionto an item.

4 4 [P Vectors
4 [ §#23.11.2023
4 [ 8 BALB_2023_11_23_12_00_00 /Si
4 £ SHEH_ P72 11 92 12 nn o
M sPe {G)  Process F12
> 2 2ING_ 9% Properties Ctrl+Enter
4[4 8 oMDV. Q  Zoom Ctrl+Space
M 5ol )
= /5ol Delete solutions Del
M 5ol ‘:, Inverse
> M4 & NRFM_ = Runtime Ctrl+R
« M é VORSN'I [l Differences Ctrl+G
ol
» & 8 Lg/H ]  Common satellites Ctrl+H
» & 2 omov 20-2 2 SHEH_2023_11_23_12_00_00 >

Figure 97 — Rover tree options

Rover node options:

Process post-processing if no solution exists

Properties open vector properties window:

Visible on map

Base |BALE_2023_11.23_12_00_00
Rover  [SHEH_2023_11_23.12.00_00
Endtime  [23.11.2023 v |[12:50:50 :

Tirme span |{]j 1:00:02

|
|
Begin time [23.11.2023 v |[1200:00 |
|
|
|

Epochs |3l5[JU

length 51840007 | m

View base Wiew rover

Close

Figure 98 — Vector properties

View base and View roverbuttons open relative recordset properties window.
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Zoom scales the map by the length of the corresponding vector
Delete solutions delete all solutions rover node related
Inverse change the direction of the vector (which will lead to corresponding

changes in the vector tree)

Runtime opens the Runtime tab, which allows to process a single vector and
obtain two or more solutions for it with different settings (described
below in the section Processing a Single Vector)

Differences chart of GNSS signal differences used in post-processing
@ Differences: NGMK_2023_11_23 12_00_00=>SFRN_2023_11_23 12_00_00 X

2E 3 || @

Type

3 (®) Single difference

() Double difference
Shading
Min Max
Elev. |0 90
o —

Refresh

4 [ ([Ban
» 4 (lars
> (M GLoNASS
> (P GALILED
» 1 [l BEDOU

cp "~
L1
L2
L5
1
c2
Pl

11/23/2023 12:00:00 PM 12:08:20.00 12:16:40.00 12:25:00.00 12:33:20.00 12:41:40.00 12:50:00.00 12:58:20.00 E

Time(GPS) (Min: 11/23/2023 12:00:00 PM | Max: 11/23/2023 12:59:59 PM ) o e
Figure 99 - Differences chart
Common satellites open the visibility of common satellites for the base and rover chart
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| Common satellites [Jl] Elevation IZI

Satellites

11/23/2023 12:00:00 PM1 2:08:20.00 12:16:40.00 12:25:00.00 12:33:20.00 12:41:40.00 12:50:00.00 12:58:20.00
Tirme(GPS) (Min: 11/23/2023 12:00:00 PM | Max: 11/23/2023 12:59:58 PM )

Figure 100 — Common satellites chart

5.1 Settings
@' Process b4
Static  Kinematic
Engine  Satellites
Engine type |Defau|t ¥
Engine mode Troposphers [] Use precise ephemeris
® Auto Model |Aut::| w | L] Interpolate base
[] Save residuals
() Fixed &  Pressure hPa
O Float # Humidity |50 | %
O Code & Tempersture |ED °C
(O L1 only Py
O L2 only Cut off mask |12’ |
O L5 only Max distance |5L'HJ | km
L1+ L2+1L5 &
() Wide lane y
Default
QK Cancel

Figure 101 — Process properties
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5.2 Static

Engine tab

Regular PGO software is delivered with one default engine. By request additional engines may be

activated.

Engine mode options:

Auto

auto detect best combination of base and rover overlapped data

Fixed

automatic mode processing, get a fixed solution only

L7 only, L2 only, L5 only

process L1, L2, L5 data respectively

LT1+L2+L5 process L1, L2, L5 all together
Wide lane process L1 and L2 data in Wide lane combination
Float not integer processing in Auto mode
Code 06paboTka No KOAOBbIM U3MEPEHUAM
Troposphere tab
Mode/ a list of most popular modern models
Troposphere
Maodel Auto
Auto 2
Pressure
ProGeoOffice
Humidity Zero
Simple
Temperature GCAT
MOPS
Cut off mask || GoadandGoodma :|
ME W
Max distance (500 | km
Figure 102 — Troposphere models
Pressure, Humidity, input of meteo parameters, Humidity value extremely affects to altitude
Temperature
Cut off mask rejection satellites data by elevation angle
Max distance maximum baselines length (in km). Focus on this parameter in batch

processing. Some vectors may be skipped/

Use precise ephemeris

process vectors using precise ephemeris if those are available on the
date of processing. PGO can automatically download ephemeris from

Internet.
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Interpolate base

interpolate base GNSS data if rover data sampling is different

Save residuals

store residuals in a project database. Residual is result of subtraction
measured code or carrier phases values (depending on processing
mode) and a distance between final receiver position and satellite.
Storage of residuals make post-processing slower. In the meantime
residuals chart is a main tool to control post-processing result for data

captured in a bad environment.

Click '# button to customize Solution object style on a map:

Satellites tab

& Style X
Lines

Fixed

wan ¢ >
Color | M ~
Arrow

o || e

Figure 103 — Object style

Use this option to unable/disable satellites.
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& Process X
Static  Kinematic
Engine  Satellites

@ @ cnable/ Disable All

~ GPs|@

0000000000000 0000000I0000
Q00000000000

v GLONASS | @
~ GALILEO (@
v azss|@

~ BEIDOU @

v |RNss|§|

OK Cancel

Figure 104 — Process properties. Satellites tab
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5.3 Batch processing

Continuous vectors post-processing could be run by Vectors tree item or using selection Vectors

on a map by or tools:

High145.353 High|145.353
Middls|143 883 Middls|143 883

Exfremsz|145.125 Exfrems|145.125
’ enji4aiad i L
Low]d Sites (3) >

.~ \Mectors (5) > i Process F12

A& Properties Ctrl+Enter

) Zoom Ctrl+Space

82 Delete solutions Del

f; Inverse

= PRuntime Ctrl+R

@ Differences Cul+G

Commen satellites  Ctrl+H

Figure 105 - Vectors selection for processing

@ 5@l

Type Time Remaining MName Status Progress Finished Speed
& 00:0009 00:00:01 log0925c=>High phase evaluation ] 72% T2%/s
& 00:0009 00:00:01 10g0925c=>Middle code processing | ] 81% 81%/s
& 000009 00:00:01 10g0925c=>Extreme base capturing [ ] 46% 46%/s
& 00:0009 00:00:01 log0925¢c=>0pen base capturing B 17% 17%/s
S 00:00:00 00:00:01 log0925c=>Low Waiting 0% 0%/s
<

Records count: 5 | Time: 00:00:09 | Time left: 00:00:00 | 46% | Finished / Total: O/ |
=] Progress

Figure 106 — Processing progress

@
Processing progress is shown in a Progress window. Click to abort processing.
Log tab looks like this:
@ B
11:49:40 11:49:32: : Loading file:///D:/l/0sechenki 2Z020/2020-09-25/Extreme 191856.]Jpa

11:49:3%: : Unknown messages: 22335 10.44
11:49:3%9: : D:\1\Osechenki 2020%2020-09-25\Extreme 191856.jpas finished; 3722 epochs total

11:49:41 11:49:32: : Leoading file:///D:/1/0=sechenki 2020/2020-09-25/Middle 171317.jps
11:49:3%: : Unknown messages: 22323 10.48
11:49:3%: : D:Aw1M\Osechenki 2020M2020-09-25\Middle_171317.jps finished; 3720 epochs total

11:45:42 11:49:32: : Loading file:///D:/1/0sechenki 2020/2020-05-25/Cpen_15072E.Jps
11:49:40: : Unknown messages: 22329 10.46
11:49:40: : D:v1vOsechenki 202002020-08-25%0pen_15072E.Jps finished: 3721 epochs total

Records count:5 | Time: 00:03:17 | Time left 00:00:02 | 48% | Finished / Total : O/5 |
[#] Progress

Figure 107 — Log tab
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Below an information about elapsed processing time and statistics of solutions.

5.4 Single vector processing

This approach makes sense if user wants to refine solution yielded by batch processing or to

process vector with different processing settings.
Select the rover node in the vector tree or the vector on the map, right-click and select the vector,

then select the Runtime menu item:

High|143.535

Middle|143.786

E=freme|143.833

Info

log0925c=>Extreme (1)

V4

¥ ¥ r

iy ":.- o 10g0925c=>Extreme {::}} Process F12
(:A)ﬂﬁ' i

AL Properties Ctrl+Enter
) Zoom Ctrl+Space
22 Delete soluticns Del
t, Iverse
=  Runtime Ctrl+R
E Differences Ctrl+G
Common satellites  Cirl+H

Figure 108 — Runtime
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Bottom pane appears:

CHELSD BEEH odd

[500.2020 ~|[19181:5|Q

log0925c - Extreme

[25.002020 v |[2021:1eH]|Q
()
4 & [Wan
» M ([Bars
A
A

» [ (BeLonass
E@}g

S ([P GAaLLED
run post-processing

» [ [Pazss
S (P EEIDOU

19:23:20.00 19:31:40.00 19:40:00.00 19:48:20.00 19:56:40.00 20:05:00.00 20:13:20.00 20:21:4
Time{GPS) (Min: 25.09.2020 19:18:15 | Max: 25.09.2020 20:21:16 )

Figure 109 — Bottom pane

©

[ [-]
=N
=] (-]

post-processing options

diagram Runtime

diagram Common satellites

diagram SkyPlot

Differences chart

select all satellites

B &l & B

clear chart

F

disable satellites

I enable satellites

lgl print

(o]

1



Chapter 5. Post processing

save as...

5

Ay

show all

The left pane is intended for satellites disabling and Start/Endtime may be edit. Settings, Common

satellites, Differences and SkyPlot windows were described above

Solution

The item is accessible as through map and from project pane as well.

Highl143.535
Middl=|143.785

Infa >

& 10g0925c=>High (1) >

log0925c=>High >

7

BEO ©%a

®

Properties
Delete

Joom

Disable
Enable

Residuals

Report
Export

Ctrl+Enter
Del
Ctrl +5pace

Cird+D
Ctrl+E

Ctrl+F

Ctrd+R
[ ]

Figure 110 — Solution menu item
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Properties

(£ 10g0925c - High / Solution 1 *
Coordinates  Statistics  Antenna  Satellites  Settings
X¥Z BH Grid X¥Z  NEU

Rowver Increment

Latitude [N 55° 29' 17,71051" | x [149590 | m
Longitude [E 38° 06’ 09,80086" | v 328457 | m
Height  [143,5350 | m 7 [21,6426 | m
EPOCH  [0,0000 |

Basze Sigma

Latitude [N 557 29" 16,46024" | x Jooor2 | m
Longitude |E 38° 06' 1075109 | ¥ [o00s2 | m
Height  [1437368 | m  Z |o,0060 | m
EPOCH  [0,0000 |

% WGSS4 o | Length |42,0355 | bt

Residuals Delete Close

Figure 111 — Coordinates tab

Coordinates tab

e Roverand Base coordinates on epoch date of the project

e Solution components in XYZ

e Sigmas are diagonal elements of correlation matrix. Only coordinates systems announced

ina

project are available.
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Stalistics tab

64

&2 log0925¢ - High / Selution 1 x

Coordinates ~ Statistics  Antenna  Satellites  Settings

Process time

Begin time Measurement total |451163 |
125.00.2020 v | 181817 |
- Measurement used |321944 |
End time
125.00.2020 v | 121218 $|  Ambiguity total  [639 |
|

Ambiguity fied  [32

|07.02.2024 v | 125527 =
T |Fixed | Time span min
RMS residual |0|D112 | m R |M?3'16 |
Fix ratio 100 %
Satellites used |‘| 1 |
Epochs |3T22 |

Residuals Delete Close

Figure 112 — Statistics tab

Total and left code and phase data in Solution

Number of total and left phase ambiguities

Time span equals epoch number multiplied by record interval

RMS residuals = sqrt(sum(sqr(v)) / n), v — residual, n — epoch number
Fix ratio - Fisher statistics

Left satellites used

Min/km - time span divided by length

Begin, End time shows time tag of observation session

Process time - post-processing time and date
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Antenna tab

5@‘ logl925¢c - High / Solution 1
Coordinates  Statistics  Antenna  Satellites  Settings
Base Rowver
Type Type
| Unknown v| Q| JAVTRIUMPH_LSA NONE v | Q
Height Height
Type | Vertical(ARP) v Type [SiantisHmp) v|
Value ‘{J,DD'DD | m Value |D,D[JD-U | m
Offsets Offsets
North [0,0000 | m  North [o,0000 | m
East  [0,0000 | m  East  [o0000 | m
Vertical 0,000 | m  Vertical [0,0000 | m
Serial number | | Serial number |
Residuals Delete Close

Figure 113 — Antenna tab

Type antenna model (NGS US convention)

Height Type

antenna measurement point

Height Value

direct distance between measurement point and ground point

Offsets

distances between ground point and point of interest

Serial number

antenna serial number
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Satellites tab

Coordinates  Statistics

Antenna

) log025¢ - High / Selution 1

Satellites  Settings

log(0925c - High

CCICTITTCICICLILLD

18:16:40.00

18:33:20.00 18:50:00.00 19:06:40.00
Time(5P5) (Min: 25.09.2020 18:16:17 | Max: 25.09.2020 19:18:18 )

Residuals Delete Close

Snapshot of Timeline chart.

Figure 114 — Satellities tab

Settings tab
& log0925¢ - High / Solution 1 X
Coordinates  Statistics  Antenna  Satellites Settings
Engine type | Default hd
Engine mode Troposphere [[] Use precise ephemeris
[ Save residuals

) Fixed Pressure hPa
) Float Humidity %

L1 onl 7

L5 onl Max distance km
O+ 12+1L5
(O Wide lane V

Residuals Delete Close

Figure 115 — Settings tab

Snapshot of post-processing settings window.
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5.5 Kinematic solution
Kinematic solution

Get access to solution option by selection Vector item on a left pane or Vector object on a map:

@ - O X
S eroject ([@iMap Trview () Tocls @)rrogram [T Help
B == =0 + el % .
BB EeoEdsfes@ad%|E®OL D ORKY|IE
4 (M vectors
4 07,2004
4 [ 2l gase
Properties  Ctrl+Enter
50 Delete Del
Q Zoom Cirl+Space
[ Disable Ctrl+D
Enable Ctrl+E
[ Residuals Ctrl+F omom  _coonoom
] Table View
— Se— —
> - =)
Ot et [ oHd g |HHWo[%ad
ort »
= Time Latitude Longitude Height| 3 145 r
- 14.07.2004 10:58:14 N 68° 07 47,19320" E 55° 06' 47,37057" 310 /v’\/
2 14.07.2004 10:58:15 N 68° 07 43,93110" E 55° 06' 47,58915" 3135 B
3 14.07.2004 10:58:17 N 6807 37.41046° E 55° 06' 4808338" ;::: g \/,A,\
4 14.07.2004 10:58:18 N 68° 07 34,14456° E 55° 06' 4832732" a7 f\f\% NS
5 14.07.2004 10:5%:19 N 6807 3087207 E 55 06 48,59117" 2115 1,'\/\'
6 14.07.2004 10:58:20 N 68° 07 27,50028" E 55° 08 48,86007 y o e
TEmag AroTanarinrane hg e T e Time{GPS) (Mir: 14.07.2004 10:50:14 | Max: 14.07.2004 11:15:42 )
Records count: 988 | Selected: 1 | GPS:1407.2004 10:59:14 | Height:3117,4236 | Height (Min: 3112,6069 | Max: 3145,8399
=] Source o Process (%) Table View
& Adjustment & Map &) Projects  latitude [N67 41 14g7252° | Longitude [E 550471101505 | ‘@ wased | . _

Figure 116 — Table view

In fact, almost all options are similar to above mentioned with exception of Table View. The option
opens new bottom pane with a table of coordinates with statistics and a chart of vertical profile. By
selection on a table or on a chart relative objects on map being selected also and vice versa.

Residuals

@ Residuals X
S| S e|GE |

Frequency

GLONASS 2
GLONASS 3
GLONASS 4
GLONASS 5
GLONASS 7
GLONASS.
GLONASS 9
GLONASS 13
GLONASS 14
GLONASS 15
GLONASS 16
GLONASS 17

Value (Min: -0,0774 | Max: 0,0761)

i
i
i
1

01:20:0000 06:53:20.00

12:26:40.00 18:00:00.00 22022024 233320
Time(GPS) (Min: 22.02.2024 | Max: 22.02.2024 23:50:59 )

Figure 117 — Residuals
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Statistics are shown in status bar. Otherwise, to reach statistics for single satellite right click on it
on a right pane and get Info window or export to *.csv file:

X
Frequency
U v]
{ e N
H 4 A
: 4 [ [l statistis > @ View
: 1 @aps2 = v
) GPS 3
1 @aps 17
GPSs 21
& @Gps 2z
GPS 31
4 ([P GLONASS
] @ GLONASS 1
GLONASS 2
1 @ GLONASS 3
] @GLONASS 4
@) GLONASS 5
Figure 118 — Save residuals
or select View to display statistics on the screen.
PRH: EES 2 GPS 3 GBS 17 GES 21 EP5 28 GPS 31 ¢
Samples: 11348 11360 101318 SRe62 11165 B507 1
BMS 0,0113 0,0100 0,0113 0,0105 0,012 0,0129 0
Minimum: -0,03%s -0,0333 -0,0257 -0,0428 -0,0307 -0,0450 -
Maximuam: 0,0340 0,023z 0,0425 0,0312 0,038% 0,08602 O
Feak to peak: 00,0738 0,0570 0,0688 0,0740 0,067& 0,1052 0
Summe : -53,9471 -33,5470 100,2055 -40,8381 85,6652 19,5385 8
Average: -0,0048 -0,0030 0,00%B -0, 0041 O,0008 O0,0023 0
Variance: 1,7071 1,2270 2,2850 1,247% 1,7385 1,4534 2
€ >

Figure 119 — Statistics
Report

To generate a report for all solutions select the Vectors node, right-click and select Report. To
generate a single solution report do the same steps for this solution:
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" Report - Viewer

¥ |]‘-fectt:|rs
4 [ 57 25.09.2020
4 [ 21 10g0925c
4 & Open

o Solution 1

F 2 Extreme

o Sotine 1
. £ P rties
> £ Middl # Prope

» [ & Low

22 Delete
> L High Q

Joom

Disable
Enable

Residuals

Report

= Bxport

Cirl+Enter
Del
Ctrl+5pace

Ctrl+D
Ctrl+E

Ctrl+F

Ctrl+R
[ 3

Figure 120 - Single solution repor

o bhE B

Blr O E ™ B

Close

] Angletype | Degress, Minutes and Seconds

& Print F7 Open Save v 9~ | [}
Time
Time view | DateTime

~| Angleround [5

Time format 3/7/2024 5:19:35 PM

<] Lengthround [4

Coordinate System [\yGsaa

<] Projectepoch [g

Unit type ‘ meters

Reset

Submit

Single solution report

Session name
Receiver
Receiver number
Receiver ID
Antenna

Serial number

Antenna height, (m)

log0825c.jps

JAVAD TRIUMPH 1M

35003

0S5XS0B8K4DeIS0QDSPVJAZQGHS

Vertical (2RE) 0,000

Figure 121 — Single solution report

Solution name log0925c - Extreme Solution type Fixed

Process time 07.03.2024 12:56:11 Fix ratio 495%

Begin time 25.09.2020 159:19:15 Time span,min 6z

End time 25.09.2020 20:21:16 Interval,sec 1,000

Measurement used 348957 of 474385 (26% BMS 0,013 (m)
discarded)

Satellites used GPS (&) /GALILEO (6) /QZSS (6)

Used observations C1 CP P1 L1 C2 CP2 P2 L2 C5 LS

Ephemeris Broadcast Temperature, °C 20

Cot off angle,® 12 Pressure, hPa 580

Engine Default Humidity, % 50

Processing mode Ruto

Point name log0925¢c Extreme

Extreme 191856.3ps

JAVAD TR LS54

16
1WUDUG4050JNN371LGYHOEASDT
JAVIRIUMEH LSA NONE

Slant (SHMP} 0,000
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CHAPTER 6. ADJUSTMENT

Geodetic network adjustment uses Weighted Least Squares method for solving over-determined
linear system:

AX =1L, (6.1)

Depend on 3D/2D adjustment mode the design matrix A has 3*n or 2*n rows (n - number of
solutions) and a structure comprising +1 and -1. X is a matrix of unknown node coordinates. The
number of unknowns m equals the number of network nodes multiplied by 3 or 2 also. L is an array
of Solution components dX, dY, dZ. In the case of adjustment in geocentric linear equations system
is:

where X, Y, Zare unknown coordinates of M and N network points.

The redundancy of the network adjustment problem is a number of rows minus the number of
columns. Subject to a weight matrix W solution of [6.1] is given by solving:

ATWAX = ATWL (6.3)

Weight matrix W is a block diagonal matrix formed using Solution covariance matrixes.
Network adjustment solves two main problems:

1. Get post-processing solution accuracy estimation, outlier and blunder detection.

2. Calculation of final point coordinates tied to reference points and statistics.
As much as coordinates are not a goal of the first problem it runs as inner constrained mode. To
overpass the singularity of normal matrix we use singular value decomposition (SVD) method. The
research of network adjusted in inner constraints mode is intended for detection and making odd
from final adjustment results blunders and estimation of systematic errors impact. The detection of
blunder is treated using Pope’s T -test.

(6.4)

gii are diagonal elements of the cofactor matrix.

This method computes standardized residuals detect blunders in iterations and remove suspicious
data from design matrix. The iterations continue until blunders have been disable and 2 test passed
depend upon the significance level and the degree of freedom.
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Quy = Qu — AQxxAT: (6.5)

where Q,, is a block diagonal matrix of 3x3 dimension solution covariance matrixes, Q,. is inverse
of ATW A matrix.

T- test treats solution as a blunder if a residual exceed T - value.

1
%, n —m is determined in T- distribution ag = 1 — (1 — a)x .

a is user defined significance level (68%, 95%,99%).

Level 99% corresponds to the most soft restriction and 68% level is the most strong.

Note that 1 -test uses standardized residuals for blunder detection instead of its absolute value so
small residuals could be treated as blunders also.

Least Squares method deals optimal results in geodetic adjustment if GNSS data post-processing

solution errors are normally distributed. y?-test checks if solutions errors are normally distributed.

It compares so-called unit weight error p and y? statistics.
1
xi< p?= — x VTPV < Xz (6.6)

In fact  y2- test  estimates consistency  of  solution covariance matrix
Q,, relative to a posteriori statistic.

In the case of geodetic adjustment failed y2- test it indicates that some observation sessions were
too short. Due to time correlation of GNSS data solution accuracy is overrated. In the meantime
loop closure are often big and p is out of limits.

Inner constraints adjustment runs in relative coordinate systems. To show inner adjustment result
in a cartographic window we snap relative coordinated network to first listed reference point (if it
exists) or to first listed site. Second goal of adjustment are coordinates of measured ground points.
To reach it the network must be snapped to ground reference points and final adjustment should
be running under external constraints.

6.1 Net

To start adjustment switch to Adjustment tab in Project pane. As well as a subject of adjustment
are Solutions than complete Process procedure in advance. The objective are Sites. First step of
adjustment (Inner constraints) evaluates Loops closure. We use Edge category to show loops. In
fact Edge appears as a result of So/utions adjustment. Remember that Solutionis a result of Vector
post-processing. There is a special layer to represent £dges in a map pane. Loops closure deals
simple additional estimation of post-processing data accuracy. It is the sum of solutions
components along with a Loop. Loops detection is running during network adjustment procedure.
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4 ([l Network
4 P sites
CPAC
MIDT
& MIPY
WARR
r e}.l Reference points
& MIPY
4 ' Solutions
' Elunders
¥ Disabled
4 [ Common
& MIDT=>CPAC (-0,0002, -0,0016, +0,0018)
& MIDT=>MIPV (+0,0001, +0,0013, -0,0008)
& MIDT=>WARR (+0,0000, +0,0000, -0,0004)
& MIPV=>CPAC (+0,0002, +0,0018, -0,0015)
& WARR=>CPAC (-0,0000, -0,0003, -0,0001)
& WARR=>MIPV (+0,0001, +0,0003, -0,0004)
4 (JLoops
» [\ (+0,0003, -0,0007, -0,0023)
» [\ (-0,0001, -0,0005, +0,0008)
» [\ (+0,0010, +0,0002, -0,0061)
4 i Edges
P i Common
& MIDT-WARR
& MIDT-CRAC
& MIDT-MIPY

Figure 122 — Net tab

Upper items in Adjustment tab:

Net main adjustment item
Sites list of adjustment objects
Reference points list of control ground points with postulated coordinates, external

constraints

Solutions subjects of adjustment
e Blunders - not passing tau-test Solutions
o Disabled - solutions excluded in interactive mode

e Common - solutions passed all test and affected to final result

Loops a closed circuit for which the non-closure values are calculated

Edges result of equalization of Solutions
e Common - in a closed loop with a passed t-test
e Single ended - - having only one common point with the network
e Bridges - connecting groups of closed loops

e Blunders - failed t-test

Kinematic kinematic solutions
Precise Point site precise positions
Positioning
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Introduce a terminology of other items:

4 (P Network
4 .:.(' Sites

4 W Reference points
& NGNK
&3 SERN
&7 VORN
4 (P solutions
» [l Blunders

» [} Disabled

» ([l Commen DMDV-2023-10-21|203.857
4 -'Loops

> /\ (-0,0021, +0,0015, -0,0046) NRFM_2023_11_23 12_00J00_1201.3684

» [\ (-0,0001, +0,0014, -0,0314) VORM_2023_11_23_12_00_00_1|228.855

» /\ 00090, s00044, 00551y | f  _& — ~ °
» /\ (-0,0067, +0,0020, -0,0205)
» Edges
' Kinematic

"

([} Precise Point Positioning

Figure 123 — Adjusted network

Sites point objects shown on the map with cartographic sign relative to Legend.
Initially, sites are generated for raw data recordsets upon standalone
solution. Cartographic sign of Site reflects its origin - receiver calculated,
standalone, post-processed, adjusted. The snapped sites are colored by
green. For example, site DMDV is on a standalone position, NFRM is on
post-processing solution, VORN snapped to reference.

Edge linear object created through adjustment. Edge connects two adjusted
sites and forms a network structure. The edges are shown on a special map
layer. There is Edge table in adjustment report. It is used for residuals and

relative error publishing. Edge types:

Single-ended edge that shares with a network one site only

Bridge edge that connects loops. It does not form itself any loop

Blunder edge that has not passed t-test. By default blunders are colored brown
Common others edges

Loops a list of independent loops generated under restriction of minimum edges

quantity in a loop

Loop closure residuals are indicated depending on adjustment mode (XYZ/NEU).
To get access to Net items point on it and right-click mouse button:
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4 ([ Network
d J Sites | == Adjust F10
BA Settings  Ctrl+Alt+Enter
() Dh 22 Clear Alt+Del
(D LA
() N {I} Reports
(NF 2 Export

Figure 124 — Right-click menu items

Adjust run network adjustment. Last adjustment will be dropped automatically
Settings involves a dialog window showed on Figure 125. Adjustment settings
Clear drops the last adjustment

Report generates standard report

Exports output files in most popular format

6.2 Adjustment settings

& Static >
Static
Blunder rejection Blunder detection
® Automatic ® XyZ
() Interactive () MEU
Constraints Confitence Level
() Inner Tau test 053 ot
(® Reference Chi2 95% ~
Loops
E horz |0,0500 m  Ahorz |1,000 PR
Ewert |0,1000 m  Awert (2000 PR
Ok Cancel

Figure 125 — Adjustment settings
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Blunder rejection
Blunder rejection scenario of blunders processing
e Automatic rejection - adjustment is running in iteration. Blunders
are excluded step by step until they are canceled
e Interactive - adjustment with a dialog. This allows to cancel a
solution at each iteration step instead of batch blunder processing
in above mentioned automatic mode.
Blunder detection
Blunder detection blunders qualification in inner constraints adjustment:

e XYZ- residuals are calculated in a geocentric coordinate system

e NEU - residuals are calculated in the topocentric coordinate
system (Northing, Easting, Up). There is additional specification
2D/3D to separate plane and vertical sources of errors. If an edge
was marked as a blunder in NEU 3D-mode then it makes sense to
readjust network as 2D to exclude error in vertical components
which happens due to wrong antenna height or type input.

Confidence level

Post-processed solutions that based on GNSS data obtained in a short session of observation may
have low absolute accuracy and a good statistics - small standard deviation errors (sigmas - square
route of diagonal elements of cofactor matrix). Thus its impact in adjustment is overvalued due to
big values of weight matrixes. In the meantime, edge residuals mustn’t exceed sigma more than in
2-5 times in the case of the normal distribution of errors. Otherwise, the Solution should be detected
as a blunder. The settings of confidence level limit allow to control blunder detection procedure.
From the other hand value of unit weight error must correspond to Solution accuracies. Regular p
value varies from 0.4 to 1.6. Formula [5.6] computes more accurate these limits using number
degrees of freedom and confidence level value. 99% level is the widest limit.

Blunder detection procedure affects to y2-test. Control of confidence levels for both tests allows

to passy?- test well.

Constraints

Inner adjustment of free network with no constraints. Residuals depend on
network geometry and solution quality. It is a significant preliminary network
adjustment which is running automatically for constrained network also. We
recommend run it in advance separately as it is a best way for post-
processing cancellation of outliers. Inner constraints adjustment computes
site positions in a relative coordinate system. Meantime results might be
similar to those of a case of fixed constraints adjustment with one reference
point.
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Fixed adjustment which could be completed if a network Sites were snapped
minimum to one reference point. Otherwise, a warning appears. Snapped
Sites position left steady. Reference points accuracy statistic does not
affect to residuals and computation but used for accuracy estimation.

Loops
Constant £(in meters) and linear parameter A (in ppm) define an acceptable limit for loop closure.

An equation is:

AL=EX~\N+AXL, 6.7)

where N - edges quantity in a loop, L - length of loop.
Loops with overpassed closure of are colored in red in the left project pane.
Interactive

This dialog window appears if interactive adjustment mode was selected:

& Interactive adjustment — O >
Recho Status  Mame H,om ¥, m Zm Tau, m @ / Reject
1 / RAMN 2023 1123 120000 1-NRF.. 01042  -0,3017 -0,0542 2263
2 /  NRFM_2023_11.23.12.00.001-LAVH.. 00398  -0,0372 -0,0244 424 7 Restore
3 /  BALB_2023.11.23.12.00.00_1- NRFM.. -0,0378  0,0311 0,0138 4,15
4 /  RAMN_2022_11.23.12.00.00_1-VOR.. 00048 00426 0,054 412 Subnet Tau = 3,208
5 / ZLNG_2023.11.23_12.00_00_1- NRFM.. -0,0268  0,0503 0,0527 404
Chi high = 2,241
; /  NRFM_ 2023 112312 0000 1-VOR.. 00321  -0,0375 0,0274 400
[ #]
7 /  SHEH 202311 23 12.00 00 1-NRFM.. -0,0337 0,031 0,0248 2,31 Chi2 test : No
3 /  RAMM_2023 11.23.12.00.001-ZLN.. -0,0130  0,0259 0,0219 2,30
9 /  DMDV_ 2023 11.23.12.00.00.1 - NRF..  -0,0210  0,0413 0,0283 242 Mu = 6,342
10 /  RAMM_2023_11.23_12.00.001-SHE. -0,0295 0,003 0,0020 3,27 )
Chi low = 0,031
11 / RAMN_2023_11.23.12.00.00_1- LAVH.. -0,0256  0,0213 0,0042 2,96
12 /  RAMN 2023 1123 120000 1-NGN.. -0,0101  0,0203 0,0240 248
12 /  RAMN_2023 11.23.12.00.00_1-SFRM.. -0,0173 00178 0,0123 216 v

Complete

Figure 126 — Adjust interactive

There are a list network edges residuals and T-statistics in a table. X, Y, Z are components of edge
residuals. 7au column includes maximum components of standardized residuals along X, Y, Z /
NEU axes. Right from the table shown common net statistics: common T value, unit weight error
(UWE), low and high limits of y2-test for UWE.

To exclude an edge from adjustment, select a row in a table and click Rgject. Press and hold Cir/
or Shift button to exclude more edges at once. By clicking Reject, the Restore button reruns the
adjustment. The dialog window Adjust interactive appears once more. The Complete button is
intended to cancel iterations.

The main goal of interactive mode is a y2-test achievement. To reach it we recommend to
consequentially reject edges with maximum value in a Tau column. It is not possible to reject Bridge
edge as it will split net in two subnets! In this case a warning appears. A network could be adjusted
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in subnets by disabling edge solution in advance before start an adjustment. Rejected edge is kept
in a table but corresponding row shown in gray. For restoring it select row and click Restore.

6.3 Kinematic solution adjustment

Multiple bases kinematic data processing generates new trajectory object in the Kinematic node

with options.

P |j Metwork
F .3_' Sites

Base

> |j Solutions
P |"j Kinematir
Trac E
(P Precise | E
&
O
=

MewBase
2l Reference points

Adjust F10
Ctrl + Alt+ Enter

Alt+Del
Report Ctrl+R

Export >

Settings
Clear

Figure 127

— Kinematic node

Adjust

running kinematic solutions adjustment

@Prﬂjett %Map :Ulew {E}Tﬂals Pro-gram [[EHElp
DERi 2P Fos|ac

] |j Metwaork
] .:,] Sites
Base
MewBaze
Al Reference points
> |j Solutions
4 |j Kinematic
° Track{MewBase Base)

[} Precise Paint Positioning

CIIEHJ m BDDDDIEHJ m

Figure 128 — Adjusted kinematic
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) Kinematic
Kinematic

Use fixed solution

Fixed pricrity

] Use float selution

[IMaximum length of base line

-

o

Range

QK Cancel

km

Figure 129 — Adjustment settings

Settings adjustment settings
o Use fixed solution - only fixed solutions are taken in account
e Fixed priority - ignore float solution if fixed one exists
o Use float solution - both float and fixed solutions will be adjusted using
epoch solution covariance matrixes
o Maximum length of base line range parameter sets maximum acceptable
in adjustment distance between base and rover epoch positions to anoxy
Clear remove the last adjustment from the project
Report report generation:
Export export to exchange formats
—
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" Report - Viewer

@ print BT open Bsae~ 2|0 O O B [l 2 @ ag EE ~ Close
Time GPS v| Angle type Degress, Minutes and Seconds v
Time view DateTime - Angle round 5
Time format 3/14/2024 2:28:02 PM +| Llengthround [4
Coordinate System | \wGsaq +| Project epoch (g
Unit type meters ~
Reset Submit

Adjusted kinematic Report Kin-1

CoordinateSystem WGSE4 Creator Program ProGeoQOffice
»)) Height type Ellipsoidal Agency Version 1 s
W Units meters Processed 14.03.2024 14:28:05

Time GP3

Use fixed: Yes Fixed priority: Yes

Use float: No Maximum range: o

Name Track (NewBase, Base]
No Time Latitude Longitude Height, m Residuals BMS Fixed
1 || 2004-07-14 11:00:00_000 N 68° 05' 16,35684" E §5° 07' 01,10016" 3114,7005 0,000,m 0,396,m Yes
2 2004-07-14 11:00:01.000 N €8° 05" 13,11135" E B5° 07' 01,31155" 3114,8254 0,000,m 0,35%5,m Yes
3 || 2pos-07-14 11:00:02.000 N 68° 05' 09826117 E 55° 07' 01,51525" 3114, 9568 0,000,m 0,395,m Yas
4 || 2004-07-14 11:00:03.000 N 68° 05' 06,54108" E 55° 07’ 01,70596" 3115,2451 0,000,m 0,395,m Yes
5 || 2poa-07-14 11:00:04. 000 N 68° 05' 03,25694" E 55° 07" 01,88494" 3115, 5402 0,000,m 0,3%5,m Yes
€ 2004-07-14 11:00:05.000 K &8° 04' 59,57328" E 557 07" 02,05572" 3115,9612 0,000,m 0,395, m Yes
7 || 2p04-07-14 11:00:06.000 N 68° 04’ 56,65045" E 55° 07' 02,22351" 3116, 4240 0,000,m 0,395,m Yes
8 2004-07-14 11:00:07.000 W 68° 04" 53,40852" E 55° 07" 02,38780" 3116,9343 0,000,m 0,395, m Yes

Figure 130 — Adjusted kinematic report

The adjustment of kinematic solutions is performed both for trajectories that have several solutions
from different base points, and for trajectories that have one solution. In the latter case, the adjusted
coordinates will coincide with the coordinates obtained from processing.
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CHAPTER 7. PROJECT SETTINGS

Use the main program menu to get access to the Settings option:

E%] Project ? Map

M New..

= Open..

K1 Save as..

(%] Close
Template

)1 Settings

=, Compact

Figure 131 — Project menu item

Open the Project Properties window, select Project, then Settings in the main menu. The left side
of the Project Properties window contains information about the location of the project file and the

date it was created:

& Project settings X
Filename  [DA1.pgx [l Maxepochgap  [300 |
Created  [14.03.2024 v | [16:14100 +]Q  Minrecordsetsize [3 |
Creator | | criterion for static [5,00 | m
Ageny | | ° Tolerance for static |3,00 | m
Comment Max vector length 3000 | km

Epoch 106.01.1920 v|Q

oK Cancel Default

Figure 132 — Project settings

When creating a project, the Creafor and Agency fields are filled automatically following the
example of the previous project.

On the right of the window, you can set the following parameters:

Max epoch gap the maximum number of skipped epochs between any two adjacent
epochs in the sample
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Min sample size

minimum number of epochs to create a recordset

Criterion for static

is the coefficient multiplied by the standard error of the epoch for
the sample. If the coordinates calculated for all epochs are inside a
circle with a radius equal to the criterion, the sample is determined
by the program as static. Otherwise, the sample is defined as
kinematic

Tolerance for static

The maximum distance at which the record sets refer to the same
point

Max vector length

maximum length of processed vectors

Epoch

the date of the project

The Default button

restores the default window settings
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CHAPTER 8. COORDINATE SYSTEMS MANAGER

The tool is available through main menu Program item:

or by clicking

F*n:l-grarn [IE Help

E Parameters

Language g
&% Coordinate systems

€3 Reference points

== Antennas

¥, Cameras

Figure 133 — Coordinate systems item

button on a toolbar:

@ Coordinate systems manager

e

4 J Favorites
4 |"_I Default
Chwesed
S WGSB4(ECER)

EEE World Mercator

252 NADE3(2011) / Califarnia zone 3
252 5K-42 / Gauss-Kruger zone T - 35-42° E

Project

4 P Project
4 Default
S WGSB4
= WGSBA{ECEF)
EE World Mercator

L
=

Figure 134 — Coordinate system manager

Default coordinate systems are:
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4 40 Favorites
¥ |"j Default
L WGssd
L WGES84{ECEF)

EEE Warld Mercator

Figure 135 - Default coordinate systems

SEESK-AD / Gauss-Kruger zone 7 - 36-42° E
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Click L button to add a subfolder Favorites root item:

EIEE:

P *I Favorites
P |j Default
LA WGESS4
-+ WGSB4(ECEF)
EEE World Mercator

|j Mew folder

Figure 136 — Adding the new subfolder

To edit subfolder’s name double click on it.

4
Click button to customize a list of preferable coordinate systems:

= JC

GeoMetric Ctrl+G
Mew Cirl+M
Local Datum  Ctrl+D
Localization Ctrl+L

S0 ¥ 0 w|[F

Default

Figure 137 — Coordinate system creation way

and choose way to add a new coordinate system:

GeoMetric copy the coordinate system from the GeoMeiric database
New create a new coordinate system

Local datum create a coordinate system by datum calculation
Localization create a coordinate system by localization

Default create a standard coordinate systems folder

8.1 GeoMetric database

Select GeoMetric for searching coordinate system in GeoMetric database,
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) GeoMetric - O *
Search by |Name ~ || | Q %

4 |j Continents
» I Africa
|j Antarctica
(P Asia
([P Europe
|j Morth America
|j Oceania
|j South America
4 (M Global
(P ITRF
Prz-a0
Pwas 72
(P wWGs 72BE
(Pwes 84

¥ ¥y¥yv¥yyvwy

¥ ¥yry ¥yrw

[] Custom transformation

Geoid Add Cancel

Figure 138 — Node selection

select Conftinents to select coordinate systems by continent name or Globa/to open a list of global
coordinate systems, select the country and the required coordinate system:

&) GeoMetric — O x>
Search by |Name k4 || | Q 23

A |j Russian Federation

» [P G5K-2011 6-degree Zones

» [l sK-42

» [P sK-a5
252 55-63 5t. Petershurg Region / 72
25 (35-63 5t. Petershurg Region / 73
25 (35-63 5t. Petersburg Region / Z3.5

=== (G5-63 5t. Petersburg Region / Z4

252 G5-64 / 5t Petersburg

a8s MGGT-1/ Moscow Region -

Custom transformation

Geoid Mext Cancel

Figure 139 — Coordinate system selection

If there are several transformations for a coordinate system, you should select the Cusfon
transformation checkbox, then click the AMext button, and select transformation in the valid
transformations list for selected coordinate system:
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Select a transformation and click

parameters:

&2 GeoMetric

O >

Mame |SK-42,"' M5K-02 zn. 2 Resp. Bashkortostan 10/3/2024 1:29:16 PM

() Show properties selected transformation

i SK-42 to WGS B4 / Default / MSK-02 zn. 2 Resp. Bashkartostan
e SK-42 to WGS B4 / GOST R 51794-2008 / MSK-02 zn. 2 Resp. Bashkortostan

Back

Cancel

Figure 140 — Transformation selection

() Show properties selected transformation

to view transformation

f,:,.u 5K-42 / MSK-02 zn. 2 Resp. Bashkortostan

Helmert Transformation (7-param. linear)

X-axis translation

23,570

- O x

Transverse Mercator
Latitude of Onigin
[ 0° 00 00,00000" |

Y-axis translation Central Meridian

|-140,950 | m  |E52° 01 60,00000" |
Z-axis translation Scale Factor

[-79,800 | m  [1.000000 |
X-axis rotation False Easting

lo- 00" 00,00000" | [2300000,000 | =
Y-axis rotation Flattening

|-0 00 00,35000" | [238.200000000 |
Z-auis rotation Prime meridian

|-0 00' 00,79000" | [E0r o0’ 00,00000" |
Scale difference False Morthing

0,220 | ppm  |-5409414700 | =
Semi-major axis (source) Semi-major axis
6378245000 | m  |6378245000 | =
Semi-major axis (target)

|6378137,000 | m G =P £ Foward

Flattening (source)

[298,200000000

Flattening (target)

[298,257223563

Prime meridian (source)

|E 0° 00" 0000000

Prime meridian (target)

|E 07 00" 0000000

Jo w57 Backward

Figure 141 — Transformation parameters
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then click the Add button to add a coordinate system to the list or the Back button. To select a
geoid model click the Geoid button and select the required geoid model:

) GeoMetric — O =

Filter by coordinate system

4 [ EGM2008 geoid
O] EGM2008 (Earth)
« EGMIE geoid
0] EGM98 (Earth)
4 [ GAO2012 geoid
0] GAD2012 (Earth)
1 Malin Head
QI O5GM15 Malin (Ireland)

pa

Figure 142 — Geoid model selection

then click the Add button to add a coordinate system to the list or the Mext button to return to the
transformation selection window (if the Custom transformation switch was selected), then click the
Add button. The selected coordinate system will be added to the selected folder of the Favorites

@@

P J Favorites
> |j Default
| |j Mew folder

288 SK-42 / Gauss-Kruger zone 7 - 36-42° E

252 SK-42 / MSK-01 zn. 2 Resp. Adygeya / EGM2008 (Earth)

SE5 SK-42 / MSK-02 zn. 2 Resp. Bashkortostan / EGM2008 (Earth)
i*« Amersfoort
LA EDS0

mem NADE3(2011) / California zone 3
7 WGSB4(ITRF2014)

(2

=%

Figure 143 — Created coordinate system
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8.2 New coordinate system

o

Click button on the toolbar to create a new coordinate system or select the folder where the

new coordinate system will be created, right-click, and in the menus that open sequentially, select
Add coordinate system and New buttons:

{;" Coordinate systerns manager

e

F] *I Favorites
» |j Default
4 |} New folde-
252 K42 B
222 NADE3(2!

SE-42/0G m

e e 2w e ¥

Mew folder Shift=Ctrl+M
Add coordinate system »
Rename F2
Cut Cirl + X
Copy Ctrd+C
Paste Ctrl +V
Delete Del
Import Ctrl+1
Export Ctrl+E

EDR (Farth!

GecData
Mew

Local Datum
Localization

Default

Figure 144 — Creation a coordinate system in a folder

A

Proj

Cird+G
Ctrl+N
Ctrd+D

Cirl+L

to create a new coordinate system select a new coordinate system type geocentric, ellipsoidal or

grid:

-’.E:;".

-+

Select type of coordinate system:

b5 Earth-Centered Earth-Fixed (XYZ)
7 Geodetic Datum Ellipsoid(BLH)

NN Projection{Grid)

Figure 145 — Coordinate system type

Consider the creation of a grid coordinate system, since this case includes all others.
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N o .
- Projection{Grid)

To do this, select the option o then select a datum from the list

or create a new one, if necessary:

& — O X
Create new or select datum:
Mew W
Back Mext

Figure 146 — Datum Selection/Creation
Datum parameters correspond to the transformation from ITRF2008(WGS84), which is the main
coordinate system in PGO.
8.3 New datum

To create a new datum select ellipsoid in the drop-down menu or type the ellipsoid parameters
manually:

-

& - a X
Select ellipsoid or enter parameters:
WES 84 b

Semi-major axis  |6378137,000 m

InverseFlattening |298 257223563 m

Back Mext

Figure 147 — Datum Selection/Creation

88



Chapter 8. Coordinate systems manager

then type 7 Helmert transformation parameters:

& - O X
WG584 to target coordinate system

Helmert Transformation (7-param. linear)

¥-axis translation
10,000 |

Y-axis translation
lo,000 |

£-axis translation
l0,000 |

K-axis rotation
0 00" 00,00000" |

Y-axis rotation
0 00" 00,00000" |

£-awis rotation
0° 00" 00,00000" |

Scale difference
lo.000 | ppm

Back Mext

Figure 148 — 7 Helmert parameters

Then select the required geoid model or skip this step:

@ - o X
Select a geoid or select a geoid file or skip:
| EGM2008 (Earth) v |
Base on
®) WGS84 (O Current
File [EGM2008 (Earth) |=;

Skip Back Mext

Figure 149 — Geoid model selection
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Select projection type in the drop-down list:

Select projection:

Transverse Mercator W

Back Mext

Figure 150 — Projection type selection

And type projection parameters:

Transverse Mercator
Latitude of Origin
[ 0° 00 00,00000" |

Central Meridian

[E 0° 00 00,00000" |
Scale Factor

lo,000000 |

False Easting
Jo.000 | -

False Merthing
Jo.000 | -

Prime meridian

[E 0° 00 00,00000" |

Back Mext

Figure 151 — Projection parameters

then type the name of the coordinate system to be created.

rot

@
[
O
X

Mame [MNew coordinate system

Back Add

Figure 152 — New coordinate system name

and click Add. The coordinate system will be created and its name will be added to the Favorites
node in the corresponding folder:
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, select

J J Favorites
- |j Cefault
| |j Mew folder

EEE Mew coordinate system

=22 SK-42 / MSK-01 zn. 2 Resp. Adygeya / EGM2008 (Earth)

Figure 153 — Created coordinate system

8.4 Select existing datum

To select an existing datum copy it to the Favorites node as follows:

Click

| GeoMetric Ctrl+G

, type datum name and click Enter:
) GeoMetric - O d
Search by |Name ~ ||ED5C1 | Q %
» |l Continents
» [ Global

[] Custom transformation

Geoid Add Cancel

Figure 154 — Datum name

The window that opens will display a list of coordinate systems that reference this datum:

) GeoMetric — O *
Search by |Name ~ ||ED5C1 | Q %
ZEZEDS0/ UTM zone 37N - 36-42° E A

253 ED50 / UTM zone 38N - 42-48° E

%% EDSO(EDT7) / UTM zone 38N - W of 48° E
252 EDSO(EDT7) / UTM zone 39N - 48-54° E

252 EDSO(EDTY) / UTM zone 40N - 534-60° E
% EDS0(EDT7) / UTM zone 41N - E of 60° E

1 EDSO(EDTT) v

[] Custom transformation

Geoid Add Cancel

Figure 155 — Datum selection
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In this window select a coordinate system with the appropriate name, which is a datum (it is

indicated by the icon W ) and click Add. The datum will be added to the Favorites node.

The added datum will be available when creating a new coordinate system when using the datum

selection mode from the list:

Select

4 yj Favorites
A |j Default
GH WS84
|"j Mew folder

L3 Amersfoort

5 WGESB4(ITRF2014)

Ok

Figure 156 — Datum selection

Select the required datum from the list and click OK.

8.5 Coordinate system options

To access coordinate system options select the coordinate system and click the right mouse

button:
@ Coordinate systems manager
i JEIRR--
A *I Favorites
> |j Default
4 |j Mew folder » ) Default
252 5K-42 / Gauss-Kruger zone 7 - 36-42° E
$325K.42 / MSK-01 zn. 2 Resp. Adygeya / EGN '8 New folder Shift+Ctrl+N
L3 Amersfoort Add coordinate system 4
EDS50
o “E  Properties Ctrl+Enter
== BWADE3(2011) / California zone 3 4 ] ]
3 WGS84(TRF2014) [# Edit Shift+Ctrl+Enter
ml Rename F2
> Cut Ctrl+X
© Copy Ctrl+C
H: Paste Ctrl+V
52 Delete Del
2 Import Ctrl+|
< 2 Export Ctrl+E

Figure 157 — Coordinate system options
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Properties

To get full information about the coordinate system click Properties:

() SK-42 / MSK-01 zn. 2 Resp. Adygeya / EGM2008 (Earth) — O X

Helmert Transformation (7-param. linear) Transverse Mercator GEQID_ADAPTER_COMMOM

X¥-axis translation

Latitude of Crigin

Geoid maodel file

22570 | m  |no oo 0000000° | |egm2008.db3 =]
Y-axis translation Central Meridian PAR_BASE_ON

|-140950 | m  |E40 58 60.00000" | |wese4 |Q
Z-axis translation Scale Factor

|-70.800 | m  [1.000000 | @ =P 3 Forwar

X-axis rotation False Easting

0° 00' 00,00000" | |2300000000 |

Y-axis rotation Flattening

|-0° 00" 00,25000" | |292,200000000 |

Z-axis rotation Prime mendian

|-0° 00’ 00,79000" | [E o oo 0000000 |

Scale difference False Morthing

0220 | ppm  [4511057628 | &

Semi-major axis (source) Semi-major axis

|6272245,000 | m  [5378245000 |

Semi-major axis (target)

|6272137,000 | = ) w222 Forward

Flattening (source)
|28 200000000 |

Flattening (target)
298257223563 |

Prime meridian (source)
|E 0° 00 00,00000" |

Prime meridian (target)
[E 0° 00 00,00000" |

Backward

Figure 158 — Coordinate system properties
Edit

Click this option for editing. In fact, every complete coordinate transformation from

WGS84(ITRF2008) to target coordinate system is chain of consecutive transformations. It causes
following form to edit transformation:
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OdEIHS %

BLH

Helmert Transformation (7-param. linear)

Transverse Mercator

GEQID_ADAPTER_COMMON

Flattening (source)

[292,300000000

Flattening (target)

[298,257223563

Prime meridian (source)

‘E 0° 00" 00,00000"

Prime meridian (target)

‘E 0° 00" 00,00000"

B -

Backward

Latitude [N 0® 00 00,00000" X-axis translation Latitude of Qrigin Geoid model file
) [23570 | m [ o° 00 co,00000" | [eam2008.db3 =]
Longitude [E 0° 00" 00,00000" - - —
Y-axis translation Central Meridian PAR_BASE_ON
Height  [0.0000 | m 140950 | m [E 40° 58" 60,0000 | [wese4 (o}
EPOCH 0,0000 Z-axis translation Scale Factor ) i
[70.200 | @ [1,000000 | B =P B Fow
{2} WGSBA(ITRF2008) hd | X-axis rotation False Easting
[o” 00" 00,00000" | [2300000,000 | &
Y-axis rotation Flattening
[-0° 00" 00,35000" | [292 200000000 |
Z-axis rotation Prime meridian
[-0" 00" 00, 79000" | [E 0 00" 00,00000" |
Scale difference False Northing
0,220 pr 4511057 628 o
Semi-major axis (source) Semi-major axis
[p378245,000 | @ [6378245,000 | &
Semi-major axis (target)
6378137000 | @ 05 w—p 222 Forward

Grid

North  [-4510937,2746 m
East  [-27137522083 m
Height [-17,2252 m

EPOCH |0,0000

|EEE SK-42 / MSK-01 zn. 2 Resp. Adyge: v |

Status bar:

Figure 159 — Edit window

IS)

save transformation

4

save transformation under new name

add transformation

N

insert transformation

xR

delete transformation

Far left panel designed for input/output coordinates in WGS84(ITRF2008). Far right panel designed
for input/ output coordinates in target coordinates system. Each panel in middle represents
consecutive transformation. These middle panels are highlighted by green or red colors depending
on correct/wrong link between output data previous transformation and input data current

transformation.

Validation between transformations is detected by coincidence types of infout data. Check type

using icons on the bottom bar:

& _ECEF ¥ - geodetic

Combined icon X3

- grid

means variant types of coordinates.
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Transformation types could be forward ==%" and backward < and indicated by color of icon
and signature. Selected transformation is highlighted by blue frame.

Next transformations can be added or inserted:

b

£y
=ary
"'Gk"

a1

iy

L

MDL_GEODETIC

Helmert Transformation (7-param. linear)
Projections

Geoid

Localizations

Figure 160 — Transformation types

Allowed projection list, geoid model types and localization types:

Transverse Mercator

Transverse Mercator (South Orientated)

Mercator (1SP)

Oblique Mercator (Hotine Variant B)

Oblique Mercator (Hotine Variant A)

Oblique Mercator (2 points)

Oblique Stereographic

Polar Stereographic (Variant A)

Stereographic Double

Cassini-Soldner

Lambert Conformal Conic 1SP

Lambert Conformal Conic 2SP

Lambert Conformal Conic (West Orientated)

Figure 161 — Projection list

d]  onWG584
gl on selected system

Figure 162 — Geoid model types

s

—  Grid plane and vertical localization

s

—  Grid plane localization

7 Vertical Offset

Figure 163 — Localization types
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After selecting the option on the selected system select the panel that will be used to determine the
geoid height and then click the Accept button. A panel will be added in the Editing Coordinate

System window, in which select a geoid file by clicking = . Ilcon Q
about the reference coordinate system for the selected geoid file. The new geoid file will be copied
to the geoid folder of the PGO program. When a conversion is valid, the panel frame is colored

serves to obtain information

green. Only coordinate systems with valid transformations can be saved. Should be pressed

to save transformation or E
must be unique. When saving an existing coordinate system under a new name, enter it in the Name

to save transformation under a new name. The transformation name

line:

Select n

¥ *I Favorites
| i Default
:EE Warld Mercator

4 [ New folder

252 New coordinate system
=5= SK-42 / Gauss-Kruger zone 7 - 36-42° E
252 SK-42 / MSK-01 zn. 2 Resp. Adygeya / EGM2008 (Earth)

=== MADS3(2011) / California zone 3

Mame Mew name | | Ok Cancel

Figure 164 — New name
Rename

Click an option Rename for input and edit the name:

F *' Favorites
F| l Default
G5 WGS84
1 WGESB4{ECEF)
EEEW-:::rId Mercator
535-63 5t Petersburg Region / 74 10/3/2024 1:27:49 PM

222 MKEA
Figure 165 — Rename
Ccut an option for cut and paste
Copy an option for pasting from buffer
Paste deletes the item after confirmation
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Delete deletes an object after confirmation

Import opens standard Save window. Exchange format is PCS

Export opens standard window for export selected coordinate system as PCS
file

8.6 Coordinate systems backup

Creat

The option is used to create a backup copy of the Favorites item. This helps when installing a new

version of the software or running the software on several PC and is implemented by clicking the
=0

icon — (to create a backup file copy named Param_Year-Month-DayTHours_Minutes_SecondsZ.pcs

in the folder C:\Users\UserName\Documents\ProGeoOffice\CoordinateSystems).

Param_AutoGenBackUp

Param.pcs

Delete L
Param_2024-03-27T17_54_37.360Zpcs
Param_2024-03-27T17_54_40.9607.pcs

Figure 166 — List of backup files
Exchange of coordinates systems

Use right pane of Coordinate systems managerfor coordinate systems exchange:

= .
(&2 Coordinate systems manager

s

4 *i Favorites Project
> ' Default 40 Project
4 ([ Mew folder 4 [ Default
252 New coordinate system € WGssd
SK-42 / Gauss-Kruger zone 7 - 36-42° E <::| S WGSS4(ECER
555 5K-42 / MSK-01 zn. 2 Resp. Adygeya / EGM200E 252 World Mercator
@) Amersfoort #£5 NADB3(2011) / California zone 3
ED0 o ‘:D 252 5K-42 / Gauss-Kruger zone 7 - 36-42° E
saa MADS3(2011) / California zone 3
7 WGSE4(ITRF2014)
< >

Figure 167 — Coordinate systems exchange

Use : and : buttons to copy coordinate systems from program database to a project
vice versa. This makes it convenient to store frequently used coordinate systems and quickly and
conveniently exchange coordinate systems between projects.
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CHAPTER 9. REFERENCE POINTS

Reference points are point objects which represents a catalog of postulated coordinates. Raw data
post-processing deals vector components in XYZ. To get shooting point position in some
coordinate system we need first of all at least one reference point in this coordinate system. Set
base receiver above reference point, set rover receiver above survey point in the field. Getting raw
data from both, snap the beginning of processed vector to reference point and adjust. After post-
processing and network adjustment, the coordinates of network points are obtained in the

coordinate system of reference/origin points.

Click

T

o, Parameters

Language g
Coordinate systems
Reference points

Antennas

Cameras

Figure 168 — Reference points

to open Reference points manager window:

toolbar button or Program and Reference points in the main menu:

o .
%2 Reference points manager

B2

4 W Favorites
4 (WFinal

£ BALB
£ DMDV
€3 LAVH
£ NGNK
€3 NRFM
£ RAMN
£ SFRN
£ SHEH
£ VORN
€ ZLNG

€5 AntAl

Edit  Project

Name |EALB

NE

|- WGSB4(ECER)

~|@ Q

Sigma

o 4

Main  Velocity

Save

OK Cancel

oo ] m
‘oo ]

Z |0,0000 m

Type |Plane and vertical |

Cancel
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Chapter 9. Reference points

Toolbar items:

%‘] create a new folder in the Favorites node

&

create a new reference point

- |

|"=';':| create a backup file
= .
— restore backup file

9.1 Left panel

The root element is the Favorites folder, which can contain several subfolders. To access the object
menu, select an object (node, folder or item name) and click the right mouse button:

I *' Favorites

4 ([JFinal
il Mew folder Shift=Ctrl+M
&l
€50 % Newreference point  Ctrl+N
L
g N M1 Rename F2
&N < Cut Ctrl+X
QRO Copy Ctrl+C
g 51 1__"‘ Paste Cirl+V
sl
22 Delete Del
G
71 2 Import Ctrl+|
& Anth 2 Export Ctri+E

Figure 170 — Menu for left panels objects

New folder

create a new folder

New reference point

create a new reference point

Rename rename a reference point

Cut cut out an object

Copy copy an object

Paste paste copied or cut

Delete delete an object

Import import of reference points from files prp, csv, txt formats:
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PRP files (*.prp) W

Coordinate files (*.cov, * het)

Export export of reference points to files prp, csv, txt formats

When importing/exporting from files csv and txt formats, select the coordinate system in the list
presented in the Favorites node of the coordinate system editor, since the name of the coordinate
system is not saved in files of these formats, and select or create an input/output template.

9.2 Right panel

The panel contains two tabs:
¢ Edit - BBOO, O6HOBNEHME CBOMCTB ONMOPHOro MyHKTa
® Project - repository of programs and projects for exchanging reference points

Ediit

Edit  Project

Name [BALB |
XVZ
X 2928242 5280 | m
v 2179312,9264 | m
z 52130530791 | m
EPOCH  [0,0000 |
|+ WGSBA(ECEF) v Q
Sigma Type | Plane and vertical v

X 10,0000 m
¥ 10,0000 m

Z 10,0000 m

Main  VMelocity

Save Cancel

Figure 171 — Edit tab
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The panel is active only when the item in the left panel is selected. In the drop-down list select a
coordinate system for the coordinates of the point:

=i SK-42 / MSK-02 zn. 2 Resp. Bashkortostar v

-+ WGSB4{ECER)
SK-42 / M5K-02 zn. 2 Resp. Bashkortostan / |
SK-42 / MSK-01 zn. 2 Resp. Adygeya / EGM2
SK-42 / Gauss-Kruger zone 7 - 36-42° E

MADSE3(2011) / California zone 3

Figure 172 — Coordinate system selection

I
Click to add coordinate system from Favorities node of Coordinate Systema Manager to the

Q

coordinate systems list, click

to get coordinate system properties:

X-axis translation

Helmert Transformation (7-param. linear)

:_Z' SK-42 f MSK-02 zn. 2 Resp. Bashkortostan / EGM2008 (Earth)

Transverse Mercator

Latitude of Origin

- O X

GEQID_ADAPTER_COMMON

Geoid model file

Flattening (source)

[298,300000000

Flattening (target)

[208,257223563

Prime meridian (source)

|E 07 00" 00,00000"

Prime meridian (target)

|E 07 00" 00,00000"

JE5 wele J5Y Backward

[23.570 | m [N oo o000000" | [egm2008.db2 =]
Y-axis translation Central Meridian PAR_BASE_ON

[-140950 | m  |Ese 01 60,00000 | |weses IQ
Z-axis translation Scale Factor

[-79,300 | m  [1.000000 | G =P E Forvan

X-axis rotaticn False Easting

|o- 00 00,00000" | [2300000,000 | &

Y-axis rotation Flattening

|-0° 00 00,35000" | [238300000000 |

Z-axis rotation Prime meridian

|-0° 00" 00,79000" | [£0° o0 00,00000" |

Scale difference False Merthing

[-0.220 | pom  |-5409414700 | m

Semi-major axis (source) Semi-major axis

|6378245,000 | m  [s378245,000 | &

Semi-major axis (target)

[6372137,000 | m @ = & Forward

Figure 173 — Coordinate system properties

If necessary, it is also possible to enter the epoch value for coordinates and coordinates velocities.

Time-dependent coordinate systems use predefined rates (e.g. HTTP conversion). In this case type

the velocities values:

101



Chapter 9. Reference points

EPOCH  [0,0000 |
255 SK-42 / MSK-02 zn, 2 Resp. Bashkortostar | Q
[ Velocity

N |0,0000 | msyear
E |00000 | miyear
U |o,0000 | msyear
Main  Velocity

Figure 174 — Epoch and velocities

9.3 Project

(& Reference points manager - O *

i IEE

4 (B Favorites Edit  Project

4 |jFinaI 4l Project
€ BALB & DMDV
€ omov £ NGNK
& LAVH & NRFM
& NGNK <3 £ RAMN
g NRFM € SFRN
RAMN
& SFRN E>
€3 SHEH
&3 VORN
& 7LNG
& AntAl
OK Cancel

Figure 175 — Exchange reference points

The Project tab is intended to exchange entire folders and individual reference points between the

program and project databases. Buttons : and :D are used to copy folders and items.
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CHAPTER 10. LOCALIZATION

To convert the coordinates obtained by the satellite data (GNSS) processing from WGS-84 to a
local coordinate system, it is important to have:

¢ Reference coordinates in local coordinate system.

¢ Coordinate transformations which connect this coordinate system with WGS-84.

The order, in which coordinates are calculated, is shown on the following chart:

XY&H,

XY&H, local

XYZ, BLH,

geocentric geodetic coordinate

system

XYZ, WGS 84

cartographic
projection

Figure 176 — Transformation steps

Transformation of geocentric coordinate systems is performed by the formula of 7 parametric
Helmert transforms (Amendment 2 to RTCM STANDARD 10403.1):

Xr ax Xs
Yr=1|dY|+ M X R x |Ys (10.1)
ZT adz ZS

where (Xs, Ys, Zs) and (X7, Y7, Z7) are WGS-84 geocentric coordinates and reference coordinate
system accordingly (S - Source, T - Target)

aX, dY, dZ are translations along the axes (X, Y, 2)

M s the scale factor, M = (7 + dSx 109).

The size of dS is indicated in the list of datum Justin parameters in ppm, which means parts per
millionths (7 ppom = 1x10-6).

In rotation matrix R = R,, X Ry X R, where

cosR; sinR; O cosR, 0 —sinR, 1 0 0
Ry=[—sinR; cosR, 0‘ , Ry=[ 0 1 0 ] ;Rz=[0  cosR; sinR; (10.2)
0 0 1 sinR, 0 cosR, 0 —sinR; cosR;

where R, R,, R; are angles between axes of source and target coordinate systems. Axes are
counted in the clockwise direction.
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The formula of inverse transformation:

Xs AT dX
Yol =—||Yr|—|dY (10.3)
Zs Zr dzZ

The Helmert transformation is a similarity transform in which the scale factor is the same for each
coordinate. Combination of 7 parameters for transformation (aX, @V, dZ, aS, R, Rz, A3 and ellipsoid
is called datum. In the list of Justin datums the signs of parameters correspond to the transition
from WGS-84 to the reference system.

Example. dX = +10 meTpoB. XR = XWGS 84 + 10.

Calculation of geodetic coordinates (B - latitude, L - longitude, H - height) with the use of geocentric
coordinates (item 2 of the transformation scheme) is performed by iterations using the formulas:

2 : 2 2
tanl =~ ... tanB = ——  £2XXSMB | g =Y N (10.4)
X VX24Yy2 VXx24y?2 cos B

where
Nis the radius of curvature of the first vertical;
& is the square of the first eccentricity of the ellipsoid.

The reverse transition to rectangular coordinates X, Y, Zfrom geodetic coordinates (stage 2 of the
transformation scheme) B, L, His described by the formulas:

X=(N+H)XcosB XcosL

L=(N+H)XcosB XsinL

Z=(N+H-e*xN)XsinB (10.5)
where
eis eccentricity;
Nis the radius of curvature of the first vertical.

To calculate geodetic coordinates, there is need to specify an ellipsoid — semi-major axis and
eccentricity.

The transformation of geodetic coordinates B, L into rectangular coordinates on a plane is
performed based on the type and parameters of the map projection. The transition from Hgeoa,
geodetic (ellipsoidal) height, which is measured along the normal to the ellipsoid, to Hortho
orthometric height is performed by the formula:

Hgeod = Hortho + C (10.6)

where C is the height of the geoid above the ellipsoid.
Geoid heights are determined from geodetic coordinates based on a geoid model that is defined
relative to the same ellipsoid for which the geodetic height is calculated.
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Stage 4 of the transformation scheme is performed between two rectangular coordinate systems
specified on the plane. Finding the parameters of such a transformation in geodesy is usually called
localization or calibration.

Planned transformation formulas are similar to (10.1):

]g;] - [‘;’g +M X R X [gﬂ (10.7)
where
_ [cgs a —sin a]
sina  cosa

The formulas are:
Ny =dN + M X (Ng X cosa — Es X sina)
Er =dE + M X (Ng X sina + Eg X cos @) (10.8)
where dN, dE are offsets along the coordinate axes.;
Ns, Es, N7, Erare Northing and Easting rectangular coordinates on a plane;
a is the turning angle, counted clockwise;

M s the scale factor.
The formula for inverse transformation for coordinates on a plane:

Ng|_r~'|[Nr dN
ES]-VHET] - [dE]l (10.9)
The formula of altitude transformation:
HT= Hs+dH+aNXN5+aEXES (1010)

where Hsis height in the original coordinate system,
dH s height increment,
av, ae are slope angles along the Northing, Easting axes.

The determination of the transformation parameters of coordinate systems on the plane is
performed by the ordinary least mean squares method (LMS) by comparing the resulting
transformation chain 1 - 4 and the original (from the catalog) coordinates of the points.

The parameters of the horizontal and vertical transformation are calculated independently. The
minimum number of points required for calculation is two points for plane localization and three
points for vertical localization.

Local datum includes 4 parameters of plane transformation plus 3 parameters of vertical
transformation. Sometimes, this set of parameters is called 4+3 datum. This highlights the
difference between it and datum with 7 parameters, which is used for calculation of geocentric
coordinates transformations.

The calculation of the transformation parameters of rectangular coordinate systems on a plane and
vertical coordinate systems is performed in the Localization window.
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To activate this window, select the main menu item Program, then Coordinate systems (or click the

icon). In the opened window click the icon and choose Localization:

‘J GeoMetric Ctrl+G
™ New Ctrl+N
=%+ Local Datum  Ctrl+D
= Localization Ctri+L
'§ Default

Figure 177 — Localization

The main elements of the Localization window are the bar of icons, the settings panel and the
coordinate entry table:

@ Localization

— O X
= =0 =0 £ A
BElee|Xo |QIBE=X
Network coordinate system D ‘:\" Transformation type Confidence level
Select projection: |Db|ique Stereographic V| Lp [] Adjust Central Meridian Interval [0 00' 10,00000"
Network Reference Residuals

RecNo Enable Type Mame Latitude Longitude Morth, m East, m X,m ¥, m EV

1 & Point

2 & Point 1

3 & Point 2

4 & Point 3

5 & Point 4

Figure 178 — Localization window

10.1 lcon bar

The bar of icons functionally corresponds to all localization commands:

REles|Xo (@ BDEDX

Figure 179 — The icon bar

i[

save new localization

save localization as...

w &

import the following objects:
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2|5 o

Import
Sites

SR

Reference points

Import - import coordinate files (csv, txt) and saved localizations (pl):

Coordinate files (*.csv, *.txt)

Coordinate files (*.cov, *.tut)
PL files (*.pl)

Sites - import point coordinates for any point type from the current project:

@ Select reference poitns *

A a,jSl'tes
@ RAMMN_2023 11_23 12_00.00_1
BALE_2023_11_23_12_00_00_1
WGMNK_2023_11_23_12_00_00_1
SHEH_2023_11_23_12_00_00_1
@ ZLNG_2023_11_23_12_00_00_1

DMDV_2023_11_23 12 00_001
WRFM_2023_11_23_12_00_00_1
VORN_2023_11_23_12_00_00_1
r SFRN_2023_11_23_12_00_00_1

LAVH_2023_11_23_12_00_001

oK Cancel

Figure 180 — Import site coordinates

Reference points - import reference points coordinates

export of coordinate files (csv,txt) and localizations files (PL)

ps

activate / deactivate a bookmark, which contains a list of calculated parameters
of horizontal and vertical transformations

add columns to enter estimates of the accuracy of the coordinates of points

perform localization calculation

add a new row to the end of the table

7 @ S e

add a new row to the table before the selected one

remove selected row from table

x| 0

delete all rows in table
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Select from a list or create an input template when importing coordinate file:

(&) Select import template X
Temnplate Caolumns Mame Latitude® Latitude,' Latitude," Lengit
1 Column  Value 1516 56 10 3424673 40
~
. 0 Name 2168 56 7 9.979511 40
5 1 Latitude® 2199 56 10 22.021424 40
4 2 Latitude, 25810 56 5 14.88016 40
3 Latitude,” 9305 56 7 25818161 40
4 Lengitude® 3274 56 7 2.600667 40
5 Lengitude, v||3013 56 10 26.503627 40
g *1 I|a316 56 1 1.692219 40
[Fadd 22 Delete [+ add JInsert 3% Delete 4741 56 10 31675102 40
Separator I:I Space [ 7ab Decimal Separator I:I
Combine lines [[1 Ignore empty [] Column names [ | Delete quotes
Encoding |UTFE  ~ < B
OK Cancel

Figure 181 — Template for coordinates importing

B &

folder in the Favorites node of the Coordinate System Ediitor.

To save the localization in the program database click and select or create a new

Select n

] *' Favorites
[} Default
4 [ New folder
= Local-1

MName |Lc:ca|-1 | Ck Cancel

Figure 182 — Save localization

The localization file stores not only the conversion parameters, but also all table data, including if
no processing was performed and the parameters were not received.

10.2 Main window

Data table

The data table is used to display the coordinates of points and to estimate the accuracy of the
transformation calculation. Accuracy estimation is based on residuals. It depends both on the
coordinate quality of the satellite network points and the mutual consistency of the reference points,
and on the reliability of the user-specified projection parameters of the local coordinate system of
the Reference. The columns of the table are combined into blocks - Network, Reference, Residuals.
The Network block contains coordinates of points in the selected coordinate system. As a rule,
these are the coordinates of points obtained from adjusting of the free GNSS network. Reference
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block -

coordinates of points in the local rectangular coordinate system on the plane. The residuals

obtained from adjustment are shown in the right part of the table:

:q:;' Localization - [m] et
e g (X0 B BHE=X

Network coordinate system D ‘:\‘ Transformation type Confidence level W

Select projection: |DbliqueStereograph|'c V| L/ [] Adjust Central Meridian Interval

Metwork Reference Residuals

RecMo

Enakle Type MName Latitude Loangitude Morth, m East, m X m ¥, m EV
& 1516 M 58° 10" 34,24673" E 40° 29' 5645884"  196784,7730 2272469860 -0,7629  -14947 1,6782

<

>

Figure 183 — Table blocks

In the input window, each line contains information about one item and contains the following

columns:
RecNo line number in order
Enable the selected check-box means that the coordinates of the point will be
used when calculating the parameters. Otherwise, the point is excluded
from the calculation process. In this case, the corresponding row in the
table is shaded, residuals are not calculated.
Type sets the type of transformations in which a specific item can be used:

@ Plane and wvertical

E] Plane

@ Height

Figure 184 — Transformation types

It is possible to set one of three types of typing to control points:

Plane and vertical. The coordinates of the points will be used to calculate the parameters
for the horizontal transformation (Latitude / Longitude or North / East) and the vertical
transformation (Height)

Plane. The coordinates of the points will be used to calculate the parameters for the
horizontal transformation (Latitude / Longitude or North / East)

Height. The coordinates of the points will be used to calculate the parameters of the vertical
transformation (Height) (BeicoTa).

Name

item name

Latitude, Longitude, (Height - if  coordinates of points in the reference coordinate system.
parameters for vertical Depending on the type of coordinates which were entered
transformation are also into these columns (ellipsoidal or rectangular on a plane),
calculated) from the Network there may be options BLH or North / East)

block

109



Chapter 10. Localization

North, East, (Height - if from the Reference block - coordinates of points in the local
parameters for height  coordinate system

transformation are also

calculated)

X(M) Y(M) Z(M) EV in Residuals residuals of points of the coordinates by the corresponding
block component and residuals by radius vector

10.3 Working with input fields in a table

For greater clarity and convenience of work, the table uses color highlighting of fields. The
coordinate columns of points in the original coordinate system are highlighted in green. The fields
of the residual columns (except for the V column) are highlighted in red before the parameters are
calculated. After calculating the parameters, the fields of these columns can be marked in green if
the corresponding corrections to the measurements meet the criteria for the t-test (tau test), or in
red if the test is not passed. During the t-test, the correspondence of corrections to the coordinates
of points to the estimate of their accuracy obtained from the adjustment is analyzed. Therefore,
sometimes, even relatively small corrections can be marked as not passed the t-test. In addition to
the t-test, it is important to pay attention to the magnitude of the residuals, while evaluating the
results of localization. If the item is excluded from the calculations (the check-box in the Enable
column is unchecked), the color of the corresponding line changes to pale green. Fields for the
value of the corresponding residuals will be empty and will be highlighted in white. To edit the type,
names, coordinates of points directly in the table, double-click the corresponding field with the left
mouse button. To save the editor in the text information input columns, press Enfer, or by pressing
the left mouse button, move the cursor from the edited field. Empty fields in the Height column are
not highlighted in another color. The height value for this item will not be considered when
calculating the altitude transformation parameters. The corresponding field in the residual columns
is highlighted in the line by white color:

& Localization - ] X
g = £

BE g8 |Xo |QIDE=R

Network coordinate system ] #E  Transformation type [ Plane and vertical v | Confidence level

Select projection: | Oblique Stereographic | [#7 [ Adjust Central Meridian Interval (0% 00' 10,00000"

Metwork Reference Residuals

RecNo Enable Type Name  Latitude Longitude Height, m North, m East, m Height, m X, m ¥, m Zm EV
1 & 1516 N 567 10°34,24673° E40° 29' 56,45884" 156,6018 1967847730 2272459860 46,7420 07629 -14947 00026 16782
2 E] 2168 N 56° 07" 09,97951"  E40° 21' 5581245" 183,8241 190295,4070 219080,6280 -07435  -0,6942 1,0187
3 & 2191 N 567 10° 22,02142"  E 407 24' 44,88099" 131,3607 196293,2460 221878,8550 21,5036 -02648 04474 0,0072 0,5199
4 & 2810 N 56706 14,88016" E40° 26 07,47931" 113,2061 1836795640 2234633840 33402 -05087 1,767  -00014 12819
5 & 9305 N 56° 07" 2581816  E40° 20' 31,59931" 151,2806 190756,6630 217616,2070 41,4284 -04104  -1.23700 0,0051 14301
6 & 3274 N 56" 07 02,60067° E40°30' 27,61103" 1654656 1902512770 2279274280 55,6004 18308 06508 -00029 19432
7 & 3913 N 567107 2650563° E40° 23' 20,76767" 184,0758 1964024400 2204259350 74,2039 01298 06677 -00073 05803
8 E] 4318 N56° 11°01,69222"  E 40° 26' 56,77807" 1853311 197567,3030 2241295760 -10734 00447 10763
g & 4741 N56°10°3167510° E40° 19’ 5542575 86,9369 1964924220  215880,3480 77,1284 18068 05717  -00033 18952

Figure 185 — Data in the Height column

When coordinates are entered in the table in the columns of the Metwork block and there is no value
of any plane coordinate (deleted from the table by the operator, omitted in the imported file), then
the input line is not taken into account in the calculation (sites 2810, 3913). The result will be similar
to deleting item information from the table or unchecking the check-box in the Enable column). The
residuals of the row will be zero, and their fields in the table are highlighted in white:
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& Localization — m} X
= g = £

H 22| Xo

Network coordinate system O & Transformation type | Plane and vertical ~ | Confidence level

Select projection: | Oblique Stereographic v [__JJ [ Adjust Central Meridian Interval |0° 00' 10,00000"

Network Reference Residuals

RecNo Enable Type Name  Latitude Longitude Height, m North, m East, m Height, m X, m Y, m Zm v
1 @ 1516 N 567 10 34,24673"  E40° 29' 56,45884" 156,6018 196784,7730 2272469860 46,7420 -0,6632 -1,1919 0,0009 13640
2 E] 2168 N 56° 07 09,97951"  E 407 21' 55,81245" 183,8241 100295 4070 2190806280 -09299  -04103 10164
3 & 2181 N 56° 10° 2202142  E40° 24' 44,82099" 131,3607 196293 2480 2218798530 21,5036 -0,2827 06616 0,0050 07194
4 @ 2810 N 567 06" 14,88016" 113,2061 188679,6640 223463 8840 3,3402
5 & 9305 N 56° 07" 25,81816"  E 407 20" 31,59931" 151,2896 190756,6690 217616,2070 41,4294 -06159 -1,1221 0,0035 12800
6 & 3274 N 56° 07" 02,60067"  E40° 30" 27,61103" 165,4656 190251,2770 227927 4280 55,6004 18243 1,0081 -0,0033 2,1293
7 @ 3913 E 407 23' 20,76767" 184,0758 196402 4400 2204259350 74,2039
8 E] 4316 N 56° 11°01,69222®  E 40° 26' 56,77807" 1853311 1975673030 2241295760 -1,0244 02745 1,0605
9 & 411 N 567 10° 3167510  E40° 19' 55,42575" 186,9969 196402,4220 2168803480 77,1284 1,6917 0,6002 -0,0061 1821

Figure 186 — Missing data in the fields

When changing the type of a point, those coordinates that do not belong to this type are excluded
from the calculations. The fields in the Residuals columns are highlighted in white. For example,
site 4316 does not use elevation, and site 9305 does not use plane coordinates:

Localization - [m] X
=0 = £
degg|Xo @ BHE=%
Network coordinate system ] & Transformation type | Planc and vertical v |  Confidence level |99%
Select projection: | Oblique Stereographic v L,J [ Adjust Central Meridian Interval |0° 00' 10,00000"
Metwork Reference Residuals

Recho Enable Type Mame  Latitude Longitude Height, m North, m East, m Height, m ¥ m Y.m Zm EV
1 & 1516 N 36° 10" 3424673  E40° 29' 56,45884" 156,6018 196784,7720 227246,9860 46,7420 -07608  -14387 00026 16274
2 E] 2168 N 56° 07" 09,97951"  E40° 21' 55,81245" 1838241 190295,4070 219080,6280 -09102  -1,0622 13089
3 & 2191 N 367 10°22,02142"  E40° 24' 44,83099" 1312607 196293,2460 221879,8550 21,3026 -02147 02729 0,0072 03472
4 & 2810 N 56° 06" 1488016  E40° 26' 07.47931" 113,2061 188679,6640 223463,8840 33402 -07969 09711 -0,0014 12562
5 @ 9305 N 356" 07" 2581816" E40° 20' 31,59931" 151,2896 190756,6690 217616,2070 41,4294 0,0051 0,0051
6 & 3274 N 56° 07" 02,60067"  E40° 30' 27,61103" 165,4656 190251,2770 2279274280 55,6004 1,5513 06518 -0,0029 16827
7 & 3913 N 56° 10" 26,50563"  E40° 23' 20,76767" 184,0758 1964024400 2204259350 74,2039 0,2030 04339 -0,0073 04791
8 E] 4316 N56° 11" 0169222 E40° 26' 56,77807" 1853311 197567,3030 2241295760 -10008 -00195 10010
9 & 4741 N56°10° 3167510 E40° 19' 5542575" 186,9969 1964924220 216880,3480 77,1284 19291 0,1908 -0,0033 19385

Figure 187 — Transformation types

Similar rules apply to coordinate columns of the Reference block.
Fields in which coordinates are not entered (for all columns) remain empty, and the following fields
of this item also remain empty:

Localization - [m] X
=0 =0 £
BEl22|Xo |8 BHE=8
Network coordinate system ] & Transformation type | Planc and vertical v |  Confidence level |99%
Select projection: | Oblique Stereographic v L,J [ Adjust Central Meridian Interval |0° 00' 10,00000"
Metwork Reference Residuals
Recho Enable Type Mame  Latitude Longitude Height, m North, m East, m Height, m ¥ m Y.m Zm EV
1 & 1516 M 567 10° 34.24673"  E40° 29' 56,45884" 156,6018 196784,7730 227246,9860 46,7420 00294  -00377 00000 0,0478
2 O & 2168
3 & 2191 N 367 10°22,02142"  E40° 24' 44,83099" 1312607 196293,2460 221879,8550 21,3026 -0,1594  0,1571 0,0000 02238
4 O & 2810 N 56° 06" 14,88016%
5 O & 9305 N 356" 07" 2581816" E40° 20' 31,59931" 151,2896 190756,6690 217616,2070 41,4294
6 O & 3274 N 56° 07" 02,60067"  E40° 30' 27,61103"
7 & 3913 N 56° 10" 26,50563"  E40° 23' 20,76767" 184,0758 1964024400 2204259350 74,2039 01301 -0,1134  0.0000 01766
8 O & 4316 N56° 11" 0169222 E40° 26' 56,77807" 1853311 197567,3030
9 O & 474 N56° 10" 3167510°  E40° 19' 55,42575" 186,9969 196492,4220 216880,3480 771284

Figure 188 — Missing data
10.4 Localization window tabs

In addition to the coordinate table, a tab can be activated in the window, in which four parameters
of the plane transformation (if calculated) and three parameters of the vertical transformation (if
calculated) are displayed:
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Grid plane and vertical localization

Maorthing offset

|-3004159,771 |
Easting offset

|-3819543 345 |
Rotation

|20° 57 42,85082" |

Scale difference

[-288772,330 | =
Vertical Offset
136,181 |

Marth inclination
-0° 00" 08 6o752" |

East inclination
0° 00" 04,17251" |

RMS  [0,2044 |

[v2] [o,0835 |

Figure 189 — Transformation parameters

Also, the sum of the squares of the residuals (by the radius vector, the Input table section, the
description of the Residuals column) and the mean square error.

10.5 Settings panel

The settings panel is designed to select various settings and parameters when calculating
localization parameters:

MNetwork coordinate system D i\‘ Transformation type | Plane and vertical v| Confidence level |99% «
Select projection: |Dblique Sterecgraphic V| LJ;;’? [ Adjust Central Meridian Interval 0° 00' 10,00000"

Figure 190 — Settings panel

10.6 Network coordinate system

The Network coordinates drop-down list is used to define the type of coordinate system for the
coordinates that will be imported into the Metwork block:

Metwork coordinate system | BLH +

A
ELH

Figure 191 — Network coordinate system type
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These can be ellipsoidal (BLH) coordinates (set by default), or rectangular coordinates on a plane
(GRID). Depending on the selected type of coordinate system, the table view is configured, settings
for the coordinate input template are selected (section Importing coordinates into a table).

Since the main purpose of the localization module is to tie the coordinates of global satellite
navigation systems - WGS-84, obtained as a result of processing/post-processing by the PGO
program - to ground points, then, mainly, the coordinates of the network essentially denote the
coordinates of WGS-84. In this case, the BLH/Grid switch only affects the external representation
of coordinates since the internal representation of the data in the PGO database is WGS-84.

The situation is different when importing grid coordinates from a file, in which coordinates can be
specified in any form. Setting the switch allows you to correctly identify the original data, that is,
convert it to the internal representation of the WGS-84 program. The list of coordinate systems
offered for selection corresponds to the list available when choosing Program-Coordinate systems
from the main PGO menu.

The reference coordinate system is characterized by a map projection and a global (spatial) 7-
parameter datum. The purpose of localization is to calculate the parameters of the local datum
required for transformations of coordinates specified on the plane.

The local datum is used in the PGO program in addition to the global one, but its calculation may
be of interest for use in independent coordinate transformation programs. The parameters of the
map projection are not subject to calculation (except for the value of the axial meridian, for those
projections where it is available).

The accuracy of the conversion to local coordinates depends on the accuracy of the initial definition
of the coordinate system of the reference. The dependence of the accuracy of transformations on
the parameters of the global datum is relatively small. In most cases, the main source of calculation
errors is the inaccuracy of the choice of the central meridian. Distortions in the coordinates of the
item increase with distance from it. Therefore, the parameters of the cartographic projection of a
predefined coordinate system of the reference should be as accurate as possible correspond to
the real, which are not always known. It is possible to recommend the selection of parameters and
type of cartographic projection of the reference to achieve the best result.

If nothing is known about the type and parameters of the cartographic projection of the reference
coordinate system, then in the drop-down list of coordinate systems you should select Oblique
Stereographic, which is equivalent to choosing a stereographic projection with a central point
calculated as the average between their maximum and minimum values of latitudes and longitudes
for points of the Network block, zero shifts along the axes and unit scale.

10.7 Transformation type

The Transformation drop-down list is used to define a set of calculated parameters: Plane (set by
default) - 4 parameters:

Transformation type | Plane b

Plane

Height

Plane and vertical
Shifts only

Figure 192 — Transformation type
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of the horizontal transformation are calculated, Height - three parameters of the vertical
transformation, Plane + Height - four parameters of the horizontal and three parameters of the
vertical transformation, Offsets only - 2 parameters of the horizontal transformation (shifts along the
North and East axes). In this case, the roll angle is 0, the scale is 1.

10.8 Auto select central meridian

The Autoselect CM check-box is designed to select the central meridian when calculating
transformation parameters:

Adjust Central Meridian

Figure 193 — The Autoselect CM check-box

If the check-box is not selected, the coordinates of the grid points are converted to the reference
coordinate system using the preset value of the central meridian, specified by the map projection
in the projection list of coordinate systems. If the check-box is checked, the meridian is
automatically selected for the six-degree zone with the boundaries shifted by 3 degrees to the left
and right relative to the average longitude of the points of the Network block. The calculation is
performed in a cycle with a longitude step equal to the entered value in the /nferva/ window (the
preset step value is 10 seconds). The criterion is the estimate of the sum of the squares of the
residuals. The value of this sum is reflected in line /2] of the tab with the list of calculated
parameters. The value of the central meridian, for which the transformation parameters were

-

obtained, can be viewed by clicking the button ' on the settings panel:

Obligque Sterecgraphic
Latitude of Origin
M O™ 00" 0000000

Central Meridian
E 0 00" 00,00000"

False Morthing

0,000 m
False Easting
lo,000 | m
Scale Factor
l1,000000 |

Prime merndian

[0 00 0000000 |

Figure 194 — Plane system parameters for translation into the reference coordinate system
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The values of these parameters are updated after each calculation of localization with the Aufo-
select CM check-box checked or at any time can be changed manually in this window. If the
Autoselect CM check-box is not selected, the values of these parameters are entered only manually
and do not change during the calculation. In the course of calculations, the longitude step, the value
of the current central meridian for which the calculations are being performed, the value of the
central meridian for which the best estimate of the localization accuracy has been obtained at the
moment and the sum of the residual squares are displayed in the Progress window with a progress
bar with the Auto-select CM check-box selected:

Interval = 0° 00" 10,00000". Current central meridian = 40° 19" 41 52649"

Cancel

Figure 195 — Progress window

10.9 Progress window

Confidence intervals are set to searching blunders with t-test:

Confidence level | 993 -

99%
95%
67%

Figure 196 — Choosing a Confidence level

The 95% confidence level corresponds to a narrower confidence interval, that is, the criterion for
passing the test will be more stringent. 99% confidence level corresponds more wide error interval.

10.10 Import/export of point coordinates
=0
To import point coordinates, click == on the icon bar of the Localization window.

Import is carried out through a standard dialog from text files of arbitrary format with the extension
csv, txt and files previously saved using a template with the extension PL.

>

To export point coordinates click . Export is carried out in files of the same formats as import.
When importing/exporting files of arbitrary format, you should create a coordinate input/output
template. The difference between the template creation windows for import and export is that
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during import, the template creation window has an additional panel that shows the contents of the
imported file, during export this panel is absent.

After creating a template and clicking OK, the coordinates of the points will be imported into the
table in accordance with the created template. The set of template fields depends on the type of
imported or exported coordinates (XYZ/BLH/Grid). When importing/exporting files with the PL
extension created using a standard template, creating or selecting a template is not required.

10.11 Save localization

To save the localization click:

E-]] save current localization

Edj save current localization as a new one

To avoid data loss select a unique name for the new saved localization. The saved localization file
contains not only the transformation parameters, but also a table of coordinates from which these
parameters were obtained. Save a coordinate table in a localization file without calculating
transformation parameters. In this case, all parameters in the file will be equal to zero. All
localizations are stored in the Favorites node of the Coordinate Systems Manager.
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CHAPTER 11. ANTENNA EDITOR

=

Click toolbar button or Program and Antennas in the main menu:

@Program I: Help

| Parameters

Language >
Coordinate systems

&7 Reference points

&5 Antennas

¥ Cameras

Figure 197 — Antennas item

to open Antennas window:

&2 Antennas — O X
BR2e 60 B
Search by |:|2@ Model [IAvTRIUMPH 1M NONE | | ces  clomass
il Progress Alizses [JAVTRIUMPH_IM NONE v | $g L1 | 12(602)
» [l Cthers AU 0% 5. 100 15%. 20%. 25%. 30 35°. A0%. 5. SO%.. 55°.. 60°. 65 7
4 ifuser Manufacture. AVAD GNSS | Noazimut 000 007 024 033 020 -024 -093 -1,69 -228 -252 -236 -191 -1,39 -09:"
(5 AVTRIUMPH_TM Clone Description o 000 014 034 043 026 -022 -093 -168 -223 -246 -238 -214 -194 -1
7 USERANTENNA 5 000 014 035 044 028 -020 -091 -166 -221 -243 -233 -207 184 173
3 USERANTENNA_1
S USERANTENNA 2 10 000 015 036 046 030 -018 -089 -164 -2,18 -238 -225 -194 -166 -1,5:
4 ([Bast used Ko s ) 15° 000 015 037 047 032 016 -D87 -161 2,14 -231 213 -177 -143 1.2
JAVTRIUMPH_TM NONE 200 000 016 038 049 034 013 -084 -158 -2,00 -223 -201 -158 -117 08¢
(5 B4t | mm |5 000 016 038 051 037 010 -081 -155 -205 -216 -188 -139 091 05
GPS | GLONASS 9300 000 016 039 052 039 007 078 -152 201 -210 177 -122 067 02
Frequency Notth,.. Esst,..  Up, mm 35 000 016 040 054 042 -004 -075 -148 -198 -205 -169 -109 -049 -00¢
L1 (G0 126 145 9106 100 000 016 040 055 044 001 -072 -146 -196 -203 -166 -102 038 00
12 602) 264 186 9098 45° 000 016 041 057 046 002 -068 -143 -1,95 -203 -166 -102 -036 00
s0° 000 016 041 058 049 006 -064 -140 -195 -206 -172 -109 044 00
55 000 016 041 038 051 009 -061 -138 -1,95 -212 -182 -122 -05¢ 015
60 000 016 041 059 052 011 -058 -136 -1,97 -219 -195 -141 082 -0
65 000 016 041 039 053 013 -056 -135 -2,00 -227 -211 -16 -110 07
70 000 016 040 059 053 015 -054 -135 -203 -236 -227 -187 -140 -1,1:
75° 000 015 040 058 053 015 -054 -135 2,06 -244 -243 210 170 -141,
< > < >

Figure 198 — Antennas window

The panel is divided into 3 panels. The left panel contains 3 antennas items:
e Other - antennas from other manufacturers, grouped by company name
e User - antennas added by the user
o last used - antennas used in the program

The central panel contains the name, description and parameters of the antenna selected in the
lists and is used to edit the antenna parameters and the table of antenna phase center variations
for antennas in the User list:
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& Antennas - O X
= P

& 21@0 @

Searchby [ ]88 Mol [avTriuMEH_ 1M NONE | | s clowass
JAVGRANT_GITI+G NONE ~ || Aliases [aviRumpH M none | [F] §g LG0T | L2(G02)
JAVGRAMNT_ G5T  NONE AZMUEZ. 0% S 100 15 200 25°. 30%. 35°. 407 45°. SO0°.. 55°. 60°.. 65°. 7

Manufact
JAVGRANT G5T=GP IVGR anufacture. [AVAD GNSS | Noszimut 000 007 024 033 020 -D24 093 -169 228 252 236 -191 -139 -09:"
JAVGRANT_GST+GP JVSD Description o 000 014 034 043 026 022 -093 -168 -223 -246 -238 -2,14 -1,94 -1,8:
JRVGRANT_G3T-GP NONE 5 000 014 035 044 028 -020 -091 -166 -221 -243 -233 -207 -184 173
JAVRINGANT DM JVDM ]
10° 000 015 036 046 030 018 -089 -164 218 -238 -225 -1,04 -1,66 -1,5
JAVRINGANT DM NONE ]
JAVRINGANT DM SCIS Ao s | o 15 000 015 037 047 032 016 -087 -161 274 -231 213 -1,77 -143 -12
JAVRINGANT DM SCIT 20° 000 016 038 049 034 013 084 -158 -200 -223 -201 -158 -117 -08¢
JAVRINGANT GST JAVC MY [s440 | mm {5 000 016 038 051 037 -010 -081 -155 -205 -216 -1,88 -1,39 -081 -05
JAVRINGANT GST JAVD PS5 GLONASS 4300 000 016 039 052 039 007 078 -152 201 210 -1,77 -122 -067 -02¢
JAVRINGANT_G5T NONE Frequency North... Esst.. Up, mm 35 000 016 040 054 042 -004 -075 -148 -198 -205 -1,69 -109 -049 -00¢
JAVTRIANT  NONE .
0° 000 016 040 055 044 001 072 -146 -196 -203 -1,66 -1,02 -038 00

JA/TRIANT A NONE S pyrpmea— 45° 000 016 041 057 046 002 -068 -143 -195 -203 -1,66 -1,02 -036 00¢
TR WL 12 (G02) 264 -186 9098 00 016 041 057 046 002 -068 -143 -195 -203 -166 -102 036 00¢
JAVTRIUMPH_1MR NONE 50 000 016 041 058 049 006 0564 -140 -195 -206 -172 -109 -044 00
IAYTRIUMPH_2A NONE 557 000 076 041 058 051 009 -061 -138 -185 -212 -1,82 -1,22 -059 -0Ti
JAVTRIUMPH_2A+G JVGR 60° 000 016 041 050 052 011 -058 -136 -197 -219 -1,95 -141 -082 -0«
JAVTRIUMPH_2A+P JVGR 657 000 016 041 059 053 013 -056 -135 -200 -227 -2,11 -163 -1,10 -07i
JAVTRIUMPH 24P V5D 70° 000 016 040 059 053 015 -054 -135 -203 -236 -227 -1,87 -140 11
JAVTRIUMPH_3A NONE = 75 000 015 040 058 053 015 -054 -135 -206 -244 -243 -210 -1,70 -14
| DI AP 1SR RiRIE

< < > < >

Figure 199 — Antennas parameters
Radius antenna radius

MPH

is the vertical distance from the antenna reference point (ARP) to the
height measurement mark on the antenna

North, East, Up

offsets of the phase center relative to ARP toward north, east and altitude
for the selected navigation system and frequency

To update the antenna database click the button

on the toolbar. Click on the toolbar to

activate Diagram antenna parameters window. It displays a diagram of the main geometric

parameters of the antenna:

Diagram antenna parameters - [m] X
| Antenna Radius |
Phase 4 |
Center '
T i T )
4 ; N 3
{ | \ Ci
} |
b = i o 3. Ai
{ 1 m i
\ i 7 \ (Up)
- H ”  SHMP
- = po == A
B e g MPH
N '
N !/ K
N\ K
P o
| <
ARP i S
i e
5 3
D @
T k)
& &
© Ng
o &
T @
g 3
) '
t 7
4 ARP - Antenna reference Point
1 SHMP - Slant Height Measurement Point
U+ & MPH - Measure Point Height
N st s ot
offee® Pickup Point
4.- - LE
Survey Point

Figure 200 — Antenna geometry diagram
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The right panel contains tables of azimuth and zenith distance of phase center variations for the
navigation systems and frequencies. Phase center variations for certified by NGS antennas are
published on the NGS website and contain data for GPS and GLONASS for L1 and L2 frequencies:

GP5  GLOMNASS
G1(ROT) G2 (ROZ)

Asunymh3., 0%.. 5R.. 10%. 15%. 20°. 25%. 30°.. 35%.. 40°. 45%. 50°. 55%. 60°. 65°. VO0S. T5%. B80°. B85°%. 90
bes asumy... 000 -005 016 -019 010 012 034 032 003 066 -133 170 -1,53 081 015 085 035 001 -143
0° 000 001 -005 -006 001 010 011 013 070 -148 -220 -257 -238 -169 082 -019 016 091 -240
5° 000 o000 -007 -008 -003 002 009 -014 -070 -147 -220 -255 -235 -163 -073 -009 -003 -069 -203
107 000 -001 008 -011 005 Q07 Q03 015 070 147 218 -252 -227 -151 056 012 024 -036 -157
15% 000 -002 -011 -013 007 004 008 -014 069 -144 -214 -245 -216 -1,34 033 043 060 006 -104
200 000 -004 -013 -016 -010 003 003 -012 -066 -141 -209 -238 -203 -116 -004 081 104 036 -047
25° 000 -005 -015 -019 -013 001 Q09 -010 -062 -136 -203 -229 -191 -09 024 120 152 1,11 013
30° 000 -006 -017 -022 016 -001 008 -009 -058 -132 -198 -222 -1.81 -079 050 157 200 165 073
35° 000 -005 -020 -025 -019% -003 007 -008 -05% -127 -193 -217 -173 -067 071 189 242 215 128
940’ 000 -007 -021 -028 -023 -006 005 -007 -054 -124 189 -213 1,70 059 083 210 274 236 176
45° 000 -008 023 -031 020 010 Q03 009 053 -122 187 -213 1,70 060 087 220 293 2834 21N
50° 000 -010 026 034 029 014 001 011 054 123 188 -214 175 067 080 218 298 297 233
55° 000 -011 -027 -037 -032 -037 005 -015 -057 -124 190 -219 -1.83 -081 063 201 286 294 236
60° 000 -011 028 -040 036 -022 010 020 062 -128 19> 226 -1,95 1,00 038 174 260 272 222
65° 000 -012 -030 -042 040 -026 016 026 068 -134 200 -234 210 1,21 007 136 220 237 192
T0° 000 -012 -031 -044 -043 -030 -021 -032 073 -140 -206 -242 -223 -145 -027 094 174 189 147
75° 000 -013 031 -044 044 034 026 038 081 148 -213 -251 -237 167 060 049 122 135 0M
a0* 000 -013 -033 046 046 036 -030 -044 087 -1,52 -219 -257 -248 -1,86 -090 009 072 080 030
85° 000 -014 -033 -0486 -046 -037 -033 -048 -092 -157 -222 -262 -255 -200 -113 -025 029 028 -0.29
90® 000 -015 -033 -048 -045 -037 -033 -049 -093 -158 -223 -263 -258 -207 -126 -048 -002 -011 -079
95® 000 -015 -033 044 043 035 -031 -048 092 1,57 -221 -260 -255 -205 -130 -056 -018 -035 -114

Figure 201 — Phase Center Variation Table

Standard antennas manufactured by third party companies cannot be edited or deleted. Clone and
export operations are available for them:

By Clone  Shift+Ctrl+C
= Export Ctrl+E

Figure 202 — Standard antennas menu

Clone an antenna titled with a _Clone addition. It is added to the User list

Export opens window to export antenna to an ANTEXfile:
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{c:.:‘ Export antenna
< v

Organize =

[ Desktop

|if| Document;

=| Pictures

@ OneDrive

— Vandew Dicl-

~ Hide Folders

» This PC » Mew disk (D:) » 1

MNew folder

o) Mame

3+ Quick access

; Downloads

5

'

Date modified Type

Mo items match your search.

0 Search 1

Size

File name:

Save as type: | ANTEX files (*.atx, *tet)

Save

Cancel

For antennas created by the user, the following operations are available:

0 USERANTENNA

® e e oo B[

Figure 203 — Export antenna window

Add Cirl+M
Rename F2
Clene  Shift+Ctrl+C
Delete Del
Import Ctrl+1
Expaort Ctrl+E

Figure 204 — User antennas menu

Add add an antenna named USERANTENNA to the User list with the addition
to the name _1, if the name USERANTENNA is already in use

Rename edit the name of the antenna

Clone clone the antenna name

Delete remove an antenna from the list

Import import parameters for the selected antenna from an ANTEX file

Export export antenna parameters to ANTEX file

For antennas in the Last used list, operations are available for cloning, deleting and exporting to

an ANTEX file:
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4 ] Last used

JAVTRIUMTU ARA RIAKIC

Clone Shift+=Ctrl+C

22 Delete Del
= Export Ctrl+E

Figure 205 — Last used antennas menu

The ribbon of the left panel contains the following icons:

1,

Figure 206 — Ribbon of icons of the left panel

adding an antenna named USERANTENNA to the User list

editing antenna name

clone antenna

delete antenna

import of antenna parameters into ANTEX file

E_‘ export of antenna parameters to ANTEX file

For the antennas of Ofher list only the cloning and export icons are active, for the User list — all
icons, for the Last used list - the icons for cloning, deleting and exporting. The central and the right
panels for the Other and Last used, are for informational purposes and are available for viewing
only. For antennas selected in the User list, the ribbon of icons of the central panel become active.

The parameters and variations of the phase center of the selected antenna become available for

editing:

0

+

o R X

Figure 207 — Ribbon of icons of the central panel
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save changes in parameters

add a table of phase center variations for a specific navigation system and for a
specific signal type

copy the phase center variation table. The copied table is copied to an Excel or
Notepad ++ file, where the values can be edited, then the edited data is copied to
PGO

paste the phase center variation table copied into Excel or Notepad ++

delete the phase center variation table for a specific navigation system and for a
specific signal type. To edit the values of parameters or variations, you need to
double-click on the edited value, and then edit it.
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CHAPTER 12. AERIAL CAMERA EDITOR

To calculate the coordinates of camera exposure moments (events), it is necessary to set the initial
parameters, such as shifts of the center of the film plane of the aerial camera relative to the phase
center of the satellite receiver antenna, installed on the aircraft, and the camera parameters.

The aerial cameras editor window can be activated by selecting the Program item of the main menu
and then the Cameras item:

F*ru:l-gram [E_: Help

\H| Parameters

Language [

oy
=

Coordinate systems
Reference points
Antennas

Cameras

Figure 208 — Cameras

) .
(&2 Carneras and airplanes manager - O X

@ % e e

4 ([Jcameras

[5] Mew Camera
[5] Mew Camera 1
[5] Mew Camera 2

A - Airplanes

A Mew Airplane
0 New Airplans 1
F Mew Airplans 2

Edit = Project

Name |

Offsets

Forw/Back

0,0000

<: Left/Right

Vertical

Comment

Ok Cancel

Left panel

The panel of the window has lists of airplanes and cameras, defined in the program. The icon ribbon

Figure 209 — Cameras and airplane manager

implements the following functions:
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Eq_%'l create an object New Camera

5 create an object New Airplane

= create BackUp File

restore BackUp File

It is possible to edit names of the aircraft and the camera by double-clicking on the name of the
camera or the aircraft.
Right-clicking on any element on the left side of the window opens a menu with the following

functions:
(g4 MewCamera  Ctrl+N | 35 MNew Airplane  Ctrl+N
%L Properties  Ctrl+Enter [ %% Properties  Cirl+Enter
M1 Rename F2 | @1 Rename F2
> Cut Ctd+X | < Cut Cirl +3%
0 Copy Cid+C | @ Copy Ctrl+C
2 Paste Ctri+V | BB Paste Ctrl+V/
2 Delete Del f &2 Delete Del
=  Import Ctrl+l | 2 Import Ctrl+|
= Export Ctrl+E [ & Export Ctrl+E

Figure 210 — Program menu

New Camera (Airplane)  create an object New Camera (New Airplane)

Propertie opens windows for entering camera parameters and setting up the
receiver:
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[5] MNew Camera XK || W MNew Airplane Pt
MName MNew Camera Mame Mew Airplane
Camera Offsets
Delay interval 0,000 ms Forw/Back (00000 m
Focal distance 0,000 mim Left/Right |[0,0000 m
Distance to film 0,000 mm || Vertical 0,0000 m
[] Gyro platform mounted
Comment
Comment
Figure 211 — Shifts and camera parameters
Rename rename an object
Cut cut out an object
Copy copy an object
Paste paste copied or cut
Delete delete an object
Import import of sets of shifts and camera parameters from *. PACfiles
Export export of sets of shifts and camera parameters to *. PAC files

Parameters related to the aerial camera and the aircraft are automatically recognized when
importing from PAC files.

Right panel

The Edittab of the right panel contains information about the shifts and camera parameters selected
in the left panel and is used to exchange information between the project and the program. The
main functions are implemented in a menu that opens when you right-click on an object and are
similar to those described above

12.1 Receiver installation parameters

Parameter Forw/Back allows to set the offset, which is measured along the aircraft axis from the
antenna phase center to the center of the film plane with the corresponding sign:
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antenna antenna

center of the film plane

' phutnlcar?cra phutulmmcra"

2 ' aircraft nose
: aircraft nose ;
! i
= > -t - o
l | I aircraft aris l |\ ! aircraft anis
' ! center of the film plane

| I
plus minus

Figure 212 — Forw/Back offset

Parameter Left/Right allows to set the offset, which is measured across the aircraft axis from the
phase center of the antenna to the center of the film plane with the corresponding sign:

antenna
center of the film plane

- e ' photolngaa photo cameya
' ;

| . |

: | . j

|

|

»
-

f
i aircraft axis

| | aircraft axis ,
" anher'na \
i \
1
\ center of the film plane

right wing right wing

plus minus

Figure 213 — Left/Right offset

Parameter Verticalallows to set distance from the ARP antenna to the film plane, which is measured
along the vertical axis.

12.2 Camers parameters

The Delay interval (milliseconds) allows to set delay between the moment of camera exposure and
the event time measured by the receiver.

Focal length (millimeters) allows to set the focal length of the camera.

Distance to the film (millimeters) allows to set the distance to the film plane, which is measured from
the center of rotation of the camera to the film plane. The distance will be positive if the center of
rotation of the camera is below the plane of the film.

If Gyro platform mounted is checked, the camera was used with a gyro platform, and the camera
orientation angles should be used when calculating the coordinates of the events. Otherwise,
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aircraft orientation angles should be specified manually in the table Markers. To do this, select View
and Markers in the main menu, select the columns in the table that opens, right-click and edit the
values of the Yaw, Pitch and Roll parameters.

The Project item shows lists of airplanes and cameras in the project database:

Edit  Project

P I Cameras
[2] Mew Camera
[2] Mew Camera 3
4 (] Airplanes
I Mew Airplane 1
I Mew Airplane 2
A New Airplane 3

Figure 214—- Project tab

To copy from program database to the project database or vice versa, select the element to be

copied and click the button e or '::>.
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CHAPTER 13. COORDINATE CALCULATOR

The tool is available through main menu 7o00/s item:

'@' Tools

i @] Coordinate calculator

= Time converter

Figure 215 — Coordinate calculator item

or by clicking " button on a toolbar:

& Coordinate calculator — a x
Source Target
BLH Grid
Latitude [N 0° 00' 00,00000" | North 116,8692 | m
Longitude |E 07 00" 00,00000" | Cz East  [2775147,7970 | m
Height  [0,0000 | m Height [-130,1648 | m
EPOCH  |0,0000 | : EPOCH [2010,0000 |
7 WGsed v | Q 2 SK-42 / Gauss-Kruger zone 7 - 36-4, v | Q
8 Convert coordinate file

Figure 216 — Coordinate calculator window

The calculator window consists of two panels, where it is possible to select a source and target
coordinate systems (in the future CS) from a list. In order for the CS to be in this list, copy the CS

from the Favorites folder using the button :
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Select n

P ﬂFavorites
P l Default
CAWGSa4
L WGSS4{ECEFR)
EEEWorId Mercator
£5% (35-63 St. Petersburg Region / Z4 10/3/2024 1:27:49 PM
E52 IKEA,
E55 MNED
255 NCNA,
E5E NEST
£5E P77
EEESCSR
25 5K-42 / Gauss-Kruger zone 15 - 84-80° E 10/3/2024 1:26:39 PM
252 SK-42 / Gauss-Kruger zone 7 - 36-42° E
252 5K-42 / MSK-02 zn. 2 Resp. Bashkortostan 10/3/2024 1:29:16 PM
252 SK-42 / MSK-05 zn. 1 Resp. Dagestan
E=THVR
7 WGSBA(ITRF2014)
» [J Project

Ok Cancel

Figure 217 — Favorites folder

The CS selected in this window after pressing the OK button is included to the list of CS of the
calculator.

The coordinate system is copied to the Favorites folder from the program database using the
Coordinate System Editor. Any number of CS may be copied to this folder.

Coordinates are recalculated by pressing arrows @ and = in the direction indicated by the
arrows. Both panels are equivalent and the panel selection for entering the initial coordinates does
not matter.

The choice of the source and the resulting CS in both panels is carried out in the drop-down list of
the CS of the calculator:

3 EDS0 v
3 EDS0

sia SK-42 / M3SK-02 zn. 2 Resp. Bas!
L7 Adindan _
z5= MSK-05 / Republic of Dagestan
£4 WGs84

s WGSB4{ECEF)

ses SK-42 / Gauss-Krugerzone 7 - :

Figure 218 — Choice of CS

'S
By clicking the button ~* activates the window with the parameters selected CS:
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(&9 SK-42 / Gauss-Kruger zone 7 - 26-42° E — O X
Helmert Transfermation (7-param. linear) Transverse Mercator

X-axis translation Latitude of Origin
23570 | m  [noe oo o000000" |
Y-axis translation Central Meridian
-140350 | m  [e32° 59 60,00000" |
Z-axis translation Scale Factor
[-79.200 | m  [1.000000 |
X-axis rotation False Easting
[o° 00" 00,00000" | [r500000,000 | m
Y-axis rotation Flattening
|0 00’ 00:35000" | [298.300000000 |
Z-axis rotation Prime meridian
|-0° 00" a0, 79000 | |eo- o0 00.00000° |
Scale difference False Northing
[-0.220 | ppm  [0.000 | -
Semi-major axis (source) Semi-major axis
|6278245,000 | m  [pa78245,000 | m
Semi-major axis (target)
[6378137.000 | m ) == Forward

Flattening (source)

|292,300000000

Flattening (target)

298257223563

Prime meridian (source)

|E 07 00" 00,00000"

Prime meridian (target)

|E 07 00" 00,00000"

JE7 Backward

Figure 219 — CS parameters

The color of the arrow and the label show the direction of conversion, for which the parameters are

given.

For the batch recalculation of coordinates, click the button

file containing the coordinates in the window
recalculated coordinates will be placed in the window and then click Save.

Define templates

8 Convert coordinate file

, select the

& Select source coordinate file

select the file, where

It is necessary to specify templates of formats for input and output of coordinates:
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(& Select import template >
Template Columns Empty Morthing Easting Height
1 Column  Value | | mMHcB -2664063,74 4323171985 3848361519 -266401
_ 0 Empty P22 -2689640,155  -4290437452 3865050855 26896,
4 U (G SLAC 2703115933 4201767215 3854247872 -27031
2 Easting ZOAT 2684435493 -4293337,322 3865351,523 -26844,
3 Height 5300 2645887228 4307855756 3876512189 -26458;
P254 -2645677,671 4322568538  3861306,138 26456
P259 -2619348,155  -4342043.826  3855666,111 -26193-
P217 -2672525596  -4335539,1 3826692,095 26725,
Add o0 Delete [#ladd [ insert 27 Delete P24z -2663555,5 -4352803,559 3813317713 -26635.
Separator I:I Space [ 1ab Decimal Separator I:I
Combine lines ™ Ignore empty [ Celumn names [ Delete quotes
Encoding < >
oK Cancel

Figure 220 — Coordinate input template
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